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FOREWORD 

If the knowledge is 
undigested or simply wrong, 

more is not better 

How to communicate and disseminate numerical data effectively in chemical 
science and technology has been a problem of serious and growing concern to 
IUPAC, the International Union of Pure and Applied Chemistry, for the last two 
decades. The steadily expanding volume of numerical information, the 

formulation of new interdisciplinary areas in which chemistry is a partner, 
and the links between these and existing traditional subdisciplines in 
chemistry, along with an increasing number of users, have been considered as 
urgent aspects of the information problem in general, and of the numerical 
data problem in particular. 

Among the several numerical data projects initiated and operated by 
various IUPAC commissions, the Solubility Data Project is probably one of 
the most ambitious ones. It is concerned with preparing a comprehensive 
critical compilation of data on solubilities in all physical systems, of 
gases, liquids and solids. Both the basic and applied branches of almost all 
scientific disciplines require a knowledge of solubilities as a function of 
solvent, temperature and pressure. Solubility data are basic to the 
fundamental understanding of processes relevant to agronomy, biology, 
chemistry, geology and oceanography, medicine and pharmacology, and metallurgy 
and materials science. Knowledge of solubility is very frequently of great 
importance to such diverse practical applications as drug dosage and drug 
solubility in biological fluids, anesthesiology, corrosion by dissolution of 
metals, properties of glasses, ceramics, concretes and coatings, phase 
relations in the formation of minerals and alloys, the deposits of minerals 
and radioactive fission products from ocean waters, the composition of ground 
waters, and the requirements of oxygen and other gases in life support systems. 

The widespread relevance of solubility data to many branches and 
disciplines of science, medicine, technology and engineering, and the 

difficulty of recovering solubility data from the literature, lead to the 
proliferation of published data in an ever increasing number of scientific and 
technical primary sources. The sheer volume of data has overcome the capacity 
of the classical secondary and tertiary services to respond effectively. 

While the proportion of secondary services of the review article type is 
generally increasing due to the rapid growth of all forms of primary 
literature, the review articles become more limited in scope, more 
specialized. The disturbing phenomenon is that in some disciplines, certainly 
in chemistry, authors are reluctant to treat even those limited-in-scope 
reviews exhaustively. There is a trend to preselect the literature, sometimes 
under the pretext of reducing it to manageable size. The crucial problem with 
such preselection - as far as numerical data are concerned - is that there is 
no indication as to whether the material was excluded by design or by a less 
than thorough literature search. We are equally concerned that most current 
secondary sources, critical in character as they may be, give scant attention 
to numerical data. 

On the other hand, tertiary sources - handbooks, reference books and other 

tabulated and graphical compilations - as they exist today are comprehensive 
but, as a rule, uncritical. They usually attempt to cover whole disciplines, 
and thus obviously are superficial in treatment. Since they command a wide 
market, we believe that their service to the advancement of science is at 
least questionable. Additionally, the change which is taking place in the 
generation of new and diversified numerical data, and the rate at which this 
is done, is not reflected in an increased third-level service. The emergence 

of new tertiary literature sources does not parallel the shift that has 
occurred in the primary literature. 

vii 



vii i  Foreword 

With the status of current secondary and tertiary services being as 
briefly stated above, the innovative approach of the Solubility Data Project 

is that its compilation and critical evaluation work involve consolidation and 
reprocessing services when both activities are based on intellectual and 
scholarly reworking of information from primary sources. It comprises compact 
compllation, rationalization and simplification, and the fitting of isolated 
numerical data into a critically evaluated general framework. 

The Solubility Data Project has developed a mechanism which involves a 
number of innovations in exploiting the literature fully, and which contains 
new elements of a more imaginative approach for transfer of reliable 
information from primary to secondary/tertiary sources. The fundamental 

trend of the Solubility Data Project is toward integration of secondary and 

tertiary services with the objective of producing in-depth critical analysis 

and evaluation which are characteristic to secondary services, in a scope as 

broad as conventional tertiary services. 

Fundamental to the philosophy of the project is the recognition that the 
basic element of strength is the active participation of career scientists in 

it. Consolidating primary data, producing a truly critically-evaluated set of 
numerical data, and synthesizing data in a meaningful relationship are demands 

considered worthy of the efforts of top scientists. Career scientists, who 
themselves contribute to science by their involvement in active scientific 
research, are the backbone of the project. The scholarly work is commissioned 
to recognized authorities, involving a process of careful selection in the 
best tradition of IUPAC. This selection in turn is the key to the quality of 
the output. These top experts are expected to view their specific topics 
dispassionately, paying equal attention to their own contributions and to 
those of their peers. They digest literature data into a coherent story by 
weeding out what is wrong from what is believed to be right. To fulfill this 
task, the evaluator must cover all relevant open literature. No reference 
is excluded by design and every effort is made to detect every bit of relevant 
primary source. Poor quality or wrong data are mentioned and explicitly 
disqualified as such. In fact, it is only when the reliable data are 
presented alongside the unreliable data that proper justice can be done. The 
user is bound to have incomparably more confidence in a succinct evaluative 
commentary and a comprehensive review with a complete bibliography to both 

good and poor data. 

It is the standard practice that the treatment of any given solute-solvent 
system consists of two essential parts: I. Critical Evaluation and Recommended 
Values, and II. Compiled Data Sheets. 

The Critical Evaluation part gives the following information: 

( i) a verbal text of evaluation which discusses the numerical 
solubility information appearing in the primary sources located in 
the literature. The evalua�ion text concerns primarily the quality 
of data after consideration of the purity of the materials and 
their characterization, the experimental method employed and the 
uncertainties in control of physical parameters, the 
reproducibility of the data, the agreement of the worker's results 

on accepted test systems with standard values, and finally, the 
fitting of data, with suitable statistical tests, to mathematical 
functions; 

(ii) a set of recommended numerical data. Whenever possible, the set of 
recommended data includes weighted average and standard deviations, 
and a set of smoothing equations derived from the experimental data 
endorsed by the evaluator; 

(iii) a graphical plot of recommended data, 

The Compilation part consists of data sheets of the best experimental data 
in the primary literature. Generally speaking, such independent data sheets 
are given only to the best and endorsed data covering the known range of 
experimental parameters, Data sheets based on primary sources where the data 
are of a lower precision are given only when no better data are available. 
Experimental data with a precision poorer than considered acceptable are 
reproduced in the form of data sheets when they are the only known data for a 
particular system. Such data are considered to be still suitable for some 

applications, and their presence in the compilation should alert researchers 
to areas that need more work. 
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Foreword 

The typical data sheet carries the following information: 

(i) 

(ii) 

(iii) 
(ivl 

(V) 

components - definition of the system - their names, formulas and 

Chemical Abstracts registry numbers; 
reference to the primary source where the numerical information is 
reported. In cases when the primary source is a less common 
periodical or a report document, published though of limited 

availability, abstract references are also given; 

experimental variables; 
identification of the compiler; 
experimental values as they appear in the primary source. 
Whenever available, the data may be given both in tabular and 
graphical form. If auxiliary information is available, the 
experimental data are converted also to SI units by the compiler. 

Under the general heading of Auxiliary Information, the essential 
experimental details are summarized: 

(vi) 

(vii) 

(viii) 

(ixl 
(xl 

experimental method used for the generation of data; 
type of apparatus and procedure employed; 

source and purity of materials; 
estimated error; 
references relevant to the generation of experimental data as 

cited in the pr1mary source. 

This new approach to numerical data presentation, formulated at the 
init1.ation of the project and perfected as experience has accumulated, has 
been strongly influenced by the diversity of background of those whom we are 
supposed to serve. We thus deemed it right to preface the 
evaluation/compilation sheets in each volume with a detailed discussion of the 
principles of the accurate determination of relevant solubility data and 

related thermodynamic information. 

Finally, the role of education is more than corollary to the efforts we 
are seeking. The scientific standards advocated here are necessary to 

strengthen science and technology, and should be regarded as a major effort in 
the training and formation of the next generation of scientists and 

engineers. Specifically, we believe that there is going to be an impact of 

our project on scientific-communication practices. The quality of 
consolidation adopted by this program offers down-to-earth guidelines, 

concrete examples which are bound to make primary publication services more 
responsive than ever before to the needs of users. The self-regulatory 
message to scientists of the early 1970s to refrain from unnecessary 

publication has not achieved much. A good fraction of the literature is still 

cluttered with poor-quality articles. The Weinberg report (in 'Reader in 

Science Information', ed. J. Sherrod and A. Hodina, Microcard Editions Books, 

Indian Head, Inc., 1973, p. 292) states that 'admonition to authors to 
restrain themselves from premature, unnecessary publication can have little 
effect unless the climate of the entire technical and scholarly community 

encourages restraint • • •  ' We think that proJects of this kind translate the 
climate into operational terms by exerting pressure on authors to avoid 

submitting low-grade material. The type of our output, we hope, will 

encourage attention to quality as authors will increasingly realize that their 
work will not be suited for permanent retrievability unless it meets the 

standards adopted in this project. It should help to dispel confusion in the 
minds of many authors of what represents a permanently useful bit of 

information of an archival value, and what does not. 

If we succeed in that aim, even partially, we have then done our share in 
protecting the scientific community from unwanted and irrelevant, wrong 

numerical information. 

A. s. Kertes 

ix 



PREFACE 

Thi s  volume of the Sol ubi l ity Series p resents origina l data and 

eva luations o f  the so lubi l ity o f  methane gas in l iquids . Co l l ected here 

are the s o l ub i l ity data of methane i n  water , seawater , aqueous e l ectro l yte 

s o l utions , mixed s o l vents , hydrocarbons , a l cohol s ,  ketones , carboxy l i c  

acids , e sters , ha l ocarbon s , sul fur and nitrogen containing organic 

substan ces and other l i quids at a l l  temperature and pressures f rom papers 

pub l i shed in the s c ienti f i c  l iterature through mid 1985 . The pub l i cation 

of the methane vol ume compl etes the compi l ation and eva l uation o f  the 

so l ub i l ity data of the f i rst f ive members of the a l kane hydrocarbon 

series , C
n

H
2n+2

. The ethane s o l ubi l ity data are in S o l ubi l ity Series 

Vol ume 9, and the propane , butane , and 2-methylpropane data are i n  Vo l ume 

24 , both edited by w. Hayduk . 

Methane me l ts at 90 . 68 K ,  boi l s  at 111 . 42 K at 0 . 101325 MPa , and ha s 

criti ca l temperature , pressur e ,  and density of 190 . 55 K ,  4 . 595 MPa and 162 
- 1  

k g  m , respective l y ,  Some s e l ected va l ue s  o f  the s econd viria l 

coef f ic ient and methane mo l ar vo l umes 

T/K 

115 

150 

200 

250 

273 . 15 

298 . 15 

3 -1 
B/cm mol 

-300 . 5  

-176 . 2  

-100 . 9  

- 63 . 4  

- 51 . 7  

- 41 . 4  

3 -1 
V/cm mo l 

9 , 126 

12 , 130 

16 , 310 

20 , 450 

22 , 362 

24 , 424 

at 

T/K 

300 

350 

400 

450 

500 

550 

0 . 101325 MPa 

3 -1 
B/cm mo l 

40 . 7  

- 25 . 5  

- 14 . 7  

- 6 . 6  

- 0 . 4  

+ 4 . 4  

are: 

3 -1 V/cm mo l 

24 , 576 

28 , 694 

32 , 808 

36 , 919 

41 , 028 

The second virial  constants and some o f  the other physica l  data above are 

f rom the I nternati ona l Thermodynami c Tab l e s  o f  the F l uid State , Vo l ume 5 ,  

Methane , edited b y  s. Angus , B .  Armstrong , and K . M .  D e  Reuck , Pergamon 

Pres s , 1978 . The methane mo l ar vo l umes at 273 . 15 and 298 . 15 K are 0 . 23 and 

0 . 17% l e s s  than the ideal gas va l ue s . The corrections for non-idea l gas 

behav iour have been appl i ed i n  onl y a f ew cases o f  h ighly accurate gas 

s o l ub i l ity meas urements . 

Def initions of the many gas s o l ubi l ity units in use are covered in the 

introductory s ection on the Sol ubi l ity of Gases in Liquids . A l s o  discussed 

in the section i s  a thermodynamica l l y  consi stent equation to use to fit the 

s o l ub i l ity as a function of temperature ,  and the thermodynamic changes that 

can be derived f rom the equation . The accuracy of most gas s o l ub i l ity 

measu rements justi f ie s  use of o n l y  a two , or occas iona l ly a three constant 

equation . Thes e  equations often require s ix to e i ght d i g its to properl y 

reproduce a gas s o l ubi l ity va l ue to three s i gni f i cant d ig its . When the 

equation constants are used to ca l c u l ate thermodynamic changes the 

thermodynamic changes s hou l d  be s ca l ed back to no more than three 

s igni f i cant digits . 



xi 

In addition to the introductory s ection on t he So l ubil ity o f  Gases in 

Liquids the u s e r  wil l f ind h e l p f u l  s e c tions on Thermodynamic Con siderations 

of Gas S o l u bi l ity by E. Wil he lm, and on the Sechenov Sa l t  E f f ec t  Parame ter 

by H.L. C l ever in S o lubil ity Series Vo lume 10 on Nitrogen and Air. The 

origina l data is usua l l y reca l cu l ated in s everal other units to better 

compare data f rom dif f erent sources. The se unit conversions require 

density data which is not direc t l y  r e f e renced except in s pe cial cases. Our 

mo s t  common source of denis ty data is Organic So lvents, J.A. Riddick and 

W.B. Bunger, (Technique of Chemis try, Vo l ume 11, A. Weis s be rger, Editor ) ,  

Wi l ey-Inter science, New York, 1970 , 3 rd. Ed. T he p r e f ace of So l u bi l it y  

Se rie s, v o l ume 1 ,  He lium a n d  Neon l is t s  additional r e f e rences f o r  den sity 

data. 

The editors renew their p l e a  that authors pub l ishing gas s o l ubil ity 

data should a l ways r eport the primary experimental observations of 

tempe rature, pressure, vo lume, e tc., and that they s ho u l d  indicate t h e  

precise method used t o  c a l c u l at e  the s o l ubil ity v a l ue. Much o f  the va l ue 

of an Ostwa ld coe ff icient is l os t  if the pressure at which t h e  measurement 

is made is not reported. Henry's constants have been d e fined and 

ca l cu lated in a number of ways and the precise s ignificance of a partic u l ar 

v a l ue is o f ten l o s t  if pres sure measurements are not given. 

The editors are gra te f u l  for advice and h e l p  given by f e l low members o f  

t h e  IUPAC Commission on Sol ubil ity Data. The editors wish t o  expre s s  thei� 

appreciation to Marian Iwamoto f o r  te chnic a l  a s sistance and to Carolyn 

Dowie, Cherryl Parr ish, and Les l e y  F l anagan f o r  typing the f inal 

manuscript. 

H. Lawrence C l ever C o l in L. Young 

At l anta Me l bourne 

19 86,  March 



THE SOLUBILITY OF GASES IN LIQUIDS 
Introductory Information 

C. L. Young, R. Battino, and H. L. Clever 

INTRODUCTION 

The Solubility Data Proj ect aims to make a comprehensive search of the 
literature for data on the solubility of gases, liquids and solids in 
liquids . Data of suitable accuracy are compiled into data sheets set out 
in a uniform format . The data for each system are evaluated and where 
data of sufficient accuracy are available values are recommended and in 
some cases a smoothing equation is given to represent the variation o f  
solubility with pressure and/or temperature . A text giving an evaluation 
and recommended values and the compiled data sheets are published on 
consecutive pages . The following paper by E .  Wilhelm gives a rigorous 
thermodynamic treatment on the solubility of gases in liquids . 

DEFINITION OF GAS SOLUBILITY 

The distinction between vapor-liquid equilibria and the solubility of gases 
in liquids is arbitrary . It is generally accepted that the equilibrium 
set up at 300K between a typical gas such as argon and a liquid such as 
water is  gas-liquid solubility whereas the equilibrium set up between 
hexane and cyclohexane at 350K is an example of vapor-liquid equilibrium. 
However, the distinction between gas-liquid solubility and vapor-liquid 
equilibrium is o ften not so clear . The equilibria set up between methane 
and propane above the critical temperature of methane and below the criti
cal temperature of propane may be classed as vapor-liquid equilibrium or 
as gas-liquid solubility depending on the particular range of pressure 
considered and the particular worker concerned . 

The difficulty partly stems from our inability to rigorously distinguish 
between a gas, a vapor, and a liquid ; a·subj ect which has been discussed 
in numerous textbooks . We have taken a fairly liberal view in these 
volumes and have included systems which may be regarded , by some workers, 
as vapor-liquid equilibria.  

UNITS AND QUANTITIES 

The solubility of  gases in liquids is of interest to a wide range of scien
tific and technological disciplines and not solely to chemistry . Therefore 
a variety of ways for reporting gas solubility have been used in the pri
mary literature . Sometimes , because of insufficient available information, 
it has been neces sary to use several quantities in the compiled tables .  
Where possible, the gas solubility has been quoted a s  a mole fraction 
of the gaseous component in the liquid phase . The units of pressure used 
are bar , pascal, millimeters of mercury , and atmosphere . Temperatures are 
reported in Kelvins . 

EVALUATION AND COMPILATION 

The solubility of comparatively few systems is known with sufficient accur
acy to enable a set of recommended values to be presented . This is true 
both of the measurements near atmospheric pressure and at high pressure s .  
Although a considerable number of  systems have been studied by at least 
two workers, the range of pressures and/or temperatures is often suffi
c iently different to make meaningful comparison imposs ible . 

Occasionally , it is not clear why two groups of  workers obtained very 
different sets of  results at the same temperature and pressure, although 
both sets of results were obtained by reliable methods and are internally 
consistent . In such cases, sometimes an incorrect assessment has been given. 
There are several examples where two or more sets of data have been clas-

sified as tentative although the sets are mutually inconsistent . 

Many high pressure solubility data have been published in a smoothed form. 
Such data are particularly difficult to evaluate, and unless specifically 
discussed by the authors, the estimated error on such values can only be 
regarded as an "informed guess". 
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Many of the high pressure solubility data have been obtained in a more 
general study of high pressure vapor-liquid equilibrium. In such cases a 
note is included to indicate that additional vapor-liquid equilibrium data 
are given in the source . Since the evaluation is for the compiled data , 
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it is pos sible that the solubility data are given a classification which is 
better than that which would be given for the complete vapor-liquid data 
(or vice versa) . For example , it is difficult to determine coexisting 

liquid and vapor compositions near the critical point of  a mixture using 
some widely used experimental techniques which yield accurate high pressure 
solubility data . As another example , conventional methods of analysis 
may give results with an expected error which would be regarded as suffi
ciently small for vapor-liquid equilibrium data but an order of magnitude 
too large for acceptable high pressure gas-liquid solubility . 

It is occasionally pos sible to evaluate data on mixtures of a given sub
stance with a member of a homologous series by considering all the 
available data for the given substance with other members of the homologous 
series . In this study the use of  such a technique has been limited . 

The estimated error is often omitted in the original article and sometimes 
the errors quoted do not cover all the variables . In order to increase the 
usefulness of the compiled tables e�t�mated errors have been included even 
when absent from the original article . If the error on any variable has 
been inserted by the compiler,this has been noted . 

PURITY OF MATERIALS 

The purity of materials has been quoted in the compiled tables where given 
in the original publication . The solubility is usually more sensitive to 
impurities in the gaseous component than to liquid impurities in the liquid 
component . However ,  the most important impurities are traces of a gas dis
solved in the liquid . Inadequate degassing of the absorbing liquid is 
probably the most often overlooked serious source of error in gas solu
bility measurements . 

APPARATUS AND PROCEDURES 

In the compiled tables brief mention is made of the apparatus and procedure . 
There are several reviews on experimental methods of determining gas 
solubilities and these are given in References 1-7 .  

METHODS OF EXPRESSING GAS SOLUBILITIES 

Because gas solubilities are important for many different scientific and 
engineering problems , they have been expressed in a great many ways : 

The Mole Fraction , x (g )  

The mole fraction solubility for a binary system is given by : 

x ( g )  = 
��n[:..(�g!.!. )

.,-:-r.,.. n(g) + n(l) 

�'1 <r:l /M 'r) 
= {W(g)/M{g} + W(i)/M(!)} 

here n is the number of moles of a substance (an amount of  substance ) ,  
W is the mass of a substance , and M is the molecular mass .  To be unambigu
ous , the partial pressure of the gas (or the total pressure ) and the temper
ature of measurement must be specified . 

The Weight Per Cent Solubility , wt% 

For a binary system this is given by 

wt % 100  W (g ) /{W ( g )  + W (l ) } 
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where W is the weight of substance . As in the case of mole fraction, the 
pressure (partial or total) and the temperature must be speci fied . The 
weight per cent solubility is related to the mole fraction solubility by 

x (g )  = {wt%/M (�) }  
{wt%/M(g)} + { (1 0 - Wt%)/M(l)} 

The Weight Solubility, Cw 

The weight solubility is 
solvent when the partial 
solubility is related to 
partial pressure by 

the number of moles of dissolved gas per gram of 
pressure of gas is 1 atmosphere . The weight 
the mole fraction solubility at one atmosphere 

CWM ( l )  
x ( g )  (partial pressure 1 atm) 

where M (l)  is the molecular weight of the solvent . 

The Moles Per Unit Volume Solubility, n 

Often for multicomponent systems the dens ity of the liquid mixture is  not 
known and the solubility is quoted as moles of gas per unit volume of 
liquid mixture . This is related to the mole fraction solubility by 

x (g )  = n v0 ( 1 )  
1 + n vo(l) 

where v0 ( 1 )  is the molar volume of the liquid component . 

The Bunsen Coefficient, a 

The Bunsen coefficient is defined as the volume of gas reduced to 2 7 3 . 15K 
and 1 atmosphere pressure which is absorbed by unit volume of solvent (at 
the temperature of measurement ) under a partial pres sure of 1 atmosphere . 
I f  ideal gas behavior and Henry ' s  law are as sumed to be obeyed, then 

a = ��l� 27�. 15 

where V (g )  is the volume of gas absorbed and V (l)  is the original ( starting) 
volume of  absorbing solvent .  The mole fraction solubility x is related to 
the Bunsen coefficient by 

x (g1 1 atm) = ------�a-------=0----
a 

+ 2 7 3 . 15 v (g) 
T vo (l )  

where v0 (g )  and v0 ( 1 )  are the molar volumes of gas and solvent at a pressure 
of one atmosphere . I f  the gas is ideal, 

x (g) = a 

a+ 2 7 3 . 15R 
v0 ( 1 )  

Real gases do not follow the ideal gas law and i t  is important to es tablish 
the real gas law used for calculating a in the original publication and to 
make the necessary adjustments when calculating the mole fraction 
solubility. 

The Kuenen Coefficient, S 

This is the volume of gas, reduced to 2 7 3 . 15K and 1 atmosphere pressure, 
dissolved at a partial pressure of gas of 1 atmosphere by 1 gram of solvent . 
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The Ostwald Coefficient, L 

The Ostwald coefficient, L, is defined as the ratio of  the volume of gas 
absorbed to the volume of the absorbing liquid, all measured at the same 
temperature : 

L = ��fJ 
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I f  the gas is ideal and Henry ' s  Law is applicable, the Ostwald coefficient 
is independent of the partial pressure of the gas . It is necessary, in 
practice, to state the temperature and total pressure for which the Ostwald 
coefficient is measured. The mole fraction solubility, x (g ) , is related to 
the Ostwald coefficient by 

X ( g )  = [ RT + J -1  

[_P(cj) L v0 (f)  j 
where P is the partial pres sure of gas . The mole fraction solubility will 
be at a partial pressure of P ( g ) . ( See the following paper by E .  Wilhelm 
for a more igorous definition of the Ostwald coefficient . )  

The Absorption Coefficient, 8 

There are several "absorption coefficients", the most commonly used one 
being defined as the volume of gas, reduced to 2 7 3 . 15K and 1 atmosphere, 
absorbed per unit volume of liquid when the total pressure is 1 atmosphere . 
8 is related to the Bunsen coefficient by 

8 = a (l - P (l ) ) 

where P ( l) is the partial pressure of the liquid in atmosphere s .  

The Henry ' s  Law Constant 

A generally used formulation of Henry ' s  Law may be expressed as 

P (g )  KHx (g )  

where KH is the Henry ' s  Law constant and x (g )  the mole fraction solubility . 
Other formulations are 

or 

where K2 and Kc are constants, C the concentration, and { 1 )  and { g )  refer to 
the liquid and gas phases . Unfortunately, XHr K2 and Kc are all sometimes 
referred to as Henry ' s  Law constants . Henry ' s  Law is a l�m���ng law but 
can sometimes be used for converting solubility data from the experimental 
pressure to a partial gas pressure of 1 atmosphere, provided the mole frac
tion of the gas in the liquid is small, and that the difference in pressures 
is small . Great caution must be exercised in using Henry ' s  Law. 

The Mole Ratio, N 

The mole ratio, N ,  is defined by 

N = n (g ) /n (l)  

Table 1 contains a presentation of the most commonly used inter-conversions 
not already discussed . 

For gas solubilities greater than about 0 . 01 mole fraciton at a partial 
pressure of 1 atmosphere there are several additional factors which must 
be taken into account to unambiguously report gas solubilitie s .  Solution 
densities or the partial molar volume of gases must be known . Corrections 
should be made for the possible non-ideality of the gas or the non
applicability of Henry's Law . 
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TABLE 1 Interconversion of parameters used for reporting solubility 

L = a{T/2 7 3.1 5 )  

a/v p 0 6 
_ 17.0 33 x 10 p(soln) + -

a M(l) 7 6 0  

where v0 is the molal volume o f  the gas i n  cm3mol-l a t  0°C , p the dens ity 
of the solvent at the temperature of the measurement, psoln the density 
of the solution at the temperature of the measurement, and vt the 

3 -1 ,gas 
molal volume of the gas {em mol ) at the temperature of the measurement, 

SALT EFFECTS 

Salt effect studies have been carried out for many years. The results are 
often reported as Sechenov {Setchenow) salt effect parameters. There appears 
to be no common agreement on the units of either the gas solubility, or the 
electrolyte concentration, 

Many of the older papers report the salt effect parameter in a form equiva
lent to 

kscc/mol dm-3 = {l/{c2/mol dm-3 ) )  log {{cj/mol dm-3 ) /{c7;mol dm-3 ) )  

where the molar gas solubility ratio, cj/c7, is identical to the Bunsen 
coefficient ratio, a0/a, or the Ostwald coefficient ratio, L0/L. One can 
designate the salt e ffect parameters calculated from the three gas 
solubility ratios as k

�cc' �rca
' kscL' respectively, but they are 

identical, and kscc/dm mol describes all of them. The superzero refers 
to the solubility in the pure solvent. 

Recent statistical mechanical theories favor a molal measure of the 
electrolyte and gas solubility. Some of the more recent salt effects are 
reported in the form 

ksmm/kg mol-l = ( l/{m2/mol kg-1 ) log {{mj/mol kg-l ) /{m7/mol kg-l ) 

In this equation the m71m1 ratio is identical to the Kuenen coefficient 
ratio, �11�1, or the solvomolality ratio referenced to water, A��/A�m· 
Thus the salt e ffect parameters ksmm' ksms' and ksmA�m are well 

-1 represented by the ksmm/kg mol • 

Some experimentalists and theoreticians prefer the gas solubility ratio as 
a mole fraction ratio, xj!x1• It appears that most calculate the mole 
fraction on the basis of the total number of ions, The salt effect 
parameters 

and 

3 -1 kscx/dm mol 

ksmx/kg mol-l = (l/ (m2/mol kg-1 ) )  log (xj/x7) 

are both in the literature, but kscx appears to be the more common. 
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The following conversions were worked out among the various forms of 
the salt effect parameter from standard definitions of molarity , 
molality , and mole fraction assuming the gas solubilities are small .  

ksmc Cc.2/m2) kscc = (c.2/m2) kscm + F1m 
kscm kscc - F1c. = (m2/c.2) k -smc F7c. = (m2/c.2) ksmm 
kscx 
ksmm 
k smx 
kscc 
where 

F1m 
F7c. 
F2m 

F2c. 
F3m 
F3c. 

(m2/c.2) 

k -smx 
(c.2/m2) 

ksmx 
F2m = 

kscx 
kscx - F3c. = 

= (m2/c.2) 

(c.2/m2) 

= (c.2/m2) 

ksmm 

k -sex 

+ F2c. 
F2m 

kscc + F3m 

(m2/c.2) ksmx - F3c. 

( l/m2) log [ (p0/p) ( 1000  + m2M2) /100 0 ]  

(m2/c.2) F1m 

(l/m2 ) log [ (1 0 0 0  + vm3 M3) /1 0 0 0 ]  

(m2/c.2) F2m 

(l/m2 ) log [ ( lOOOp + (vM3-M2> c.2 ) /lOOOp 0 )  

(m2/c.2) F3m 

The factors Flm• F1c., F2m, F2c., F3m, and F3c. can easily be calculated 
from aqueous electrolyte data such as weight per cent and density as 
found in Volume III  of the International Critical Tables . The values 
are small and change nearly linearly with both temperature and 
molality . The factors normally amount to no more than 10 to 20  
per cent of the value of the salt effect parameter . 

The symbols in the equations above are defined below : 

Component Molar Molal Mole Molecular 
Concentration Concentration Fraction Weight 
c./mol dm-3 m/mol kg -1 " M/g mol-l 

Nonelectrolyte 0 C.p c.1 
0 mp m1 

0 "1 , "1 M1 
Electrolyte c.2 m2 "2 M2 
Solvent c.3 m3 "3 M3 

The superscript 11011 refers to the nonelectrolyte solubility in the 3 pure solve��· The pure solvent and solution densities are p0/g em
and p/g em , respectively. They should be the densities of gas 
saturated solvent (water )  and salt solution , but the gas free 
densities will differ negligibly in the p0/p ratio . The number of 
ions per formula of electrolyte is symbolized by v .  

The following table gives estimated errors i n  kscc concentrations and a range of random errors in 
measurement 3 _1a Error in kscc/dm mol 

for various salt 
the gas solubility 

--�----------������ c.2/ -3 Random Error �n gas solub�lity Measurement 
mol dm ±2% ±1 % ±0 .  5 %  ±0 . 1 % ±0 . 05% 

1 ±18%  ±9%  ±5 % ±1 . 5 % ±]% 
0 . 1  ±17 5 %  ±8 7% ±4 3 %  ±9 % ±4 % 
0 . 0 5 ±35 0 %  ±17 4 %  ±8 7 %  ±17 % ± 9 %  
o . o1 ±17 5 0 %  ±87 0 %  ±4 3 5 %  ±87 %  ±4 3 %  

a Based on a kscc value of 0 . 100 . 
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( .6 ) AQUAMOLAL OR SOLVOMOLAL, A
4rn or rn� 

The term aquamolal was suggested by 
used in connection with D2o and H20 

R. E. Kerwin (9). The unit was first 
+ D2o mixtures. It has since been 
The unit represents the numbers of extended in use to other solvents. 

moles of solute per 55.51 moles of solvent . It is represented by 

rnl4 l;mol kg-l = (n1M2tw2) (w2!M0) = rn-t<M2/M0) where an amount o f  It-t of 
solute i is dissolved in a mass w2 of solvent of molar mass M2; M0 is 
the molar mass of a reference solvent and m-i./mol kg-l is the 
conventional molality in the reference solvent. The reference solvent 
is normally water. 

TEMPERATURE DEPENDENCE OF GAS SOLUBILITY 

In a few cases it has been found possible to fit the mole fraction 
solubility at various temperatures using an equation of the form 

ln x = A + B / ( T/lOOK) + C ln ( T/lOOK) + DT/lOOK 

It is __ then possible to write the therroodynamic functions AGi, AHi, ASi 
and ACP for the transfer of the gas from the vapor phase at 

1 
101,325 Pa partial pressure to the (hypothetical) solution phase of 
unit mole fraction as: 

AGl = -RAT - 100 RB- RCT ln (T/100 )  - RDT2/100 

ASl = RA + RC ln ( T/10 0 )  + RC + 2 RDT/10 0  

AH0 -1 0 0  RB + RCT + RDT2/100 1 
AC0 RC + 2 RDT/10 0  pl 

In cases where there are solubilities at only a few temperatures it 
is convenient to use the simpler equations 

AGf - RT ln x = A + BT 

in which case A = AHi and -B = ASi 
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AN EVALUATION OF THE SOLUBILITY OF METHANE IN WATER BETWEEN TEMPERATURES 
OF 2 73 . 15 and 523 . 15 K AT A METHANE PARTIAL PRESSURE OF 0 . 101325 MPa . 

Normally only one equation and table of smoothed data are given in an 

evaluation . This evaluation gives three equations and two tables of 

smoothed data . Equation (1) represents the best evaluation of data prior 

to 1981. Equation ( 2 )  and Table 1 represent the recommended evaluation be

tween temperatures of 273 . 15 and 328 . 15 K based on the precise measurements 

of Rettich et a Z .  ( 2 2 ) . Equation ( 3 )  and Table 2 represent tentative values 

between temperatures of 273 . 15 and 5 2 3 . 15 K based on data from Rettich e t  

a Z .  ( 2 2 )  and Crovetto et a Z .  ( 9 ) . For applications around room temperature 

the data represented by Equation ( 2 )  and Table 1 are recommended . 

The so lubility of methane in water is reported in many papers (1-33 ) .  

Most of these measurements are at aa.  atmospheric pressure , but there are 

many measurements reported at larger pressures which will be evaluated 

separately . Many of the papers contain additional data on the solubility 

of methane in aqueous electrolyte solutions and in mixed solvents .  

The thirty-three papers that were examined for the evaluation are list-

ed alphabetically in the reference list . The recent results reported by 

Rettich e t  a Z .  ( 2 2 )  are at least an order of magnitude more precise than 

the data reported in any other papers . Seven papers published prior to 

1981 were judged to contain more reliable data ( 3 ,  4 ,  7 ,  20 , 2 8 , 31 , 32 )  

than the other papers . A linear regression of the 36 data points in the 

274  to 313 K temperature interval from the seven papers gave the equation 

ln x1 = -78 . 1584  + 104 . 4 791/T + 2 9 . 7802 ln T ( 1) 

with a standard deviation of 0 . 0050 in ln x1 or about 0 . 50 percent in x1 at 

the middle of the temperature range.  The sixteen data points from Rettich 

et a Z .  ( 2 2 )  give the equation for the 275 to 328 K temperature range of 

ln x1 = -115 . 64 7716 + 155 . 575631/T + 6 5 . 2552591 ln T - 6 . 616 975729 T ( 2 )  

with a standard deviation in x1 of  0 . 0 56 percent . I n  both equations T = 

(T/100 K) . In Equation (1) the mole fraction solubility , x1 , is for a par

tial pressure of 0 . 101325 MPa methane . In Equation ( 2 )  the mole fraction 

is for a fugacity of 0 . 101325 MPa methane . Rettich e t  a Z .  ( 2 2 )  used a rig

orous thermodynamic approach described in their paper to convert their 
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experimental measurements to mole fraction solubility values .  The mole 

fraction solubilities calculated from Equation ( 2) are 1 - 2 percent larger 

at 273 . 15 K and 0 . 2 0  percent larger at 313 K .  Both equations have been ex

trapolated to 373 K .  At the larger temperatures Equation ( 2) gives smaller 

solubility values than Equation (1) .  A t  373 K Equation ( 2) gives a solubil-

ity value that is eleven percent smaller than the value calculated from 

Equation ( 1) .  Table 1 contains the smoothed data calculated from Equation 

( 2) .  Equation ( 2) and the data smoothed a t  5 K intervals from 273 . 15 to 

3 28 . 15 K are reaommended values of the mole fraction solubility of methane 

in water at a fugacity of 0 . 10132 5  MPa . The extrapolated values between 

3 3 3 . 15 and 373 . 15 K are tentative. Also given in Table 1 are ideal gas 

Ostwald coeffic ients and enthalpy , entropy and constant pressure heat capa-

c ity changes for the trans fer of one mole of methane from the gas phase to 

the infinitely dilute solution in water . The mole fraction solubility at 

0 . 1013 2 5  MPa fugacity methane shows a minimum at 3 6 3  K .  

Recently Crovetto e t  a Z .  ( 9) measured the solubility o f  methane in 

water from 297 to 518 K over a fugacity range of 1 . 3 to 6 . 5  MPa with an es-

timated precision in the Henry ' s  constant of 1 - 2 percent . The evaluator 

computed mole fraction methane solubility values in water at a partial pres-

sure of 0 . 101325  MPa assuming Henry's law is obeyed . The seven values from 

the work of Crovetto e t  a Z .  ( 9) were combined with the 16 values of Rettich 

et a Z .  ( 2 2) in a linear regression to yield the equation for the mole frac-

tion solubility of methane at a partial pressure of 0 . 10132 5  MPa (1 atm) 

over the 273 . 15 to 5 2 3 . 15 temperature range of: 

ln x1 = - 9 9 . 1418 8 + 13 2 . 8 21/T + 51. 914 4 5  ln T - 4 . 2 5 8 31 T ( 3) 

where again T = ( T/100 K) . The standard deviation in ln x1 is 0 . 015, and 

the percent error in x1 at the middle o f  the temperature range is 1 . 5 per

cent. Smoothed tentative values of the mole fraction solubility and the 

thermodynamic changes on solution at 10 K intervals from 273 . 15 to 5 2 3 . 15 K 

are given in Table 2 .  Equation ( 3 )  and the smoothed data in Table 2 are 

for the use of workers who need values in the 373 to 5 2 3  K temperature range 

at a methane partial pressure of 0 . 1013 2 5  MPa . For values at larger partial 
pressures see the evaluation of high pressure methane in water solubility data . 
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TABLE 1 .  Solubility of  methane in  water at  a methane partial pressure of 
0 . 101325 MPa . Recommended a values of the mole fraction and 
Ostwald solubility , and of the partial molar thermodynamic 
changes on solution as a function of temperature . 

T/K Mol Fraction Ostwaldb 
Coefficient 

Recommended 

273 . 1 5 
278 . 1 5 
28 3 . 1 5 
288 . 1 5 
2 9 3 . 1 5 
2 98 . 1 5 
30 3 . 1 5 
3 08 . 1 5 
313 . 1 5 
318 . 1 5 
323 . 1 5 
328 . 1 5 

Tentative 

33 3 . 15 
3 3 8 . 1 5 
34 3 . 1 5 
34 8 . 1 5 
353 . 1 5 
358 . 1 5 
36 3 . 15 
368 . 1 5 
373 . 1 5 

4 . 6 6 6 6  
4 . 0221 
3 . 51 9 2  
3 . 12 24 
2 .  8 06 2 
2 . 5 5 2 3  
2 .  34 6 9  
2 . 1 8 0 2  
2 . 04 4 5  
1 . 9 3 4 0  
1 .  8 4 4 2  
1 . 7 7 17  

1 .  7138  
1 . 6 6 8 3  
1 . 6 3 3 6  
1 .  6 0 8 2  
1 .  5911 
1 .  5815 
1 .  5 7 8 5  
1 .  5 8 1 7  
1 . 5 9 0 5  

0 . 058 055 
0 . 050959  
0 . 0 4 5 3 7 7  
0 . 0 4 0 9 4 6  
0 . 0 3 7 4 0 5  
0 . 0 3 4 5 5 9  
0 . 0 3 2 2 6 7  
0 . 0 3 0 4 2 0  
0 . 0 2 8 9 3 6  
0 . 027 752 
0 . 026821  
0 . 026103  

0 . 025569  
0 . 025 196  
0 . 024 9 6 6  
0 . 024 8 6 2  
0 . 0 2 4 8 7 3  
0 . 024 9 9 0  
0 . 025206  
0 . 025513  
0 . 0 2 5 9 0 9  

-19 . 4 26 
-18 . 1 27  
- 1 6 . 8 54 
-15 . 6 06 
-14 . 38 4  
- 1 3 . 188 
- 1 2 . 018 
-10 . 8 7 3  
- 9 . 754 
- 8 . 6 6 0  
- 7 . 5 92 
- 6 . 5 50  

- 5 . 533 
- 4 . 54 2  
- 3 .  577  
- 2 . 6 3 7  
- 1 . 72 3  
- 0 . 835  
+ 0 . 0 28 

0 . 8 6 5  
1 .  676  

-154 . 0  
-14 9 . 3  
-1 4 4 . 8  
-1 4 0 . 4  
-136 . 2  
-132 . 2  
-128 . 3  
-124 . 5  
-120 . 9  
-117 . 5  
-114 . 1  
-110 . 9  

-107 . 9  
-104 . 9  
-102 . 1  
- 9 9 . 3  
- 9 6 . 7  
- 94 . 2  
- 91 . 9  
- 8 9 . 6  
- 8 7 . 4  

2 6 2 . 3  
25 7 . 2  
2 52 . 1  
24 6 . 9  
241 . 8  
236 . 7  
2 31 . 5  
226 . 4  
22 1 . 3  
21 6 . 1  
21 1 . 0  
205 . 9  

2 0 0 . 8  
19 5 . 6  
190 . 5  
185 . 4  
180 . 2  
175 . 1  
170 . 0  
16 4 . 9  
159 . 7  

a The data are classed as recommended over the 273 . 1 5 to 328 . 1 5 K tempera
ture interval of the experimental data . The extrapolated data over the 
3 3 3 . 15 to 3 73 . 1 5 K temperature interval are classed as tentative . 

b The Ostwald coefficients were not corrected for non-ideal behavior . 
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Wright State University 
Dayton, OH 4 5 4 3 5  USA 

19 8 5, January 

TABLE 2 .  The solubility o f  methane in water at unit fugacity . Tentative 
values of the mole fraction solubility, and thermodynamic changes 
on solution as a function of temperature between 273 . 15 and 
52 3 . 15 K .  Values based on the experimental data of Rettich e t  a Z .  
( 2 2 )  and Crovetto e t  a Z .  ( 9 ) . The Crovetto e t  a Z .  data were ex
trapolated to a pressure of 0 . 1013 2 5  MPa assuming Henry ' s  law is 
obeyed . 

T/K 

273 . 15 
2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

30 3 . 15 
313 . 15 
3 2 3 . 15 
333 . 15 
34 3 . 15 

35 3 . 15 
3 6 3 . 15 
373 . 15 
3 8 3 . 15 
3 9 3 . 15 

4 03 . 15 
413 . 15 
4 2 3 . 15 
4 3 3 . 15 
4 4 3 . 15 

4 5 3 . 15 
4 6 3 . 15 
473 . 15 
4 8 3 . 15 
4 9 3 . 15 

5 0 3 . 15 
513 . 15 
5 2 3 . 15 

Mol Fraction 

4 . 6 2 5  
3 . 5 07 
2 . 8 0 3 

2 . 55 0  

2 . 344  
2 . 037 
1. 8 32 
1 .  6 9 5  
1 .  6 0 9  

1 .  5 6 0  
1 .  5 4 2  
1 .  5 4 8  
1 . 5 77 
1 . 6 2 5  

1 . 6 91 
1 . 776 
1 . 878 
1. 9 9 8  
2 . 137 

2 . 29 5  
2 .  4 72 
2 . 670 
2 . 8 8 9  
3 . 131 

3 . 3 9 5  
3 . 68 3  
3,9 9 5  

2 2 . 6 6 9  
24 . 14 9  
2 5 . 54 9  

2 6 . 219 

2 6 . 871 
28 . 13 2  
2 9 . 307 
3 0 . 4 28 
31 . 4 91 

3 2 . 4 9 8  
3 3 . 4 5 4  
34 . 3 6 2  
3 5 . 2 2 6  
3 6 . 0 4 7  

3 6 . 8 2 9  
37. 575 
3 8 . 2 8 8  
38 . 9 6 9  
3 9 . 621 

4 0 . 2 4 7  
4 0 . 8 4 8  
4 1 . 4 27 
41 . 9 8 6  
4 2 . 5 2 6  

4 3 . 04 9  
4 3 . 5 57 
4 4 . 0 5 2  

-18 . 947 
-16 . 6 0 0  
-14 . 3 2 4  

-13 . 213 

-12 . 119 
- 9 . 9 8 5  
- 7 . 9 2 2  
- 5 . 9 2 9  
- 4 . 007 

- 2 . 15 6  
- 0 . 375 
+ 1. 334 

2 . 973 
4 . 541 

6 . 0 3 8  
7 .  4 64 
8 . 819 

10 . 104 
11 . 318 

12 . 4 61 
13 . 53 3  
14 . 5 34 
15 . 4 6 5  
16 . 3 2 5  

17 . 113 
17. 8 32  
18 . 479 

-152 . 4  
-14 3 . 9  
-13 6 . 0  

-132 . 3  

-128 . 6  
-121 . 7  
-115 . 2  
-109 . 1  
-103 . 4  

- 98 . 1  
- 9 3 . 2  
- 8 8 . 5  
- 8 4 . 2  
- 8 0 . 1  

- 76 . 4  
- 72 . 9  
- 6 9 . 6  
- 6 6 . 6  
- 6 3 . 9  

- 6 1 . 3 
- 59 . 0  
- 5 6 . 8  
- 54 . 9  
- 53 . 1  

- 51 . 5  
- 5 0 . 1  
- 4 8 . 9  

b.C0 I 1?1 
J K-1 mol-1 

2 3 8 . 2  
2 31 . 1  
2 2 4 . 1  

2 2 0 . 5  

217 . 0  
2 0 9 . 9  
2 0 2 . 8  
19 5 . 7  
18 8 . 6  

181 . 6  
174 . 5  
167 . 4  
16 0 . 3  
153 . 2  

14 6 . 2  
139 . 1  
132 . 0  
124 . 9  
117 . 8  

110 . 8  
103 . 7  

9 6 . 6  
8 9 . 5  
8 2 . 4  

75 . 4  
68 . 3  
6 1 . 2 



Water: Partial Pressure of Methane of 0.1 01 325 MPa 

COMPONENTS : 

( 1 )  Methane1 CH41 [ 74-82-8 ]  

( 2 )  Water1 H2o, [ 773 2-18- 5 ]  

CRITICAL EVALUATION: 

EVALUATOR: 

Rubin Battino· 
Department of Chemistry 
Wright State University 
Dayton , OH 4 5 4 3 5  USA 

198 5 , January 
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6 Water: Partia l Pressure of Methane of 0. 101 325 MPa 

COHPONENTS : 

( 1 )  Methane1 CH4 ; [ 74-8 2-8 ] 

( 2 )  Water 1 H2o ;  [ 77 32-18-5 ]  
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EVALUATOR: 
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1 9 8 5 , January 
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Water: Partial Pressure of Methane of 0. 1 0 1 325 MPa 7 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2- 8 ]  

( 2 )  Water ; H2o ;  [ 7 732 -18- 5 ]  

VARIABLE S :  
T/K = 279 . 3 5 - 2 9 8 . 7 5 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Bunsen , R .  w •. 

Ann . Chern . Pharrn . 1855, 9 3, 1-50 . 

[ The Journal ' s  title later changed 
to J .  Liebigs Ann . Chern . ] 

P REPARED BY : 

H .  L .  Clever 

Temperature Mol Fraction Bunsen Coe ffic ient 

1 0 2 a/cm 3 (STP ) cm- 3 atm- 1  t/ ° C 
---

6 . 2  
9 . 4  

12 . 5  
18 . 7  
2 5 . 6  

T/K 

279 . 3 5 
28 2 . 5 5 
2 8 5 . 6 5  
2 9 1 . 8 5 
2 98 . 7 5  

3 . 8 21 
3 . 5 87  
3 . 3 26 
2 . 8 9 4  
2 . 522 

4 . 742  
4 . 4 5 1  
4 . 126 
3 . 5 8 6  
3 . 121 

The compiler calculated the Kelvin temperature and the mole 
fraction solubility values . 

The complete paper was translated into English by a Mr . Roscoe and 
published by Bunsen ( 1 ) . Two long abstracts of the paper were published 
( 2 ,  3 ) . One was translated into French by M .  Verdet ( 2 ) . The two abstract! 
presented only the interpolation formula and a table of smoothed values 
at one degree intervals from 0 to 20 ° C .  The complete set of experimental 
values , the interpolation equation and smoothed values are also given in 
Bunsen ' s  book on gasometric methods ( 4 ) . 

Bunsen ' s  interpolation equation for the data is 

The paper reports solubility measurements of nitrogen , hydrogen , methane , 
ethane , ethene , carbon monoxide , oxygen and air in water made chiefly by 
a Dr . Pauli . Only the methane data agree well with modern values . 

AU XI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Bunsen ' s  original apparatus and 
procedure were used . They are 
described in detail in the paper . 

Many of the data reported in this 
paper are of only hi storical interest.  
The methane solubility values have 
stood the test of time fairly well . 
They are within 2 to 5 percent of 
modern values . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Natural gas sample from 
the mud-volcanoes of Bulganack 
in the Crimea . Treated with K to 
remove C02 . 

( 2 )  Water . Boi led briskly under 
vacuum to remove dissolved air . 
Transferred to the apparatus 
without contact with air . 

REFERENCES : 

1 .  Bunsen , R .  W .  Phi Z .  Mag . 1 8 55, 9,  
1 1 6- 3 0 , 1 8 1-20 1 ,  plus plat� 

2 .  Bunsen, R .  W .  Ann . Chirn.  Phya . [ 3 ]  
18 55, 4 3, 4 9 6- 508 . 

3 .  Bunsen , R .  W .  Arch . S ci .  Phys . 
Na t .  [ 1 ]  1855 , 2 8 ,  235-

4 .  Bunsen, R .  W .  
GASOMETRIS CHE ME2H ODEN, II Ausgabe 
Braunschwei g ,  1858 , p .  2 14 . 



8 Water: Partia l Pressure of Methane of 0. 101 325 MPa 

COMPONENTS : 

{ 1 )  Methane ; CH4 ; [ 74-8 2-8 ] 

( 2 )  Water ; H 2o ;  [ 7 7 3 2-18- 5 ]  

EXPERIMENTAL VALUES :  

Temperature Pressure 

t/ ° C T/K pl /mmHg 
--

0 . 25 27 3 . 4 0 4 3 1 . 8 1  
0 . 3 0 27 3 . 4 5 4 3 1 .  9 0  
0 . 2 3 2 7 3 . 3 8 4 4 4 . 58 
0 . 27 27 3 . 4 2 4 4 4 . 5 5 
0 . 28 2 7 3 . 4 3 4 4 4 . 6 2 

9 . 9 8 2 8 3 . 13 4 6 9 . 59 
10 . 0 0 2 8 3 . 15 4 6 9 . 4 2  
10 . 0 0 2 8 3 . 15 4 6 9 . 71 

2 0 . 08 293 . 2 3 50 5 . 4 6 
2 0 . 0 0  293 . 15 505 . 2 6 
2 0 . 00 2 9 3 . 15 50 5 . 0 9 
19 . 9 8 2 9 3 . 13 5 04 . 9 9 
2 0 . 05 2 9 3 . 2 0 505 . 19 
2 0 . 02 2 9 3 . 17 505 . 3 4 
2 0 . 0 0 293 . 15 523 . 8 6 
2 0 . 00 2 9 3 . 1 5 523 . 6 6  
2 0 . 0 0  2 9 3 . 15 523 . 8 6 

2 9 . 9 5 303 . 10 538 . 9 0 
3 0 . 10  303 . 2 5  539 . 2 5 
3 0 . 0 0  2 0 2 . 15 539 . 10 

4 0 . 02 313 . 17 57 3 . 54 
4 0 . 0 3 313 . 18 573 . 9 5 
4 0 . 00 3 1 3 . 15 573 . 77 

5 0 . 0 8 323 . 2 3 6 0 8 . 54 
50 . 0 0  323 , 15 6 08 . 24 
5 0 . 00 3 2 3 . 15 6 0 8 . 54 

6 0 . 03 3 33 . 18 6 4 4 . 6 9 
59 . 9 3 3 33 . 0 8 64 5 . 77 
6 0 . 00 333 . 15 6 4 4 . 4 5 
59 . 9 5 333 . 10 6 7 6 . 4 9 
6 0 . 02 333 . 17 6 7 6 . 2 3 
59 . 95  333 . 10 6 7 6 . 6 5 

7 0 . 0 0 34 3 . 15 6 8 2 . 54 
70 . 00 3 4 3 . 15 6 8 3 . 94 
7 0 . 05 34 3 . 2 0 6 8 4 . 12 

8 0 . 00 353 . 15 72 5 . 54 
8 0 . 02 3 5 3 . 17 7 2 2 . 20 
7 9 . 9 7 353 . 12 721 . 4 4 

ORIGINAL MEASUREMENTS : 

Winkler , L .  w .  

Chern . fu :r> .  1901, 34,  1408- 2 2 . 

Water Methane Bunsen 
Volume Volume (STP) Coefficient 

v2;cm3 v1 ;cm 3 10 2 a/cm3 (STP) cm- 1 atm- 1  

2 0 6 6 . 4 3 6 4 . 9 0 5 . 528  
2 0 6 6 . 4 3 6 4 . 8 6  5 . 523  
2 0 9 8 . 12 6 7 . 6 9 5 . 515 
2 0 9 8 . 12 6 7 . 6 9 5 . 516  
2 0 9 8 . 12 6 7 . 6 5 5 . 511 

2 0 6 6 . 7 1  53 . 3 5 4 . 17 8  
2 0 6 6 . 7 1 53 . 4 3 4 . 18 6  
2 0 6 6 . 7 1 53 . 28 4 . 17 1  

2 0 6 9 . 7 8 4 5 . 5 2 3 . 307  
2 0 6 9 . 7 5 4 5 . 5 8 3 . 312  
2 0 6 9 . 7 5 4 5 . 6 8  3 . 3 2 1  
2 0 6 9 . 7 5 4 5 . 54 3 . 311 
2 06 9 . 7 7 4 5 . 4 9 3 . 3 0 5  
2 0 6 9 . 7 6 4 5 . 3 9 3 . 2 9 8  
2101 . 4 9 4 7 . 8 3 3 . 302  
2101 . 4 9 4 7 . 8 8 3 . 307 
2 1 01 . 4 9  4 7 . 7 9 3 . 29 9  

2 0 7 4 . 9 2 4 0 . 67 2 . 7 6 4  
2 07 5 . 0 0 4 0 . 6 5 2 . 7 6 1  
2 0 7 4 . 9 5 4 0 . 61 2 . 7 5 9  

2 0 8 2 . 09 37 . 3 1 2 . 37 5  
2 0 8 2 . 10 37 . 15 2 . 3 6 3  
2 0 8 2 . 0 8 37 . 2 1 2 . 367 

2 0 9 0 . 9 3 35 . 7 0  2 . 13 2  
2 0 9 0 . 8 6 3 5 . 7 7 2 . 137 
2 0 9 0 . 8 6 3 5 . 6 5  2 . 129 

2 1 0 1 . 14 3 5 . 0 9 1 .  9 6 9  
2101 . 04 34 . 61 1 .  9 3 9  
2101 . 11 3 5 . 2 0 1 . 977 
2133 . 2 9 36 . 9 3 1 .  9 4 5  
2133 . 4 7 37 . 07 1 .  9 5 3  
2133 . 2 9 3 6 . 87 1 .  9 4 1  

2112 . 7 8 3 5 . 0 3  1 .  8 4 6  
2112 . 7 8 34 . 4 5 1 .  8 1 6  
2112 . 8 4 34 . 4 3 1 . 8 1 1  

2 1 2 5 . 8 2 3 5 . 7 8 1 . 7 6 3  
2125 . 8 4 3 5 . 69  1 .  767  
2 1 2 5 . 7 9 3 5 . 91  1 .  779  



Water: Partial  Pressure of Methane of 0. 1 01325 M Pa 9 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82 -8 ] 

( 2 )  Water ; H2o ;  [ 77 32-18-5]  

VARIABLE S :  
T/K = 

p 1 /kPa = 

EXPERIMENTAL VALUES : 

27 3 . 3 8 - 3 5 3 . 17 
57 . 570  - 9 6 . 7 3 1  

ORIGINAL MEASUREMENTS : 

Winkler , L .  w .  

Che rn .  B e r .  1901�  54�  1408-2 2 .  

PREPARED BY : 

H .  L .  Clever 

The temperatures and Bunsen coefficients below are the average values 
given by Winkler from the experimental data on the preceeding page . 

Temperature Mol Fraction Bunsen Ostwald 
Coefficient Coefficient 

t/ ° C T/K 10 5x1 10 2 a/cm 3 (STP) cm- 3atm- 1  10 2 L/cm 3 cm- 3 
---

0 . 27 2 7 3 . 4 2  4 . 4 5 1 5 . 519 5 . 524 
9 . 9 9 2 8 3 . 14 3 . 4 9 0  4 . 17 8  4 . 3 31 

2 0 . 01 29 3 . 1 6 2 . 8 6 4  3 . 3 07 3 . 54 9  
3 0 . 0 2  3 0 3 . 17 2 . 4 7 9  2 . 7 61 3 . 06 4  
4 0 . 02 313 . 17 2 . 2 0 5  2 . 368  2 .  7 1 5  
5 0 . 03  32 3 . 1 8 2 . 0 5 8 2 . 133 2 . 524 
59 . 9 8  333 . 1 3 1 .  9 5 3  1 .  9 54 2 . 38 3  
7 0 . 02 34 3 . 1 7 1 .  8 8 9  1 .  8 2 5  2 . 2 93  
80 . 0 0 353 . 1 5 1 .  8 9 7  1 .  7 7 0  2 . 288  

The mole fraction solubility at 101 . 32 5  kPa methane partial pressure 
was calculated by the compi ler us ing a methane molar volume of 
22 , 3 6 0 . 4  cm 3 (STP ) mol- 1 

The Ostwald coeff icients were calculated by the compiler . The Kelvin 
temperatures were added by the compiler. 

AUXILI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

The original Bunsen absorption 

SOURCE AND PURITY OF MATERIALS : 

( l ) Methane . Prepared by the 
decomposi tion of dimethyl zinc 
by air free water . 

method (ref 1 )  was used . The ( 2 )  Wate r .  Distil led . 
method and apparatus are describe 
in earlier papers (ref 2 ) . 

ESTIMATED ERROR: 

6T/K = ± 0 . 0 1 
o a/a ± 0 . 01 (compiler) 

REFERENCES : 

1 .  Bunsen , R .  W .  
Gasorne trisahe Me thoden� 2nd . ed . , 
Braunschweig , 18 5 8 .  

2 .  Winkler , L .  w .  
Chern . Ber.  1893�  24�  � 3 6 0 2 . 



10  Water:  Partia l Pressure of  Methane of  0. 101 325 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane 1 CH4 1 [ 74-82-8 ] 

2 .  Water1  H 2 0 1  [ 7 7 32-18-5]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

Wetlaufer , D .  B . 1 Malik, S .  K . 1 
Stoller , L . 1 Coffin , R .  L .  
J . A m .  Chern. Bo a .  

1 9 6 4 , 8 6 , 5 08-514 . 

PREPARED BY : 

c . L .  Young 

* 
Mole fraction 

T/K 10 3 Cone . of methanet 
in soln. /mol dm- 3 

of methane 
a:CH4 

278 . 2  
2 9 8 . 2  
318 . 2  

0 . 0 0 2 19 
0 . 00141  
0 . 0 0 107 

0 . 0 0 0 0 3 9 6  
0 . 0000255  
0 . 0 0 0 01 9 3  

t a t  a partial pressure of 101 . 3  kPa . 

* 
calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Modified Van Slyke-Neill apparatus 
fitted with a magnetic stirrer . 
Solution was saturated with gas 
and then sample transferred to the 
Van Slyke extraction chamber . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson c . p .  grade , purity 
99 mole per cent or better . 

2 .  Distilled. 

ESTIMATED ERROR: 

REFERENCES : 



Water: Pa rtial Pressure of Methane of 0.1 0 1 325 MPa 

COMPONENTS : 

( 1 )  Methane : CH4 : [ 74-B2-B ]  

( 2 )  Water : H20 :  [ 7 732-lB-5 ] 

VARIABLES : T/K = 2 B5 . 1  - 34B . 4  
p 1/kPa = l 0 l . 325 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction 

t/ ° C T/K 1 0 5x 1 
-- ---

11 . 9  2 B5 . 1  3 . 215 
J-4 . 7  2 B 7 . 9  3 . 014 
20 . 5  293 . 7  2 . 65 5  
2 5 . 2  2 9 B . 4  2 . 4 2 2  
3 5 . 0  3 0 B . 2  2 . 0 4 2  
4 1 . 0 314 . 2  1 .  9 1 9  
4 6 . B  32 0 . 0  1 .  B O B  
5l . B  325 . 0  1 .  722 
6 2 . 3  335 . 5  1 .  6 0 0  
71 . 5  3 4 4 . 7  1 .  539  
75 . 2  34B . 4  1 . 51B 

ORIGINAL MEASUREMENTS : 

Morrison , T .  J � : Billett , F .  

J .  Chern. Boa .  1 9 5 2 ,  3Bl9  - 2 2 .  

PREPARED BY : 
H .  L .  Clever 

Solubility 

B/cm3 ( STP ) kg- 1  

39 . 9 0 
3 7 . 4 1 
32 . 9 6 
3 0 . 06 
25 . 3 5 
2 3 . B 2 
22 . 4 4 
2 1 .  3 B  
1 9 . B6 
19 . 10 
1 B . B 4 

a The compiler calculated the mole fraction solubility 
at 101 . 3 25 kPa ( 1  atm) using the real gas molar volume 
of 2 2 , 3 6 0 . 4  cm 3 at standard conditions o f  2 7 3 . 15 K and 
1 0 1 . 325  kPa . 

b The solubility reported by the authors is the same as 
10  times the Kunen coefficient , or 10 3 s/cm 3 ( STP) g- 1 • 

The authors gave the smoothing equation ( ref 1 ) . 

log 1 0 (B/cm3 ( STP) kg- 1 ) = -77 . 0 67  + 4 0 90/ ( T/K) + 2 6 . 20 log 1 0 (T/K) 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

1 1  

The original apparatus was des
cribed in references (1 , 2 ) . Degassec 
solvent flows in a thin film 

( 1 )  Methane . Prepared by the authors 
from Grignard reagent . 

through the gas down an absorption 
helix . The gas absorbed and the 
solvent volume used are read on 
burets . 

NOTE : In the authors earlier paper 
(ref 2 )  they report five methane 

solubility values in water at 2 9 B . 2  
± 0 . 1  K o f  27 . 9 ,  2 7 . B ,  27 . 9 ,  27 . B  
and 27 . 9  cm 3 dm- 3 (gas volume at STP 
The results are about 7 per cent 
smaller than the results reported 
in this paper . They are considered 
preliminary results and no data 
sheet was prepared for them. 

( 2 )  Water . Distilled . 

ESTIMATED ERROR: 

Q T/K = ± 0 . 01 
oB/B = ± 0 . 0 1 (compiler ) 

REFERENCES : 
1 .  Morrison , T .  J .  

J. Chern.  Boa .  1952,  3Bl4 . 
2 .  Morri son , T .  J . ; Billett , F .  

J .  Chern . Boa .  1 9 4 B ,  2 0 3 3 . 



1 2  Water: Partia l Pressure of Methane of 0. 101 325 MPa 

COMPONENTS : 

( 1 )  Methane 7 CH4 7 [ 7 4-82-8 ] 

( 2 )  Water J H20 J  [ 77 32-18-5 ] 

ORIGINAL MEASUREMENTS : 

Claussen , W .  F . ;  Polglase , M .  F .  

J .  Am . Chern . S o a .  1952,  74 ,  4 8 17-9 . 

VARIABLES : T/K 2 7 4 . 8  - PREPARED BY : = 312 . 8  
p1 /kPa = 1 0 1 .  3 2 5  H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction Bunsen Coefficient Ostwald 
Coefficient 

t/ ° C T/K 10 5x 1 10 2 et em 3 ( STP ) em- 3 10 2 L/cm 3 cm- 3 
atm- 1 

-- ---

1 . 6  2 74 . 8  5 . 52 ,  5 . 4 2 
4 . 4 1 Av. 5 . 4 7 5 . 50 

2 . 0  2 7 5 . 2  5 . 4 2 ,  5 . 3 8 ,  5 . 3 2 
4 . 3 3 Av . 5 . 38 5 . 4 2 

10 . 5  2 8 3 . 7  4 . 2 5 ,  4 . 2 9 ,  4 . 28 
4 . 3 16 , 4 . 251 

3 . 4 5 Av . 4 . 2 8 4 . 4 4 

19 . 8  2 9 3 . 0  3 . 4 8 8 , 3 . 251 , 3 . 509  
2 . 8 3 Av . 3 . 51 3 . 7 6 

3 0 . 4 3 03 . 6 2 . 8 8 6 ,  2 . 8 9 7  
2 . 3 4 Av . 2 . 89 3 . 21 

3 9 . 6  312 . 8  2 . 54 2 , 2 . 5 6 3  
2 . 07 Av . 2 . 5 5 2 . 92 

The authors reported the Bunsen coefficients and their average . The 
compiler calculated the mole fraction and the Ostwald coefficient 
values . A methane volume of 2 2 , 3 6 0 . 4  cm3 STP ) mol- 1  was used to calc
ulate the methane mole fraction at 101 . 325  kPa . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The solubility was determined by 
a micro combustion technique . 
Methane was bubbled through the 
water via a sintered glass disc to 
saturate the water . 

The methane in the saturated solu
tion was removed by bubbling oxygen . 
The train for analysis was composed 
of an oxygen tank to sweep out the 
dissolved gas , pressure regulators , 
mercury manometer , preheater , 
absorption u-tube containing 
ascarite and anhydrone , aerator , 
combustion tube containing copper 
oxide at 973  K ,  weighing tubes 
containing ascarite and anhydrone , 
and a Marriotte flask . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Phillips Petroleum Co . 

9 9 . 7  % with N2 the greatest 
impurity by mass spectrometry . 

( 2 )  Water . Doubly distilled . 

ESTIMATED ERROR: 

O T/K = ± 0 . 1  
cet/et = ± 0 . 01 

REFERENCES : 



Water: Partial Pressure of Methane of 0. 1 0 1 325 MPa 

COMPONENTS : 

(1 ) Methane 7 CH4 7 [ 7 4-82-8 ] 

( 2 )  Water 7 H 20 7 [ 7 7 3 2-18- 5 ]  

VARIABLES : 

ORIGINAL MEASUREMENTS : 

Lannung , A . 7 Gjaldbaek , J .  c .  

Aata Che rn .  Saand. 196 0, 1 4 ,  
1124-8 . 

PREPARED BY : 
T/K = 2 91 . 15 - 310 . 1 5 

p 1 /kPa = 101 . 325  J .  Chr . Gj aldbaek 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction Bunsen Coefficient 

t/ ° C T/K 10 3 .x 1 a/cm3 ( STP ) cm- 3 atm- 1  

--

18 291 . 15 2 . 8 2 0 . 0 3 5 0  
2 . 8 5 0 . 0354  

25 2 9 8 . 15 2 . 55 0 . 0315 
2 . 50 0 . 0310  

3 7  310 . 15 2 . 1 0 0 . 0 2 5 9  
2 . 11 0 . 0261  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

1 3  

The apparatus is a cal ibrated all
glass combined manometer and bulb 
enclosed in an air thermostat (ref 1) • 
The entire apparatus is shaken unti l 
equilibrium is reached . 

( 1 )  Methane . Generated from 
magnesium methyliodide . Purified 
by fractional distillation . 
Specific gravity corresponing 

The absorbed volume of gas is 
calculated from the initial and 
final amounts , both saturated with 
solvent vapor . The amount of solvent 
is determined by the weight of 
displaced mercury . Details in the 
reference . 

with the molecular weight 16 . 08 .  

( 2 )  Water . Redistilled . Specific 
conductivity 2 x 10- 7  (n cm) - 1 • 

ESTIMATED ERROR: 

o T/K = ± 0 . 05 
o.x1 !.x 1 = ± o . ol 5  

REFERENCES : 
1 .  Lannung , A .  

J .  Am . Che rn .  Soa .  1 9 3 0, 52, 6 8 .  



1 4  Water: Partia l Pressure of Methane of 0. 1 0 1 325 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 ) Methane ; CH4 ; [ 7 4-82- 8 ]  

( 2 )  Water ; H2o ;  [ 7 7 3 2-18- 5 ]  

Namiot , A.  Yu . 

Zh . S truk t .  K him . 1 9 6 1, 2 ,  408- 1 7 . 

*J . g trua t .  Chern . �ng Z .  Trans Z . )  
1 9 6 1 ,  2 ,  381-9 . 

VARIABLES :  PREPARED BY : 

T/K = 27 3 ,  2 8 3  
p 1 ;kpa = 1 01 . 3 

EXPERIMENTAL VALUES : 

Temperature 

0 

1 0  

273 . 1 5 

2 8 3 . 1 5 

Henry ' s  
Constant 
K /atm 

2 2 5 0 0  

2 9 0 0 0  

H .  L .  Clever 

Mol Fraction at 
One Atm (compiler) 

1 0 5x1 

4 . 4 4 

3 . 4 5  

Henry ' s  constant , K /atm = (p 1 /atm) /x 1 • 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

No experimental details are given . No details . 

The paper does not make clear 
whether these are new experimental 
values or literature values . 

The paper does contain literature 
values of the partial molar volume 
of the gas in water and other thermo
dynamic information . 

ESTIMATED ERROR: 

REFERENCES : 



Water: Partia l  Pressure of Methane of 0. 1 0 1 325 M Pa 

COMPONENTS : 

(1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  '1'1ater ; H2o ;  [ 7 73 2-18 -5 ]  

VARIABLES : 
T/K = 2 78 . 15 - 30 8 . 15 

p 1 /kPa = 101 . 325 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Wen , W . -Y . ; Hung , J .  H .  

J .  Phy s .  Chern.  1970,  7 4 ,  170 - 8 0 .  

PREPARED BY : 

H .  L .  Clever 

T/K Mol Fraction Bunsen 
Coefficient 
10 3 a/ 
cm 3 ( STP ) cm- 3 atm- 1 

Ostwald 
Coefficient 
10 3 L/ 
cm 3 cm- 3 

Kunen 
Coefficient 
10 3 8/ 
cm3 (STP) g- 1 atm- 1  

2 78 . 15 

2 8 8 . 1 5 

2 9 8 . 1 5 

3 0 8 . 15 

3 . 9 8 7  

3 . 10 0  

2 . 5 2 6  

2 . 1 3 6  

4 9 . 4 8 

3 8 . 4 6 

31 . 2 6 

2 6 . 35 

5 0 . 3 9 

4 0 . 5 7 

34 . 12 

2 9 . 7 3 

4 9 . 4 8 ± 0 . 0 8 

3 8 . 4 9  ± 0 . 11 

31 . 3 5 ± 0 . 10  

26 . 5 1 ± 0 . 0 8 

The authors reported the solubility o f  methane as cm3 ( STP ) kg- 1 • This 
is the same as 10 3 time the Kunen coefficient reported above . 

The compiler calculated the mole fraction , Bunsen coefficient , and 
Ostwald coefficients using the real gas molar volume of 22 , 36 0 . 4  
cm 3 mol- 1 for methane at standard conditions of 273 . 15 K and 101 . 3 25 
kPa ( 1  atm) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus was similar to that 

described by Ben-Naim and Baer (ref 
1 ) . Teflon needle valves were used 
in place of stopcocks . 

The apparatus consists of three 
parts , a dissolution cell of 300  to 
6 0 0  cm 3 capacity , a gas volume 
measuring column , and a manometer . 

The solvent is degassed in the 
dissolution cell , the gas is intro
duced and dissolved as the gas i s  
stirred by a magnetic stirrer . 
Dis solution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

M-B 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson co . ,  Inc . 
Stated to be better than 9 9 . 9  
percent pure . 

( 2 )  Water . Distilled from an all 
glass apparatus . Specific 
conductivity 1 . 5  x 10 - 6 

(ohm em) - l 

ESTIMATED ERROR: 

o S/S = ± 0 . 00 3  
o T/K = ± 0 . 0 0 5  

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , s .  
Trans . Faraday Soa .  1963,  5 9 ,  
2735 . 

1 5  



1 6  Water: Partia l Pressure of Methane of 0. 1 0 1 325 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane i CH4 i [ 7 4-8 2-8 ] 

( 2 )  Water i H2o ;  [ 7 7 3 2-18-5]  

Ben-Naim , A . ; Wilf , J . i Jaacobi , M .  

J .  Phy s . Chern . 1 9 7 3 ,  7 7 ,  9 5  - 102 . 

VARIABLES : 
T/K = 2 7 8 . 15 - 2 9 8 . 15 

p 1 /kPa = 10 1 . 3 2 5  

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction Ostwald 
Coefficient 

t/ 0 c T/K 10 5x1 L/cm 3 cm- 3 
--

5 2 7 8 . 15 3 . 9 7 0 . 0 5 0 2  
1 0  2 8 3 . 15 3 . 4 8 0 . 0 4 4 8  
1 5  2 8 8 . 15 3 . 10 0 . 0 4 0 5  
2 0  2 9 3 . 15 2 . 7 8 0 . 0 3 7 0  
2 5  2 98 . 15 2 . 53 0 . 0 3 4 2  

The compiler added the Kelvin temperatures . 

The compiler calculated the mole fraction solubilities 
for 1 atm ( 101 . 3 2 5  kPa) using real methane molar 
volumes . The real molar volumes increased the mole 
fraction solubility by about 0 . 2 2 percent.  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The method of Ben-Naim and Baer 
(ref 1) was used . The apparatus 

was modified by the addition of 
Teflon stopcocks .  

The degassed solvent in a volu
metric container is forced by a 
stirrer created vortex up side arms 
and through tubes containing solvent 
vapor saturated gas . The gas uptake 
is deterimned on a buret at constant 
pressure . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson Co . , Inc . 
Purity 9 9 . 9 7  percent . 

( 2 )  Water . Doubly distilled . 

ESTIMATED ERROR: 

o L/L = ± 0 . 0 0 5  (compiler) 

REFERENCES : 

1 .  Ben-Naim , A. i Baer , s .  
Trans . Faraday S oa .  1963,  5 9 ,  
2 7 3 5 .  



Water: Partial Pressure of Methane of 0. 1 0 1 325 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Water ; H2o ;  [ 7 7 3 2-18-5 ]  

VARIABLES : 
T/K = 2 8 3 . 15 - 303 . 15 

p 1 /kPa = 101 . 325 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ben-Naim, A. ; Yaacobi , M .  

J .  Phy s .  Chern.  19 7 4 .  7 8 .  1 7 0  - 5 .  

PREPARED BY : 

H .  L .  Clever 

Temperature Mol Fraction Ostwald 
Coefficient 

t/ °C  T/K 10 5.x 1 L/cm3 cm- 3 
--

10  2 83 . 15 3 . 4 82  0 . 0 4480  

15  2 8 8 . 15 3 . 096  0 . 04051 

20 293 . 15 2 . 7 8 1  0 . 03700 

25 298 . 15 2 . 530 0 . 03420  

30 303 . 15 2 . 3 2 6  0 . 03192 

a Mole fraction solubility at 101 . 3 2 5  kPa ( 1  atm) 
partial pressure methane calculated by the compiler 
using the second viral coefficient of methane . The 
values are about one per cent larger than the 
values obtained when ideal gas behavior is assumed . 
b The same Ostwald coefficients appear in the author ' s  

paper Yaacobi , M. ; Ben-Naim, A.  J .  So Z n .  Chern.  1973 .  
2 .  425 . They appear to be  the same as  published ny-
Ben-Naim , Wilf and Yaacobi J. Phy s .  Chern.  1973 .  77 .  
95 ,  and by Yaacobi and Ben-Naim J .  Phy s .  Chern . 1974 .  
78 . 175 , but the values are rounded to three digits in 
the two papers . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Used the method of Ben-Naim 
and Baer (ref 1 )  as modified by 
Wen and Hung ( ref 2 ) . Degassed 
liquid in a volumetric container 
is forced by a stirrer created 
vortex up side-arms and through 
tubes containing gas saturated 
with liquid . Gas absorption is 
measured on a buret at a constant 
gas pressure . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson Co . ,  Inc . 
Stated to be 9 9 . 97 per cent 
methane . 

( 2 )  Water . Passed through an ion 
exchanger and double distilled . 

ESTIMATED ERROR: 
oL/L = ± 0 . 005  (compiler ) 

REFERENCES : 
1 .  Ben-Naim, A. ; Baer , s .  

1 7  

T�an s .  Fa�aday So a .  196 3. 59. 2735  

2 .  Wen , W . -Y . ; Hung , J .  H .  
J .  Phy s .  Che rn .  1970.  7 4 .  170 . 



1 8  Water: Partial Pressure o f  Methane of 0.1 01325 M Pa 

COMPONENTS : 

{ 1 )  Methane : CH4 : [ 7 4-82-8 ] 

{ 2 )  Water : H2o :  [ 7 7 3 2-18- 5 ]  

VARIABLES : 
T/K = 2 9 8 . 15 

P 1/kPa = 10 1 . 3 2 5  

EXPERIMENTAL VALUES : 

Temperature 

2 5 . 0  2 9 8 . 15 

Solubility/ 

cm 3 { STP ) kg- 1  

3 1 . 67  

ORIGINAL MEASUREMENTS : 

Moudgil , B .  M . : Somasundaran , P . : 
Lin , L .  J .  

Re v. S ai .  I ns trum . 1974,  4 5 ,  4 0 6- 9 .  

PREPARED BY : 

H .  L .  Clever 

Mol Fraction 

2 . 54 6  

Ostwald 
Coefficient 

L/cm 3 em- 3 

0 . 0 3 4 4 7  

The mole fraction and Ostwald coefficient values were calculated 
by the compiler assuming ideal gas behavior . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The apparatus is based on the 
design of Ben Nairn and Baer { 1 ) . The 
apparatus consists of an absorption 
cell , a gas measuring column and the 
pressure control system.  

The pressure control system is  
automated .  

SOURCE AND PURITY OF MATERIALS : 

{ 1 )  Methane . Matheson Co . ,  Inc . 
Stated to be 9 9 . 9  percent . 

{ 2 )  Water . Triple distilled , specific 
conductivity 1 . 5  x lo- 6 n- 1 em- ! 

ESTIMATED ERROR: oT/K = ± 0 . 1  
op/kg cm- 2 = ± 0 . 1  

Maximum error ± 0 . 4  percent 
{authors ) 

REFERENCES : 

1 .  Ben Nairn , A. : Baer , s .  
Trans . Faraday S oa .  1 9 6 3 ,  5 9 ,  
2 7 3 5 . 



Water: Partia l  Pressure of Methane of 0. 1 0 1 325 M Pa 

COHPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 74-8 2-8 ] Yamamoto , S .  ; · Alcauskas , J .  B . ;  
Crozier , T .  E .  

( 2 )  Water ; H20 ;  [ 7 732-18-5]  
J .  Chern . Eng . Da ta 1 9 7 6, 2 1 , 78  

EXPERIMENTAL VALUES : 

Temperature Mol Fraction 1 Bunsen 
Coefficient 

t o c T/K 1 0 5x1 l0 2 a/cm 3 ( STP ) cm- 3 atm- 1 

0 . 7 6 2 7 3 . 9 1 4 . 506  5 . 592  
0 . 7 8 2 7 3 . 9 3 4 . 52 2  5 . 6 1 2  
0 . 7 9 2 7 3 . 94  4 . 523  5 . 6 1 3  
0 . 8 0 2 7 3 . 95  4 . 5 12 5 . 600  
0 . 8 0 2 7 3 . 95 4 . 505  5 . 5 9 1  
0 . 8 1 2 7 3 . 96 4 . 5 1 5  5 . 604  

4 . 9 2 2 7 8 . 07  3 . 994  4 . 957  
4 . 9 4 2 78 . 09 3 . 9 99  4 . 9 6 3  
4 . 9 5 2 7 8 . 1 0 4 . 0 6 8  4 . 9 7 3  
4 . 9 6 2 78 . 11 3 . 998  4 . 9 63  
4 . 9 7 2 7 8 . 12 4 . 003  4 . 9 6 8  

1 0 . 9 0 2 8 4 . 0 5 3 .  4 13 4 . 2 35  
1 0 . 9 3 2 8 4 . 0 8 3 . 3 9 8  4 . 2 1 6  
1 0 . 9 3 2 8 4 . 08 3 . 4 1 9  4 . 24 2  
10 . 9 4 2 8 4 . 0 9 3 . 4 0 4  4 . 2 24  
1 0 . 94 284 . 09 3 . 4 0 1  4 . 22 0  
1 0 . 9 4 2 8 4 . 0 9 3 . 4 1 6  4 . 2 3 8  
1 0 . 9 5  28 4 . 10 3 . 4 0 4  4 . 22 4  
1 0 . 9 5 2 8 4 . 1 0 3 . 4 0 6  4 . 2 2 6  
1 0 . 9 6 2 8 4 . 11 3 . 4 2 7  4 . 2 5 2  

1 7 . 9 9 2 9 1 . 14  2 . 909  3 . 606  
1 8 . 00  2 91 . 15 2 . 907  3 . 6 0 3  
1 8 . 01 2 9 1 . 16  2 . 9 2 0  3 . 6 1 9  
1 8 . 02 2 9 1 . 17 2 . 9 1 0  3 . 607  
1 8 . 02 2 9 1 . 17  2 . 909  3 . 6 0 6  

24 . 1 0 2 9 7 . 25  2 . 58 2  3 . 1 9 6  
2 4 . 1 1  2 9 7 . 2 6 2 . 57 9  3 . 1 9 2  
24 . 15 2 9 7 . 3 0 2 . 57 6  3 . 18 9  
24 . 16 2 9 7 . 3 1 2 . 594  3 .  211  
24 . 17 2 9 7 . 3 2 2 . 58 5  3 . 2 0 0  

2 9 . 52 3 0 2 . 67  2 . 3 58  2 . 9 1 5  
2 9 . 54  3 02 . 69 2 . 3 5 7  2 . 9 1 3  
2 9 . 54 302 . 6 9 2 . 3 5 8  2 . 2 1 5  
2 9 . 54 3 0 2 . 6 9 2 . 3 5 5  2 . 9 1 1  
2 9 . 55 3 02 . 7 0 2 . 34 7  2 . 9 0 1  

1 The mole fraction values were calulated by the compiler 
using a methane molar volume of v1;cm3 mol- 1 = 2 2 , 3 60 . 4  
and water density values from the S MO W  tables . 

The Bunsen ceofficients are repeated on the sea water data 
sheet from the paper . 

1 9  

- 8 0 .  



20 Water: Partial Pressure of Methane of 0 . 1 0 1 325 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

{ 1 )  Methane � CH4 � [ 7 4-8 2-8 ] 

{ 2 )  Water;  H2o �  [ 7 7 32-18-5 ] 

VARIABLES : 
T/K = 2 7 3 . 9 1 - 3 0 2 . 7 0 

p /kPa = 1 0 1 .  3 2 5  

EXPERIMENTAL VALUES : 

The author ' s  equation 

Yamamoto , S . � Alcauskas ,  J .  B . �  
Crozier , T .  E .  

J .  Chern . Eng . Data 1976,  2 1 ,  78-8 0 .  

PREPARED BY : 

H .  L .  Clever 

ln { a/cm3 (STP ) cm- 3 atm- 1 ) = - 6 7 . 1962  + 9 9 . 16 24/ (T/100 K) 

+ 27 . 9 015 ln (T/100 K )  

was obtained by the method of least squares from the solubility data 
in water and in sea water at the various temperatures . Only the pure 
water part of the equation is given above . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Solubility measurements were made 
by the Scholander microgasometeric 
method (ref 1) as modified by 
Douglas (ref 2 ) . The author ' s  pro
cedure was described in an earlier 
paper { ref 3 ) . 

The solubilities were corrected 
for the effect of dissolved gas on 
the volume of the aqueous phase by 
using a value of 37  cm3 for the 
partial molal volume of methane in 
wate r .  The correction increased the 
Bunsen coefficients by about 0 . 16 
percent . 

The standard deviations of a 
single measurement at a constant 
temperature and pressure ranged from 
0 . 0 9 to 0 . 53 percent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Linde Specialty Gas . 

Research grade , 9 9 . 99 percent 
purity . The gas was passed 
through Ascarite to remove co2 prior to use .  

( 2 )  Water . Distilled . 

ESTIMATED ERROR: 

oa/a = ± 0 . 003  (authors ) 

REFERENCES : 
1 .  Scholander , P .  F .  

J .  Bi o l .  Chern . 1947,  1 6 ?, 2 3 5 . 
2 .  Douglas , E .  

J .  Phy s . Chern . 1964,  6 8 ,  169 . 
3 .  Crozier , T .  E . �  Yamamoto , s .  

J .  Chern . Eng . Data 197 4 ,  1 9 , 2 4 2 .  



Water: Pa rtial Pressure of Methane of 0. 1 0 1 325 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-8 2-8 ]  

( 2 )  Water ; H20 ;  [ 77 3 2-18-5 ]  

VARIABLES : 
T/K = 278 . 15 - 2 9 8 . 15 

p 1/kPa = 101 . 325 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Muccitelli , J, A. ; Wen , W. -Y .  

J. So lution Chern. 1980 ,  9 ,  
141  - 6 1 .  

PREPARED BY : 

H .  L .  Clever 

T/K Mol Fraction Bunsen Ostwald 
Coefficient Coefficient 

l0 5x1 10 3a/cm3 (STP ) cm- 3atrn- 1 10 3L/cm 3 cm- 3 

2 7 8 . 15 

2 83 . 15 

2 8 8 . 15 

2 9 3 . 15  

2 98 . 15 

4 . 0 44  

3 . 501 

3 . 086  

2 . 813  

2 . 5 35 

50 . 19 

4 3 . 4 4 

3 8 . 2 7 

34 . 8 5 

3 1 . 37  

5 1 . 12 ± 0 .  35 

4 5 . 04 ± 0 . 17 

4 0 . 39 ± 0 . 18 

37 . 42 ± 0 . 10 

34 . 2 6  ± 0 . 15 

The compiler calculated the mole fraction and Bunsen coefficient 
values using the real methane gas volumes in F. Din , Thermodynamic 
Functions of Gas e s ,  Butterworths , London , 1961 , Vol .  3 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The solubility apparatus and pro
cedure employed were similar to that 
described by Ben-Naim and Baer (ref 
] )  with modifications suggested by 
Wen and Hung (ref 2 ) . The apparatus 
consists of a mercury manometer , a 
gas-volume measuring buret , a dis
solution cell of about 4 5 0  cm3 
capacity , and a mercury reservoir . 

The degassing apparatus and pro
cedure used were similar to that 
described by Battino e t  a l .  (ref 3 ) . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson Co . , Inc . 
Specified to have a purity of 
99 . 95 percent. 

( 2 )  Water . Carbon dioxide free . 

ESTIMATED ERROR: 
o T/K = ± 0 . 005 

op 1/mmHg = ± 3 
oL/L = ± 0 . 005 

REFERENCES : 
1 .  Ben-Naim, A . ; Baer , S .  

2 1  

Trans . Faraday Soc .  1964 ,  60 , 173 6 .  
2 .  Wen , W. -Y . ; Hung , J .  H .  

J. Phy s .  Chern .  1970 ,  ? 4 ,  170 . 
3 .  Battino , R . ; Banzhof , M. ; 

Bogan , M. ; Wilhelm , E .  
Ana l .  Chern.  1971,  4 3 ,  806 . 



22 Water: Partial Pressure of Methane of 0 . 101 325 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

( 2 )  Water ; H2o ;  [ 7 7 3 2-18-5]  

VARIABLES : 
T/K = 278 . 15 - 318 . 1 5 

p 1 /kPa = 101 . 3 2 5  

EXPERIMENTAL VALUES :  

Cosgrove , B .  A . ; Walkley , J .  

J ,  ChPomatog� . 1981 , 21 6 ,  161 - 7 .  

PREPARED BY : 

H .  L .  Clever 

Temperature 
T/K 

Mol Fraction 
10 4.:t 1 

278 . 1 5 
28 3 . 15 
2 8 8 . 15 
293 . 1 5  
2 9 8 . 15 
303 . 15 
3 0 8 . 15 
313 . 15 
318 . 1 5 

0 . 3 97 8  
0 . 3 4 6 7  
0 . 294 0 
0 .  2 7 2 0  
0 . 24 8 5  
0 . 2278  
0 . 2140  
0 . 1 9 4 3  
0 . 18 9 9  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A 2 0  ml volume of degassed solvent 
( sublimation technique) is trans
ferred to a previously evacuated 
( 1 0- � rnrnHg) saturation cell immersed 
in an insulated controlled ( ±  0 . 01 K) 
water bath . The gas is dispersed 
through the constantly stirred solu
tion at 1 atm by a course , fritted 
glass disc . Saturation is obtained 
within a few hours . Prior to 
analysis the solution is allowed to 
sit under 1 atrn gas pressure for 
one hour . 
A saturated sample is withdrawn from 
the saturation cell using a grease
less , gas tight ( 2 . 5 0 0  ± 0 . 001  ml ) 
Gilmont syringe . A 0 . 25 0  ml sample 
is injected to "wet"  the frit.  It is 
stripped and then four 0 . 50 0  ml sam
ples are injected sequentially into 
the cell . The stripped gas is dried 
before entering the column . The gas 
is analyzed on a dual filament con
ductivity detector . Calibrations 
�ith pure gas are made dry before and 
�et after each series of runs . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane , No information . 

( 2 )  Water . No information . 

ESTIMATED ERROR: 

o x1/x1 = ± 0 . 01 5  (compiler) 

REFERENCES : 



Water: Partia l  Pressure of Methane of 0. 1 0 1 325 MPa 

COMPONENTS :  

( 1 ) Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Water ; H20 ;  [ 7 7 3 2-18-5 ]  

VARIABLES : T/K = 27 5 . 4 6 - 328 . 15 
p1/kPa = 5 0 . 7 7 2  - 118 . 310 

EXPERIMENTAL VALUES : 

T/K Pressure 

p1/atm P/kPa a 

27 5 . 4 6  0 . 8 063  8 1 . 694  
27 8 . 14 0 . 8 455  8 5 . 673  
283 . 9 5 0 . 8556  8 6 . 693  
288 . 10 0 . 8491  8 6 . 036  
2 8 8 . 15 0 . 9032 9 1 . 520 
29 3 . 16 0 . 9051 9 1 . 709 
298 . 14 0 . 5079 51 . 4 62 
298 . 1 6 0 . 8531 8 6 . 4 42  
298 . 16 0 . 9470  9 5 . 959 
303 . 15 0 . 9701 98 . 296  
308 . 15 1 .  0309 104 . 4 58 
313 . 16 1 .  0344 104 . 8 10 
318 . 15 0 .  5011 s o .  772  
318 . 16 1 .  0904 110 . 4 8 2  
323 . 1 6 1 . 1471 116 . 234 
328 . 15 1 . 1676  118 . 310 

ORIGINAL MEASUREMENTS : 

Rettich , T .  R . ; Handa , Y .  P . ; 
Battino , R; ; Wilhelm , E .  

J .  Phys . Chern . 1981, 8 5 ,  3230-7 .  

PREPARED BY : H .  L .  Clever 

Henry ' s  

H /atrnb 

22984  
24877  
29000 
31989  
32010 
35618 
39166 
39214 
39186 
42588  
45876  
48999  
51691  
51678  
54157  
56491  

Constant 

H/GPab 

2 . 3288 
2 . 5207 
2 . 9 385  
3 . 2413 
3 . 2 434  
3 . 6090 
3 . 9 6 8 5  
3 . 9734 
3 . 9 705  
4 . 3152 
4 . 6 4 83  
4 . 9648  
5 . 2376  
5 . 2362  
5 . 4874  
5 .  7239  

Mol Fraction 

4 . 3 509 
4 . 0197 
3 . 4 482  
3 . 1261  
3 . 1240 
2 . 8076  
2 . 5532 
2 . 5501 
2 . 5520 
2 . 3 481  
2 . 1798 
2 . 0409 
1 .  9346 
1 .  9351 
1 . 8 4 6 5  
1 . 7702 
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a Calculated by the compiler . b Henry ' s  constant evaluated at saturation pressure of the solvent from : 
H/atrn = lim (fl!x1 ) where t1 is the fugacity . 

x1 +0 
c Mole fraction determined at unit fugacity of 1 atm ( 101 . 3 25  kPa) · 

AU XI L I ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus used was modelled 
after that of Benson , Krause , and 
Peterson ( 1 ) . Degassed water is 
flowed in a thin film over the surfac 
of a one dm 3 sphere to contact the 
gas . After equilibrium is attained 
the solution is sealed in a chamber 
of calibrated volume . The dissolved 
gas is extracted and its amount 
determined by a direct PVT measure
ment . A sample of the gas phase is 

SOURCE AND PURITY OF MATE RIALS : 

( 1 )  Methane . Airco . Both chemical 
pure grade , 99 . 0  minimum mole 
percent , and ultrahigh purity 
grade , 99 . 9 9 minimum mole percen 
were used with no detectable 
difference in results . 

( 2 )  Water . Reverse osmosis , "house
distilled'! Resistivity greater 
than 5 X 10 4 rim. 

analyzed in an identical manner . From��--�------------------------------� the results , the saturation pressure ESTIMATED ERROR: 
of the solvent and Henry ' s  constant 
are calculated in a thermodynamically CH /H = ± 0 . 0008 
rigorous manner , applying all non- oT/K = ± 0 . 01 
ideal corrections . 

The authors smoothing equation , 
Which fits their data to 0 . 0 6 % ,  is : 

ln H = 127 . 174 - 1 5 5 . 5756/ (T/100 K )  

- 6 5 . 2553  1n (T/100 K )  

+ 6 . 1698  ( T/100 K) . For H /Pa . 

REFERENCES : 

1 .  Benson , B .  B . ;  Krause ,  D . ; 
Peterson , M .  A. 

J .  S o ln .  Chern . 1979, 8 ,  6 5 5 .  
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COHPONENTS : EVALUATOR : 

( 1 )  Methane 1 CH4 1 [ 74-82-8 ]  

( 2 )  Water 1 H20 1  [ 7 7 32-18-5 ] 

CRITICAL EVALUATION : 

Rubin Battino 
Department of Chemistry 
Wright State University 
Dayton , OH 4 5 4 3 5  USA 

1984 , December 

THE SOLUBILITY OF METHANE IN WATER BETWEEN 2 9 8  AND 6 2 7  K AT A TOTAL 

PRESSURE BETWEEN 0 . 5  AND 2 0 0  MPa . 

There were thirteen papers (1-1 3 )  that reported on the solubility of 

methane in water as a function of pressure . Of these , several reported 

additional data on methane , ethane , and propane mixtures ( 1 ) , methane and 

butane mixtures ( 6 ) , aqueous electrolyte solutions ( 2 ) , and brine solutions 

( 1 3 )  as a function of temperature and pressure . 

The table below summarizes the ranges of  temperature and pressure 

studied for the methane + water system for each paper . Also listed are the 

number of data points from each study and the e s tima t e d  per cent precision 

of the data in terms of the mole fraction solubility of methane in water . 

Reference 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10  

11 

12  

13 

Temperature Range 

T/K 

311 - 3 4 4  

3 7 3  

2 9 8  - 518  

2 9 8  - 4 4 4  

2 9 8  - 3 0 3  

311 - 4 11 

2 9 8  -423  

3 2 5  - 398  

427  - 6 2 7  

2 9 8  

4 2 3  - 6 3 3  

2 7 7  -5 7 3  

2 9 8  

Total Pressure 
Range 

p/MPa 

4 . 1  - 3 4 . 5  

15  - 154  

1 . 3  - 6 . 5  

2 . 3  - 6 8 . 9  

0 . 3  - 5 . 2  

0 . 3  - 13  

4 . 1  - 4 6 . 9  

10 . 1  - 6 1 . 6  

3 . 5  - 197  

2 . 4  - 5 . 2  

9 . 9  - 113 . 3  

1 . 1 - 13 . 2  

3 . 6  - 6 6 . 7  

Number of 
Experimental 
Points 

8 

9 

7 

7 1  

17  

Graphs 

3 9  

18  

7 1  

6 

58  

16  

11 ,-, 

Estimated 
Precision , 
Percent Mol 
Fraction 

2 

5 

1-2 

3 

1-2 

8 

3 -5 

l 

3-5 

1-2 

5 

6 

5 

Although the studies covered widely varying ranges of  temperature and 

pressure , they report data of roughly comparable preci sion . Initially , all 

the data from references 1-11 ( 3 0 4  data points )  were fit as a function of 

temperature and pressure . (References 12 and 13  were found later and wil l  
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be treated separately below - this omission did not affect the analysis . }  

The temperature was expressed as the function T = T/100 K ,  since this gives 

regression coefficients of comparable magnitude . Since the papers report 

to taZ  pressure and not partial pressure , the total pressures were converted 

to MPa and then fit . Initially , four equations were tested and they are : 

ln :r;l Ao + A 1 /T + B 0 ln (p/MPa) (1 }  

ln :r;l Ao + A 1 ln T + B 0 ln (p/MPa} ( 2 }  

ln :r; l  A o + A 1 /T + A2 ln T + B 0 ln (p/MPa)  ( 3 )  

ln :r;l Ao + A JT + A2 ln T + B 0 ln (p/MPa) + B 1 (p/MPa)  ( 4 )  

Equation ( 3 )  gave the best fit in all tests . The precision of the fit was 

not signi ficantly improved by the addition of the linear pressure term in 

equation ( 4 )  • 

An additional seven equations were fit in an attempt to find a form 

related to the Kasarnovsky-Kritchevsky and Kritchevsky-Ilinskaya equations .  

These equations follow : 

ln :r:1 = A o  + A 1 ln T + C 0 Tln (p/MPa) 

ln :r: 1 = A0 + A 1 /T + C 0 Tln (p/MPa) 

ln :r: 1  A 0 + A 1 /T + A2 ln T + C 0 T ln (p/MPa)  

ln :r:1 A0  + A 1 /T + A2 ln T + B 0ln (p/MPa) + C 0 T (p/MPa ) 

ln :r:1 A0  + A 1 /T + A2 ln T + B 0 ln (p/MPa) + C 0 ln ( Tp/MPa ) 

( 5 )  

( 6 )  

( 7 )  

( 8 )  

( 9 )  

l n  :r: 1  A 0  + A 1 /T + A2 ln T + B 0 ln (p/MPa ) + C 0 ln ( Tp/MPa} + 0 0  ( 1  - :r;� ) ( 1 0 )  

ln :r:1 = A0 + A 1 /T + A2 ln T + B 0 ln (p/MPa) + C 0 T (p/MPa) + 0 0 ( 1 - :r;� ) ( 11 )  

The degree o f  fit for equations ( 8-11 )  was of the same order as that of 

equation ( 3 ) , while the fit to equations (5-7 )  was significantly poorer . 

Thus , there appears to be no reason to prefer any other equation over 

equation ( 3 ) . 

If Henry ' s  law is obeyed exactly , the coefficient B 0 in equation ( 3 )  

would be unity . B 0  i s  not unity , so methane in water solubilities are not 

accurately described by Henry ' s  law , although plots of ln :r:1 vs . ln (p/MPa) 

are Zinear.  Since we are us ing total pres sure rather than partial pressures 

(due to the difficulty in calculating the later) , any discussion of Henry ' s  

law is  not meaningful . 

In the evaluation procedure used all points which deviated from the 

smoothed curve by about two or more standard deviations were deleted and 

the linear regression repeated . This  procedure was carried out three times 

for equation ( 3 )  with the results shown below : 

Number of points 
Standard deviation 

in ln :r:1 

304 

0 . 27 

275 

0 . 15 

2 42  

0 . 11 

192 

0 . 081  
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COHPONENTS : EVALUATOR: 

( 1 )  Methane ; cH4 ; [ 7 4-82-8 ] 

( 2 )  Water ; a2o ;  [ 7 7 32 -18-5 ] 

CRITICAL EVALUATION : 

Rubin Battino 
Department of Chemistry 
Wright State University 
Dayton , OH 4 5 4 3 5  USA 

1984 , December 

The process could be continued until any desired precision were attained , 

but this  does some violence to the original data set . Also , the further one 

goes , the more the pressure and temperature ranges narrow , and the larger 

deviations accumulate at the extremes . 

After studying the individual papers and the results from combining 

their data , we recommend as a most reasonable choice the results obtained 

with 2 4 2  data points and their associated standard deviation of 0 . 11 in 

ln x1 • These 2 4 2  data points fall in the 2 9 8  to 6 2 7  K and 0 . 6  to 1 9 2  MPa 

ranges . The error in mole fraction is a function of pressure at each temp-

erature . At a represenative temperature of 479  K the per cent errors in x1 

at (p/MPa) are : 0 . 11 % ( 5  MPa) ; 1 . 3 % ( 9 5  MPa ) ; and 12 % ( 1 9 2  MPa ) . It is 

reasonable to expect poorer precision as pressure increases . 

Taking into consideration the discussion in the previous paragraph the 

recommende d smoothing equation is : 

ln x1 = -55 . 8111 + 7 4 . 7 8 84/< + 2 0 . 6 7 9 4  ln < + 0 . 7 5 3158 ln (p/MPa) ( 1 2 )  

where < = T/10 0  K and p/MPa is  the to tal pressure . Smoothed values of the 

mole fraction solubility at 2 5  K intervals between 3 0 0  and 6 2 5  K are given 

at seven pressures in Table 1 .  Several isotherms of ln x1 v s .  ln (p/MPa) 

are shown in Figure 1 .  At all pressures there appears to be a minimum in 

the mole fraction solubility at a temperature of about 3 5 0  K .  

An important characteristic to keep in mind at these elevated temper-

atures and pressures is the vapor pressure of the solvent water . Ambrose 

and Lawrenson ( 1 4 )  provided a smoothing equation for the vapor pressure of 

pure water using Chebyshev polynomials . We provide in Table 2 for reference 

at 10 K intervals the vapor pressure of water calculated from their equa

tion . We have added to Figure 1 a line showing the vapor pressure of wate r .  

I n  Table 1 the water vapor pressure exceeds the total pressure heading of  

0 . 5  MPa at 4 2 5  K ,  1 . 0  MPa at  4 7 5  K ,  and 10  MPa at 6 0 0  K .  
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TABLE 1 .  The tenta tive mole fraction solubility o f  methane in water as a 
function of temperature between 3 0 0  and 6 2 5  K at total pressures 
between 0 . 5  and 2 0 0  MPa .  

T/K Mol Fraction Solubility , 10 3x 1 , at a Total Pressure of : 

0 . 5  MPa 1 . 0  MPa 10 MPa 5 0  MPa 100  MPa 150 MPa 2 0 0  MPa 

300  0 . 16 9 1  0 . 2 8 5 0  1 . 614 5 . 43 9 . 14 12 . 41 15 . 4 1 
325  0 . 13 0 1  0 . 2192  1 . 2 4 2  4 . 17 7 . 0 3 9 . 55 11 . 86 
350  0 . 1164  0 . 19 6 2  1-. 111 3 . 73 6 . 2 9  8 . 54 10 . 61 
375 0 . 1166  0 . 19 6 6  1 . 114 3 . 74 6 . 31 8 . 56 10 . 63 

4 0 0  0 . 12 7 4  0 . 2147  1 . 216  4 . 0 9 6 . 89 9 . 35 11 . 6 1 
4 25 0 . 14 8 6 0 . 2 5 04 1 . 4 1 8  4 .  7 7  8 . 03 1 0 . 9 0  13 . 5 4  
4 5 0  0 . 3 0 7 2  1 .  7 4 0  5 . 8 5 9 . 8 6 13 . 38 16 . 61 
4 7 5  2 . 2 20  7 . 4 6 12 . 57 17 . 0 8  21 . 19 

5 0 0  2 . 918  9 . 81 16 . 5 3 22 . 4 3 27 . 86 
525  3 . 925 1 3 . 19 2 2 . 2 3  3 0 . 18 3 7 . 4 8  
5 5 0  5 . 37 6  18 . 0 7 3 0 . 4 5 4 1 . 3 3  51 . 3 3 
575 7 . 46 3  2 5 . 08 4 2 . 2 7 57 . 37 7 1 . 2 5  

6 0 0  3 5 . 17 5 9 . 28 8 0 . 4 6  9 9 . 92 
6 2 5  4 9 . 6 9 8 3 . 76 113 . 7  14 1 . 2  

Table 2 .  The vapor pressure of water ( 14 )  • 

T/K p/kPa T/K p/MPa 

2 73 . 15 0 . 6107  470  1 . 4 5 3 8  
2 8 0  0 . 9 912 4 8 0  1 .  7 8 9 0  
2 9 0  1 .  9191 4 9 0  2 . 1814 
3 0 0  3 . 5352 5 0 0  2 . 6 3 7 2  
310 6 . 22 8 0  510 3 . 16 3 3  
3 2 0  10 . 5 4 0  5 2 0  3 . 7 6 6 5  
330  1 7 . 202  530  4 . 4 5 4 0  
3 4 0  27 . 16 7  5 4 0  5 . 2 3 3 6  
350 4 1 . 6 4 7  550 6 . 1134  
3 6 0  62 . 138 5 6 0  7 . 10 1 9  
3 7 0  9 0 . 451  570  8 . 20 8 4  
3 8 0  128 . 7 3 5 8 0  9 . 4 4 2 7  
3 9 0  1 7 9 . 4 8 5 9 0  10 . 816 
4 0 0  245 . 54 6 0 0  12 . 3 3 9  
410  3 3 0 . 15 610  14 . 026  
4 2 0  4 3 6 . 90 6 2 0  15 . 8 9 2  
4 3 0  56 9 . 74 6 3 0  17 . 958  
440  73 3 . 00 6 4 0  2 0 . 25 6  
450  931 . 36 6 4 7 . 3l

a 2 2 . 10 6  
4 6 0  1169 . 9 a critical temperature 

After the above analysis was completed we found two more papers (12 , 

13 ) . Their points were added to the 2 4 2  used for this analysis . Eleven out 

of the sixteen of the points of Cramer ( 1 3 )  reported were off the smoothing 

curve by 1 . 5  cr or more , while half of Culberson et a Z .' s ( 12 )  points showed 

the same deviation . The Cramer paper ( 1 3 )  is important and needs further 

study since his reported pressures are fugacities which may account for 

some of the discrepency reported above . 

ACKNOWLEDGMENT :  The evaluator thanks Professor H .  L .  Clever for many 
helpful suggestions in the preparation of this evaluation . 
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CH. + HaO 600 -2 

- 3  1500 

-4 400 

X 
..: -5 

-s 

-7 

-a 

-g 

0 2 3 4 5 6 
ln (fl/MPa)  

Figure 1.  Methane + Water . ln x 1 vs.  ln (p t/MPa)  at five temperatures 
between 3 0 0  and 6 0 0  K .  

REFERENCES : 

The water vapor pressure curve is  shown crossing the 5 0 0  and 
6 0 0  K isotherms . 
The solubility minimum shows in the order of the 30 0 ,  375  and 
4 0 0  K isotherms . 

1 .  Ami ri j afari , B . ; Campbell , J .  M .  Soa .  Pe t .  Engn�s .  J .  1972,  1 2 ,  21-7 . 

2 .  Blount , c .  W . ; Price , L .  C . ; Wenger ,  L .  M . ; Tarullo , M .  DOE Cont�aat 
Repo�t DE-A 5 0 8 - 78ET 1 2 1 4 5 .  

3 .  Crovetto , R . ; Fernandez-Prini , R . ; Japas , M .  L .  J .  Chern. Phy s .  1982,  
76.  1077-86 . 

4 .  Culberson , o .  L . ; McKetta , J .  J .  J .  Pet�o t .  Teah.  1951,  3, 2 2 3- 6 ;  
AIME T �ans . 1951,  t 9 2 , 2 2 3-6 .  

5 .  Duffy , J .  R . ; Smith , N .  0 . ; Nagy , B .  Geoahim.  Cosmoahim. Aata 1961,  
24,  23-31 . 

6 .  McKetta , J .  J . ; Katz , D .  L .  Ind.  Eng .  Chern . 194 8 ,  4 0 ,  853-6 2 . 

7 .  Michels , A . ; Gerver , J . ; Bij i ,  A .  Physiaa 1936,  3 ,  7 9 7 -8 0 8 . 

8 .  O ' Sullivan , T .  D . ; Smith , N .  0 .  J .  Phy s .  Chern. 1970,  7 4 ,  1460-6 . 
9 .  Price , L .  C .  Am. Assn . Pe t�.  Geo t .  B u t t .  1979,  6 3 ,  1527-3 3 .  

10 . Stoessell , R .  K . ; Byrne , P .  A .  Ctays Ctay Mine�.  1 9 8 2 ,  3 0 ,  6 7- 7 2 ;  
Geoahim. Cosmoahim. Aata 1982,  4 6 ,  1327-32 . 

1 1 .  Sultanov , R .  G . ; Skripka , v .  G . ; Namiot , A .  Yu . Z h .  Fiz .  Khim . 1972,  
4 6 ,  2 1 6 0 ;  VINITI, 4387-72;  Gaz o v .  P�om.  1972,  1 7, 6 - 7 . 

12 . Culberson , o .  L . ; Horn , A .  B . ; McKetta , J .  J .  J .  Pet�o t .  T e a h .  1950,  
2,  1-6 ; or AIME, Pe t�o t .  T�ans . 1950,  tBB,  1-6 . 

13 . Cramer , s .  D .  Ind. Eng .  Chem .  P�oaess  Des . De v .  1984,  2 3 ,  5 3 3-8 . 

14 . Ambrose , D . ; Lawrenson , I .  J .  J .  Chern.  The�modynamias 1972,  4 ,  755-6 1 .  

See also Larsen , E .  R . ; Prausnitz , J .  M .  A lVhE J .  1 9 8 4 ,  3 0 ,  732-8 . 



Water: Total  Pressures Between 0.5 and 200 MPa 

COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4-82-8 ]  

2 .  Water ; H20;  [ 7 7 3 2-18-5]  

VARIABLES :  

Temperature ,  pres sure 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 4 0 . 6  
4 6 . 0  
81 . 3  

112 . 0  
145 . 9  
176 . 5  
2 04 . 9  
3 3 0 . 8  
4 69 . 1  

323 . 15 4 9 . 6  
82 . 3  

113 . 1  
145 . 6  
176 . 5  
208 . 2  

348 . 15 44 . 3  
79 . 2  

114 . 5  
14 8 . 1  

10 3 Mole fraction 
of methane 
in liquid , 

10 3xCH� 

0 . 81 
0 . 9 0 
1 . 28 
1 .  5 8  
1 . 87 
2 . 10 
2 . 2 8 
2 . 6 8 
2 . 97 
0 .  72 
1 . 12 
1 . 4 2 
1 .  6 9  
1 .  9 0  
2 . 07 
0 . 6 1 
1 . 01 
1 .  33  
1.  57 

ORIGINAL MEASUREMENTS : 

Michels , A . ; Gerver , J . ; Bij i ,  A .  

Phy si aa 

1 9 3 6 , 3 ,  79 7-8 0 8 . 

P REPARED BY : 

T/K 

3 4 8 . 1 5 1 7 6 . 2  
20 8 . 0  

3 7 3 . 1 5 4 9 . 0  
82 . 2  

11 3 . 0  
148 . 3  
180 . 5  
209 . 2  

39 8 . 15 4 9 . 0  
8 2 . 1  

113 . 0  
15 0 . 0 
181 . 1  
212 . 3  

4 2 3 . 15 4 7 . 1  
81 . 7  

110 . 8  
145 . 4  
177 . a  
206 . 1  

C .  L .  Young 

10 3 Mole fraction 
of methane 
in liquid,  

10 3xCH� 

1 . 7 4  
1 . 9 3 
0 . 6 6 
1 . 0 1  
1 . 2 7 
1 . 52 
1 .  71  
1 . 84 
0 . 6 4 
0 . 9 8 
1 . 24 
1 .  5 0  
1 . 6 6 
1 . 7 9 
0 . 62 
0 . 9 3 
1 . 19 
1 . 42 
1 . 6 0 
1 .  7 3  

AUXI LIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Simple rocking equilibrium cell . 

Amount of gas absorbed calculated 

from volume and pressure change of 
charging vessel . Details in 
sourc e .  

SOURCE AND PURITY OF MATERIALS : 

No details given . 

E S TIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/10 5 Pa = ± 0 . 0 5 to 

0 . 5% ;  oxCH � = ± 3-5% ( estimated by 

com_piler ) • 
REFERENCES : 

29 
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COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Water ;  H20 ;  [ 7 732-18-5 ]  

VARIABLES :  
T/K = 2 9 8 . 15 

P t/MPa = 3 . 62 - 6 6 . 7 4 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Culberson , o .  L . ; Horn , A .  B . ; 
McKetta , J .  J .  

J .  Pe t .  Teahno l. .  1950,  2 , 1-6 .  
or 
AIME, Pe t .  Troan s .  1950,  1 8 9 .  1-6 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Total Pressure Mole Ratio 

t/ ° F T/K 
---

7 7  2 9 8 . 15 

p/psia 

5 2 5  
1 0 0 0  
1 4 50 
1 8 4 5  
1 9 3 0  
2 5 3 5  
3 6 15 
4 4 3 5  
6 3 4 2  
7 9 3 5  
9 6 8 0  

p/MPa 

3 . 62 
6 . 8 9 

1 0 . 00 
12 . 72 
13 . 31 
17 . 4 8 
2 4 . 92 
3 0 . 5 8 
4 3 . 7 2 
5 4 . 71 
6 6 . 74 

0 . 77 0  
1 . 10 
1 . 8 0 
2 . 02 
2 . 27 
2 . 31 
2 . 88 
3 . 28 
4 . 0 7  
3 . 91 
4 . 51 

The mole fraction solubility is x 1 = n 1/ ( l + n 1 > .  
when n2 i s  assumed one . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The sample is equilibrated in a 
large rocking autoclave . Samples are 
analyzed by removing water and 
measuring the gas volumetrically . 

The temperature is  measured with a 
thermocouple and the pressure with a 
Bourdon gage . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Phillips Petroleum Co . 
The purity was 9 9 . 0  mole per
cent minimum. 

( 2 )  Water .  Distilled water was 
boiled to degass . 

ESTIMATED ERROR: 
oT/K = ± 

op/MPa = ± 
op/MPa = ± 
op/MPa = ± 

REFERENCES : 

0 . 5 ;  on 1 1n2 = ± 5 % 
0 . 02 ; less than 10  MPa 
0 . 07 ;  10  to 35  MPa 
0 . 14 ; over 35 MPa 
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COMPONENTS : 

1 .  Methane ; CH � ;  [ 74-82-8 ]  

2 .  Water ; H 2 0 ;  [ 7 7 32-18-5]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 2  
( 7 7 )  

310 . 9  
( 1 0 0 )  

p/psia 

341  
4 5 9  
659  
9 3 4  

1 2 9 0  
1930  
2 4 9 5  
3515 
4 8 1 0  
6 4 4 0  

3 3 0  
4 7 7  
6 6 4  
9 5 0  

1 2 7 0  
1900  
2 5 7 5  
3 5 35 
4 9 1 0  
6 5 2 5  
7 8 7 0  
9 8 9 5  

P/MPa 

2 . 3 5 
3 . 16 
4 . 54 
6 . 4 4 
8 . 8 9 

13 . 3 1 
19 . 2 0 
2 4 . 2 4 
3 3 . 16 
4 4 . 4 0 

2 . 2 8 
3 . 2 9 
4 . 58 
6 . 5 5 
8 . 7 6 

13 . 10 
17 . 7 5 
24 . 3 7 
33 . 8 5 
4 4 . 9 9 
54 . 2 6 
6 8 . 22 

ORIGINAL MEASUREMENTS : 

Culberson , o .  L . ; McKetta , J .  J .  

J .  Pe t�o � .  Tea h .  1951 , 3 ,  223-226  
or 
AIME Pe t�o � .  T�ans . 1951 , 1 9 2 ,  

223-22 6 .  
P REPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid , 

xCH� 

0 . 0 0 0 4 9 7  
0 . 000717  
0 . 0 0 1 0 0 0  
0 . 001317 
0 . 001678  
0 . 0 0 2 2 3 5  
0 . 0 0 2 585  
0 . 003110  
0 . 0 0 3 6 6 0  
0 . 0 0 4 17 0  
0 . 0 0 0 4 4 0  
0 . 000619  
0 . 0 0 0 8 3 9  
0 . 001123  
0 . 0 0 1 4 4 0  
0 . 001890  
0 . 0 0 2 2 9 0  
0 . 0 0 2 7 6 0  
0 . 0 0 3 3 3 0  
0 . 0 0 3 91 
0 . 0 0 4 17 
0 . 0 0 4 6 5  

(cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Sample equilibrated in large 
rocking autoclave . Samples of 
liquid analysed by removing water 
and estimating the gas volumetrically 
cally . Temperature measured with 
thermocouple and pressure with 
Bourdon gauge . 
( 1 )  • 

Details in ref . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 
purity 9 8 . 7 2 mole per cent . 

2 .  Distilled and degassed . 

ESTIMATED ERROR: 

oT/K = ± 0 . 5 ; oP/MPa = ±1% ; 

31 

oxCH � = ±3% (estimated by compiler) • 

REFERENCES : 

1 .  Culberson , o .  L . ; Horn , A .  B . ; 
McKetta , J .  J .  

J ,  Pe t� . Teahno � .  T�ans AIME 
Pe t .  Div . 

1950 , 1 8 9 ,  1 .  



32 Water: Total Pressures Between 0.5 and 200 MPa 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 74 - 8 2 - 8 ]  

2 .  Water ; H 2 0 ;  [ 7 7 32-18-5 ] 

EXPERIMENTAL VALUES : 

3 4 4 . 3  
( 1 6 0 )  

3 77 . 6  
( 2 2 0 )  

4 10 . 9  
( 2 8 0 )  

4 4 4 . 3  
( 3 4 0 )  

p/psia 

3 3 1  
4 6 7  
6 5 9  
9 4 3  

1320  
1880  
2555  
3 5 3 5  
4 9 2 5  
6 5 2 5  
8 2 2 0  
9 8 6 5  

3 3 3  
4 6 6  
4 6 8  
652  
9 4 5  

1310 
1900 
2 5 3 5  
3 5 7 0  
4 9 6 5  
6 5 2 5  
8 1 9 0  
9 8 7 5  

3 3 6  
4 6 4  
6 5 4  
9 4 1  

1310  
1900  
2 4 8 0  
3555  
4975  
6525  
8270  
9835  

3 2 3  
4 7 5  
6 6 2  
9 4 9  

1 3 6 0  
1 9 2 0  
2 5 8 0  
3 5 8 0  
5 0 4 5  
6 5 2 5  
8210 
9 9 9 5  

P/MPa 

2 . 2 8  
3 . 2 2 
4 . 5 4 
6 . 5 0 
9 . 10 

12 . 9 6 
17 . 6 2 
2 4 . 37 
33 . 9 6 
4 4 . 9 9 
56 . 6 7 
6 8 . 02 

2 . 30 
3 . 21 
3 . 2 3 
4 . 50 
6 . 5 2 
9 . 03 

13 . 10 
17 . 4 8 
24 . 6 1 
34 . 2 3 
4 4 . 9 9 
5 6 . 4 7 
6 8 . 0 9 

2 . 3 2 
3 . 2 0 
4 . 51 
6 . 4 9 
9 . 0 3 

13 . 10 
17 . 10 
2 4 . 51 
34 . 30 
4 4 . 9 9 
57 . 0 2 
6 7 . 8 1 

2 . 2 3  
3 . 2 8 
4 . 5 6 
6 . 54 
9 . 3 8 

13 . 2 4 
17 . 7 9  
24 . 6 8  
34 . 7 8 
4 4 . 9 9 
5 6 . 6 1  
6 8 . 91 

ORIGINAL MEASUREMENTS : 

Culberson , 0 .  L . ; McKetta , J .  J .  

J .  Pe tro Z .  Tea h .  195 1 ,  3 1  223-226  
or 
AIME , Pe tro Z .  Trans . 1951 , 1 9 2 , 

2 2 3 -2 2 6 . 

Mole fraction of methane 
in liquid , 

XCH� 

0 . 0 0 0 3 4 0  
0 . 0 0 0 4 7 0  
0 . 0 0 0 6 3 2  
0 . 0 0 0 9 0 9  
0 . 001183  
0 . 001500  
0 . 001924  
0 . 0 0 2 3 8 5  
0 .  0 0 2 7 7 0  
0 . 0 0 3 4 2  
0 . 0 0 3 7 5  
0 . 0 0 4 2 4  
0 . 0 0 0 3 2 3  
0 . 0 0 0 4 3 2  
0 . 0 0 0 4 7 2  
0 . 0 0 0 6 11 
0 . 0 0 0 8 8 6  
0 . 001188  
0 . 001560  
0 . 001980  
0 . 0 0 2 510 
0 . 00314  
0 . 00361  
0 . 0 0 4 0 8  
0 . 0 04 5 1  
0 . 0 0 0 3 2 6  
0 . 0 0 0 4 6 0  
0 . 0 0 0 6 7 3  
0 . 0 0 0 9 3 8  
0 . 001326  
0 . 001857  
0 . 0 0 2 3 4 6  
0 . 003 015 
0 . 0 0 3 8 0 5  
0 . 0 0 4 4 9  
0 . 00518  
0 . 00574  
0 . 0 0 0 3 2 3  
0 . 000535  
0 . 0 0 0 7 8 9  
0 . 001150  
0 . 001725  
0 . 002355  
0 . 0 0 3 0 2 5  
0 . 0 0 3 8 3 5  
0 . 0 0 4 8 7 5  
0 . 00595  
0 . 0 0 6 8 0  
0 . 0 0 7 7 5  



Water: Total Pressures Between 0.5 and 200 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 

3 0 3 . 1 5  

P/MPa 

1 . 10 3  
1 .  4 8 2  
l .  5 8 6  
2 . 9 6 5  
3 . 0 68  
3 . 5 4 4  
4 . 0 33 
4 . 6 8 8  
5 . 171 
0 . 317  
0 . 55 2  
0 . 7 9 3  
0 . 9 38  
1 . 97 2  
2 . 04 8  
2 . 7 4 4  
3 . 6 06  

ORIGINAL MEASUREMENTS : 

Duffy , J .  R . ; Smith , N .  0 . ;  
Nagy , B .  
Geoahim. Cosmoahim . A a ta 1961 , 24 , 

2 3-31 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid phase , 10 4 xCH4 

2 . 14 
2 . 7 3 
3 . 7 6  
7 . 0 8 
7 . 0 3 
8 . 0 0  
9 . 3 9 
9 . 7 9  

l l .  30 
0 . 6 0 
1 . 15 
l .  8 4  
2 . 32 
4 . 9 0 
4 . 9 3 
6 . 12 
7 . 6 4 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDU RE :  SOURCE AND PURITY O F  MATERIALS : 

Rocking equilibrium cell . Pres sure 
measured with a Bourdon gauge . l .  C . P .  grade - no other details 

Cell charged with boiled water ; given . 
gas admitted to known pressure . 
Cell contents allowed to equili- 2 .  Degassed . 
brate . Final pressure measured 
and used to calculate amounts of 
gas dissolved . 
ref . 

Details in source 

ESTIMATED ERROR: 
oT/K = ±l ; oP/MPa = ±0 . 0 3 ;  

oxCH � 
= ±5 x 10- 6 •  

REFERENCES : 
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34 Water: Total Pressures Between 0.5 and 200 M Pa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Water ; H20 ;  [ 7 73 2-18-5 ]  

VARIABLES : 

T/K = 3 03 . 1 5 - 37 3 . 15 
P 1IMPa = 1 . 013 - 6 . 0 8 0  

EXPERIMENTAL VALUES : 

[ Nm'J L;;;:r.;;;; 0,021 I 
1\Q 

aozs:f--llo\--t--t--+--t--t---1 

\ 0.025 
Q024I--l-..1J--+-+-t--t--J 

ORIGINAL MEASUREMENTS : 

Schroder , w. 

Z.  Na turforsah . 1969,  2 4 b ,  5 0 0-8 . 

Chem . -Ing . - Te a h .  1973,  4 5 ,  6 0 3-8 . 

PREPARED BY : 

H .  L .  Clever 

[!,';,;l ' 
aOJ4 f-- (;-t--t--t-·t--1--l 
aoJJ \ 
O.OJ2f-- ��1--f--Jf-+--f--f 
OOJI • � 
QOJO �..\·-·�''--+--!- -t-f--f 
0.029 

K
. � ... 

\···� 0026 f-- • ·+�f---'"il�......,+-+--1 
0,021 �� Q026f- -tlr- . � 
ao2s 1 - .... � am � � 0.023 ' � � 0.022 � �:---t--

� 0021 1 � � 0.020 t'1>u �. 
f QOI9 �� 

0.015 
o��w��2o�����.o�7.�.-���ro 
_.. p [•lm] 

LO:ttirhkclt \On 1\fcth.tn in '\'\".ac;.ser. X :  30 °C, • :  
5 0  °C, 0 :  100 °C. 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The apparatus was a bubbling-type 
autoclave of the type described 
by Wiebe , Gaddy and Heins (ref 1 ) . 

The Bunsen coefficient was calc
ulated from the experimental data . 

The data were presented in the 
graphs above . 

The data were discussed briefly in 
an earlier paper (ref 2 ) . 

The second paper gives the equa
tion 
ln (a/m 3 (STP ) m- 3 atm- 1 ) = 4 . 2 11 

- 58 2 1/ (T/K) + 1 . 019 x 10 6/ ( T/K) 2 

for the 303  - 373  temperature inter
val at a methane pressure of 1 0 0  atm 
( 1 0 . 1 3 3  MPa) . The temperature of 

minimum solubility is 350 K at this 
pressure , it increases to 377 K at 
20 atm partial pressure methane . 

SOURCE AND PURITY OF MATERIALS : 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Wiebe , R. r Gaddy ,V . L . ; Heins , c .  
Ind .  Eng . Chern . 1932,  2 4 , 8 2 3 ;  
J .  A m .  Chern . Soa .  1933,  5 5 ,  9 4 7 . 

2 .  Schroder , w .  
Naturwi ssensahaften 1 9 6 8 ,  5 5 ,  54 2 .  



Water: Total Pressures Between 0.5 and 200 M Pa 35 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 74 - 8 2 - 8 ]  O ' Sullivan , T . D . ; Smith , N . O .  

2 .  �'Yater; H 20 ;  [ 77 32-18-5 ]  J .  Phy a . Chern . , 1 9 7 0, ? 4 ,  14 60-14 6 6 . 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES :  

T/K 

3 2 4 . 6 5 

3 7 5 . 6 5 

39 8 . 15 

P/HPa 

10 . 13 
2 0 . 26 
3 0 . 4 0 
4 0 . 5 3 
5 0 . 6 3 
60 . 7 9  
10 . 2 3 
20 . 37 
3 0 . 6 0 
4 0 . 83 
5 0 . 97 
6 1 . 2 0 
10 . 4 4 
2 0 . 67 
3 0 . 9 0 
4 1 . 04 
51 . 37 
6 1 . 6 1  

METHOD /APPARATUS/PROCEDURE : 

PREPARED BY : 
C . L .  Young 

10 3 Mole fraction of methane 
in liquid , 10 3 xCH� 

AUXILIARY INFORMATION 

1 . 4 2 7  
2 . 279  
2 . 8 7 
3 . 3 4 
3 . 73 
4 . 09  
1 . 3 5 5  
2 . 20 5  
2 . 8 7 
3 . 3 3 
3 . 8 5 
4 . 19 
1 .  4 3 4  
2 . 3 2 1  
2 . 9 6 
3 . 4 3 
3 . 9 6 
4 . 3 0 

SOURCE AND PURITY OF MATERIALS : 

Large steel stirred equilibrium cell 1 .  
Pressure measured with Bourdon gauge 
Temperature measured wi th iron-

Hatheson Co. , sample purity 
99 . 9 5 mole per cent.  

Distilled and de-ionised, air 
removed . 

constantan thermocouple . Cell 2 .  
charged with l iquid , compressed gas 
added . After equilibrium obtained 
samples removed and analysed using 
volumetric techniquies . Details 
in ref . ( 1 ) . 

ESTIMATED ERROR: 

o T/K = ± 0 . 5 ;  o P/MPa = ± 0 . 0 5% ; 
oxCH� = ± 0 . 4 % .  

REFERENCES : 

1 .  O ' Sullivan , T . D . ;  Smith , N . O .  

Geoahim . Cosmoahim . A ata, 1 9 6 6, 30, 617 . 



36 Water: Total Pressures Between 0.5 and 200 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ; [ 74 - B 2- B ]  

2 .  Water ; H 2 0 ;  [ 7 7 32-18- 5 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

42 3 . 2  

4 7 3 . 2  

5 2 3 . 2  

5 7 3 . 2  

100 
2 0 0  
4 0 0  
6 0 0  
BOO 

1000  
100  
200  
4 0 0  
600  
BOO  

1000  
100 
2 0 0  
4 0 0  
6 0 0  
B O O  

1 0 0 0  
1 0 0  
2 0 0  
4 0 0  
6 0 0  
B O O  

1 0 0 0  

P/MPa 

9 . B l 
19 . 6 1 
39 . 2 3 
5 B . B4 
7B . 4 5 
9 B . 0 7 

9 . 81 
19 . 6 1 
39 . 2 3 
5 B . 84 
7 B . 4 5 
9 8 . 0 7 

9 . 81 
19 . 6 1 
39 . 2 3  
5 B . 8 4 
7 8 . 4 5  
9 8 . 0 7 

9 . B l 
1 9 . 61 
39 . 2 3 
5 8 . B 4 
7 8 . 45 
9 B . 0 7 

Sultanov , R .  G . ; Skripka , V .  G . ; 
Namoit ,  A .  Yu. 
Zh . Fiz . Khim . 

1972 , 46 , 216 0 ;  VINITI , 4 3 8 ? - ? 2 .  
PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid, in vapor , 

xCH4 YcH4 

0 . 0010  0 . 9 4 0 0  
0 . 0018  0 . 9 6 30 
0 . 00 3 0  0 . 9 7 B O  
0 . 0046  0 . 9 B 3 0  
0 . 0056  0 . 9 B 35 
0 . 0 0 5 6  0 . 9 B 5 0  
0 . 0 0 2 0  O . BlOO 
0 . 0 0 3 B  O . B 9 15 
0 . 0 0 6 7  0 . 9 3 5 0  
O . OO B 7  0 . 9 4 B O  
0 . 0100  0 . 9 5 4 5  
0 . 0104  0 . 9 6 3 0  
0 . 0 0 2 5  0 . 5 30 0  
0 . 0 0 6 3  0 . 7 330 
0 .  0117 O . B 3 2 5  
0 . 0 1 4 0  o .  B 7 2 0  
0 . 0146  O . B 9 BO 
0 . 0151  0 . 9100  
0 . 0 0 15 0 . 0 9 5 0  
0 . 00 7 8  0 . 4 3 6 0  
O . OlB5  0 . 6 2 6 0  
0 . 0 2 6 5  0 . 6 7 9 0  
0 . 0 3 4 0  0 .  7 1 5 0  
0 . 0 4 0 7  0 . 75 0 0  ( cont . }  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Static equilibrium cell fitted with 1 .  Purity 9 9 . 95 volume per cent . 
magnetic stirrer,  details in ref . 
( 1 } . Samples of coexisting phases 2 .  No details given . 
analysed by freezing out water and 
estimating methane volumetrically . 

ESTIMATED ERROR: 
o T/K = ± 0 , 3 ; o P/MPa = ±0 . 1 ;  

OXCH 4 ' oyCH 4 
= ±0 . 0 0 0 5  (estimated 

by compiler} • 

REFERENCES : 

1 .  Sultanov, R .  G . ; Skripka , v .  G . ; 
Namoit ,  A .  Yu. 
Gaz o v .  Prom . 

1 9 7 1 ,  1 6 ,  6 .  



Water: Total Pressures Between 0.5 and 200 MPa 

COHPONENTS : 

1 .  !-!ethane ; CH 4 ; [ 74-82- 8 ]  

2 .  Water; H20 ;  [ -7 32-18- 5 ]  

EXPERIHENTAL VALUES :  

T/K P/kg cm- 2 

6 0 3 . 2  200  
4 0 0  
6 0 0  
8 0 0  

1 0 0 0  
1 0 5 0  

6 2 3 . 2  2 0 0  
4 0 0  
6 0 0  
8 0 0  

1000  
1050  
1100 

6 2 5 . 2  250  
300  
4 0 0  
5 0 0  
6 0 0  
7 0 0  
8 0 0  
9 0 0  
9 3 5 *  
9 9 2 * *  

' 1000  
1050  
1100  

6 2 8 . 2  250  
300 
4 0 0  
5 0 0  
6 0 0  
6 5 0  
6 8 0 *  

6 3 3 . 2  250  
300  
4 0 0  
5 0 0  
6 0 0  
6 2 0 *  

* 

P/HPa 

19 . 6 1 
3 9 . 2 3  
58 . 84 
78 . 4 5 
98 . 0 7 

102 . 9 7 
19 . 6 1 
39 . 2 3 
5 8 . 84  
78 . 4 5 
9 8 . 0 7 

102 . 9 7 
113 . 2 7 

24 . 52 
29 . 4 2 
39 . 2 3 
4 9 . 0 3 
58 . 8 4 
6 8 . 65 
78 . 4 5 
8 8 . 2 6 
9 1 . 6 9  
9 7 . 2 8 
9 8 . 0 7  

102 . 9 7  
113 . 2 7 

24 . 52 
29 . 4 2 
39 . 2 3 
49 . 0 3 
5 8 . 84 
6 3 . 7 4 
6 6 . 6 9 
2 4 . 52 
29 . 4 2 
39 . 2 3 
49 . 0 3 
5 8 . 8 4  
60 . 80 

ORIGINAL HEASUREHENTS : 

Sultanov , R .  G . ; Skripka , v. G . ; 
Namoit , A .  Yu . 

Z h .  Fi.z. Khim . 

19 72 , 4 6 ,  2160 ; VINITI , 4 3 8 ?- ? 2 .  

Hole fraction of methane 
in liquid,  in vapor , 

XCH4 YcH 4 

0 . 0100  0 . 19 5 0  
0 . 0 325 0 . 4 170 
0 . 0 4 6 4  0 . 5040  
0 . 0572  0 . 5540  
0 . 0 6 35 0 . 5 8 5 0  
0 . 0650  -
0 . 0 0 5 3  0 . 08 0 0  
0 . 0414 0 . 2350  
0 . 0 7 0 7  0 . 2 9 8 0  
0 . 0 9 55 0 . 3150 
0 . 12 3 0  0 . 3350  
0 . 1300  -
0 . 1365  -
0 . 0135 0 . 1390  
0 . 0 2 3 0  0 . 1850  
0 . 0 4 10 0 . 22 8 0  
0 . 0550  0 . 2 4 9 0  
0 . 0 6 6 0  0 . 2 6 6 0  
0 . 0 8 0 0  0 . 2 7 8 0  
0 . 1050 0 . 2750  
0 . 1250 0 . 2 310 
0 . 1800  0 . 1800  
0 . 17 30 0 . 17 3 0  
0 . 1250 0 . 2000  
0 . 0 8 2 0  0 . 24 0 0  
0 . 0680  0 . 2 4 7 0  
0 . 0165  0 . 10 5 0  
0 . 0275  0 . 15 3 0  
0 . 0 5 4 0  0 . 2050  
0 . 0 8 3 0  0 . 2150 
0 . 1200 0 . 2140  
0 . 14 3 0  0 . 2040  
0 . 1720 0 . 1720 
0 . 0160  0 . 0 820  
0 . 02 6 0  0 . 1190 
0 . 0 5 0 0  0 . 15 9 0  
0 . 0700  0 . 1710 
0 . 0 9 6 0  0 . 15 7 0  
0 . 1280 0 . 12 8 0  

gas-liquid critical point 

* *  gas-gas critical point 
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38 Water: Total Pressures Between 0.5 and 200 M Pa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2-8 ] 
2 .  Water ; H 20 ;  [ 7 732-18-5]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 
(T/ °F)  P/psi 

310 . 9 3 6 0 0  
( 1 0 0 ) 2 0 0 0  

3 0 0 0  
5 0 0 0  

3 4 4 . 2 6 6 0 0  
( 1 6 0 )  2 0 0 0  

3 0 0 0  
5 0 0 0  

P/MPa 

4 . 14 
13 . 7 9 
2 0 . 6 8 
34 . 4 7 

4 . 14 
13 . 7 9  
2 0 . 6 8 
34 . 4 7  

ORIGINAL MEASUREMENTS : 

Amirijafari , B . ; 
Soa .  Pe t .  Engnvs . 

19 7 2 ,  12 , 21-27 . 

PREPARED BY : 

Campbell , J .  M .  
J .  I 

C .  L .  Young 

10 3 x Mole fraction of methane 
in water-rich phase 

10 s xCH4 

0 . 7 5 9  
1 .  9 5 6  
2 . 5 19  
3 . 350  

0 . 6 0 2  
1 .  612  
2 . 15 0  
2 . 8 0 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static stainless steel equilibrium 
vessel of approximately 75  mL 
capacity . Pressure measured with 
Bourdon gauge and temperature 
measured with thermocouple . Samples 
of liquid and vapor analysed using 
a gas chromatograph equipped with a 
flame ionisation detector . 
Poropak R column used . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Pure grade sample , purity 
9 9 . 9  mole per cent . 

2 .  No details given . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 3 ;  oP/MPa = ± 1 % ;  

oxCH4 = ± 2 % . 

REFERENCES : 



Water: Tota l Pressures Between 0.5 and 200 MPa 39 

COMPONENTS : 

1 .  Methane : CH 4 : [ 7 4 - 8 2-8 ] 

2 .  Water:  H 20 :  [ 7 7 3 2-18-5]  

VARIABLES : 

EXPERIMENTAL VALUES : 

4 2 7  
( 1 5 4 )  

4 7 9  
( 2 0 6 )  

4 9 4  
( 2 2 1 )  

P/psi 

514 
2 2 0 5  
4 6 4 5  
6 7 9 0  
9 7 6 0  

12670  
15260  
1 8 2 6 0  
2 3 7 8 0  

750  
2 3 2 3  
4 2 7 0  
7 9 2 3  

13759  
1 8 9 0 6  
2 3 6 5 2  
2 7 9 1 5  

583  
5331  
9 1 0 9  

12670  
15020  

P/MPaa 

3 . 54 
15 . 2 0 
3 2 . 0 3 
4 6 . 8 2 
6 7 . 2 9 
87 . 3 6 

10 5 . 2 1 
12 5 . 9 0 
16 3 . 9 6 

5 . 17 
16 . 0 2 
2 9 . 4 4 
54 . 6 3 
9 4 . 8 6 

103 . 3 5 
163 . 0 7 
192 . 4 7 

4 . 0 2 
36 . 7 6 
6 2 . 8 0 
87 . 3 6 

103 . 56 

AUXILIARY 

METHOD /APPARATUS/PROCEDURE : 

Static equilibrium cell filled with 

water , vessel sealed and brought to 

temperature , excess water being 

allowed to bleed out . Some water 

removed and compre ssed methane 

added . Samples for analysis 

removed ,  methane being added 

simultaneously so that the total 

pres sure remained constant . 

Samples analysed by measuring 

equilibrium pressure when sample 

inj ected into an evacuated flask . 

Duplicate samples taken . 

ORIGINAL MEASUREMENTS : 

Price , L .  c .  
Am.  A s s n .  Pe t .  Geo Z .  Bu Z Z .  

1 9 7 9 , 63 , 1527-3 3 .  

PREPARED BY : 

c .  L .  Young 

Solubilityc Mole per cent 
SCF/bbl methane , b 

xCH 4 

5 . 6 5 ± 0 . 3  0 . 0 7 4 1  
2 1 . 8 1  ± 2 . 6 9 0 . 2 8 5 9  
34 . 4 3  ± l .  6 6  0 . 4 514 
4 2 . 0 3 ± 0 . 3 6 0 . 5510 
4 6 . 7 2 ± l .  28  0 . 6125  
4 9 . 7 8 ± 0 . 7 0 0 . 6 5 2 6  
58 . 7 6 ± l .  33  0 . 7 7 0 3  
67 . 3 7 ± 0 . 15 0 . 8 8 3 2  
78 . 7 6 ± l .  83  1 .  0 3 2 5  

9 . 5 1 ± 0 . 8 0 0 . 12 4 7  
30 . 8 2 ± 0 . 7 5 0 . 4 0 4 1  
4 8 . 12 ± l .  9 2  0 . 6 3 0 9  
72 . 36 ± 0 . 2 2 0 . 9 4 8 6  
9 8 . 11 ± 2 . 19 1 .  2 8 6  

116 . 5  ± 1 . 5  1 .  527 
127 . 0  ± 7 . 6  1 .  6 6 5  
143 . 5  ± 0 . 5  1 .  8 8 1  

9 . 7 3 ± 0 . 1 9 0 . 1276  
62 . 8 7 ± 0 . 3 5 0 . 8 2 4 2  

101 . 7  ± l .  9 0  1 .  3 3 3  
116 . 4  ± 2 . 9  1 .  526  
13 1 . 4  ± 9 . 7  1 .  723  

of 

(cont . ) 

INFORMATION 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Matheson gas , purity 9 9 . 9 9 

mole per cent . 

2 .  Distilled and degassed . 

ESTIMATED ERROR: 

T/K = ±1 . 0 .  

REFERENCES : 



40 Water: Tota l Pressures Between 0.5 and 200 MPa 

COMPONENTS : 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  

2 .  Water;  H 2 0 ;  [ 7 7 32-18-5]  

EXPERIMENTAL VALUES : 

4 9 4  
( 2 2 1 )  
5 0 7  

( 2 3 4 ) 

553  
( 2 8 0 )  

565 
( 2 9 2 )  

5 8 9  
( 3 1 6 )  

6 2 7  
( 3 54 ) 

P/psi 

17 9 4 0  
2 0 5 3 0  

1176 
2160 
3014 
4 0 2 7  
6 8 3 6  
8 6 5 8  

11330  
13540  
156 9 0  
157 7 0  
1 9 2 3 0  
2 1 3 4 0  
2 3 8 3 0  

2 8 6 6  
4 6 16 
6 9 5 3  

10170 
14 4 9 0  
1 8 3 3 0  
2 2 0 2 0  
23120  
2 7 4 0 0  

1566 
2 7 7 0  
4 3 3 7  

13130  
1 5 9 4 0  
2 2 0 5 0  
2 4 5 0 0  

1632  
3 6 3 1-
7 7 4 7  

1 0 4 4 0  
1 3 3 9 0  
1 7 0 1 0  
2 3 9 9 0  
2 7 7 5 0  

2 8 3 7  
3631  
4 6 8 9  
6174 
7 6 8 8  

1 5 8 2 0  
1 8 4 6 0  
2 4 6 5 0  
2 6 9 4 0  
2 8 6 10 

123 . 6 9 
14 1 . 5 5 

8 . 1 1 
14 . 8 9 
2 0 . 7 8 
2 7 . 7 7 
4 7 . 13 
59 . 6 9 
78 . 12 
9 3 . 3 6 

10 8 . 18 
108 . 7 3 
132 . 5 9 
14 7 . 13 
164 . 30 

19 . 76  
31 . 8 3 
4 7 . 9 4 
7 0 . 1 2 
9 9 . 9 1 
126 . 3 8 
151 . 82  
159 . 4 1 
188 . 9 2 

10 . 8 0 
19 . 10 
2 9 . 9 0 
9 0 . 5 3 

109 . 9 0 
152 . 0 3 
16 8 . 9 2 

11 . 2 5 
25 . 0 3 
53 . 4 1 
7 1 . 9 8  
9 2 . 3 2 

117 . 2 8 
165 . 4 1 
191 . 3 3 

19 . 5 6 
25 . 0 3 
32 . 3 3 
4 2 . 57 
53 . 0 1 

109 . 0 8 
127 . 2 8 
16 9 . 9 6 
185 . 7 4 
197 . 2 6 

a Calculated by compiler . 

ORIGINAL MEASUREMENTS : 

Price , L .  c .  
A m .  A s s n .  Pe t .  Ge o Z .  Bu Z Z .  

1 9 7 9 , 63 , 1527-3 3 .  

Solubilityc 

SCF/bbl 

13 5 . 3  
139 . 4  

19 . 9 2 
34 . 9 1 
54 . 7 5 
6 3 . 9 7 

108 . 2  
117 . 3  
1 4 0 . 0  
150 . 8  
161 . 9  
15 9 . 2  
169 . 3  
172 . 1  
181 . 0  

65 . 0  
101 . 6  
160 . 0  
2 0 6 . 3  
25 2 . 3  
264 . 9  
2 8 2 . 8  
2 9 2 . 5  
3 0 8 . 4  

2 2 . 5 9 
6 7 . 2 6 

115 . 2  
2 7 8 . 3  
2 9 3 . 9  
33 6 . 1  
3 4 9 . 9  

1 1 . 2 
132 . 2  
3 2 1 . 2  
3 77 . 9  
4 2 1 . 1 
4 7 4 . 0  
5 0 9 . 1  
527 . 6  

46 . 7 9 
134 . 7  
2 6 8 . 5  
4 2 2 . 1  
4 8 8 . 7  
6 6 9 . 7  
7 0 0 . 3  
7 7 5 . 9  
8 0 3 . 0  
8 2 8 . 8  

± 1 .  6 
± 4 . 1  
± 0 . 0 9 
± 1 . 4 1 
± 1 .  03  
± 0 . 8 2 
± 1 .  84  
± 0 . 3  
± 0 . 5  
± 4 . 9  
± 0 . 4  
± 2 . 6  
± 3 . 0  
± 1 .  9 
± 4 . 4  
± 3 . 7 0 
± 6 . 4 
± 2 . 1  
± 9 . 2  
± 0 . 7  
± 4 . 6  
± 8 . 8  
±1 9 . 6  
± 8 . 9  
± 0 . 0 8 
± 0 . 5 9 
± 6 . 4  
± 1 .  2 
± 3 . 9  
± 4 . 6  
± 8 . 5  
± 1 .  5 
± 3 . 7  
± 1 .  5 
± 4 . 5  
± 8 . 3  
± 6 . 5  
± 7 . 3  
± 5 . 7  
± 0 .  71  
± 3 . 4 5 
± 2 . 2  
±12 . 0  
± 5 . 5  
± 8 . 1  
± 1 1 .  3 
± 1 .  8 
± 1 .  7 
± 2 . 0  

Mole per cent of 
methane , b 

XCH � 

1 .  7 7 4  
1 .  8 2 8  
0 . 2612  
0 . 4 57 7  
0 .  7 1 7 8  
0 . 8 3 8 6  
1 .  4 1 9  
1 .  538  
1 .  835  
1 .  9 7 7  
2 . 12 3  
2 . 0 8 7  
2 . 2 2 0  
2 . 256  
2 . 3 7 3  
0 . 8 5 2 2  
1 .  332  
2 . 0 9 8  
2 . 7 0 5  
3 . 3 0 8  
3 . 4 7 3  
3 . 7 0 8  
3 . 835  
4 . 0 4 3  
0 . 2 9 6 2  
0 . 8 8 1 8  
1 . 510  
3 . 6 4 9  
3 . 853  
4 . 4 0 6  
4 . 5 87  
0 . 14 6 8  
1 .  7 3 3  
4 . 211 
4 . 9 5 4  
5 . 521  
6 . 214 
6 . 6 74  
6 . 917  
0 . 6134 
1 . 766  
3 . 52 0  
5 . 534  
6 . 4 0 7  
8 . 7 8 0  
9 . 181 

10 . 17 
10 . 5 3 
10 . 8 7 

b Calculated by compiler by multiplying solubility by conversion 
factor stated by author in original . 

c Unit of standard cubic feet per barrel of water . 



Water: Total Pressures Between 0.5 and 200 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; cH4 ; [ 7 4 - 8 2-8 ] Crovetto , R . ; Fernandez-Prini , R . ; 
Japas , M .  L .  

( 2 )  Water ; H20 ;  [ 7 7 3 2-18- 5 ]  
J .  Chern . Phy s .  19 82 , 76 , 1077-8 6 . 

VARIABLES :  PREPARED BY : 
T/K = 29 7 . 5  - 518 . 3  Fernandez-Prini p/MPa = 1 . 3 27 - 6 . 4 51 R.  

EXPERIMENTAL VALUES : 

T/K Total Methane Methane Mol Fraction ln (H/GPa) 1 
Pressure Volume Fugacity 1 0 4x p/MPa Fraction , y 1 

f/MPa 1 
---

2 9 7 . 5  1 . 8 61 0 . 9 9 8 3  1 .  7 9 8  4 . 3 51 1 .  419  
333 . 7  1 . 3 27 0 . 9 8 4 0  1 .  2 8 6  2 . 124  1 .  8 01 
3 8 5 . 3  2 . 0 92  0 . 9 2 2 6  1 .  9 0 8  2 . 9 8 5  1 .  8 5 5  
3 8 8 . 4  2 . 1 5 6  0 . 9 1 6 6  1 .  9 54 3 . 08 5  1 .  84 6 
4 3 0 . 6  2 . 131  0 .  7147  1 .  531  3 . 0 25  1 .  621  
473 . 2  3 . 210 0 . 4 873  1 .  618  4 . 14 6  1 .  3 6 2  
518 . 3  6 . 4 5 1  0 . 3 8 7 5  2 . 6 97 1 0 . 337  0 . 9 5 9  

1 Henry ' s  constant , H/GPa = <!1/GPa) /x1 . 
The smoothing equation was obtained from the data and the values of H 
for 2 8 8 ,  298 , and 3 0 8  K given in reference ( 1 ) . 
ln (H/GPa) = -8 . 68 1  + 7 . 8 3 7/ ( T/1000  K) - 1 . 509/ ( T/1000  K ) 2 

+ 0 . 0 2 0 6/ ( T/1000  K) 3 ( a = 0 . 01 7 )  
Thermodynamic quantities for the process CH4 (g , 0 . 1  MPa ,  T)  + 
CH4 ( 1 ,  x1 

= 1 ,  T) are below : 

T/K �Gl/kJ mol- 1  �Hl/kJ mol- 1 
--'=------

2 9 8 . 2  
4 0 0 . 0  
52 0 . 0  

2 6 . 2 8 
36 . 58 
43 . 8 9  

-13 . 3 2 
5 . 63  

18 . 8 0 

� Sl/J ( K  mol ) - 1 

1 3 2 . 6  
77 . 4  
4 8 . 1  

244  
14 1 

8 5  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson (UHP ) 

9 9 . 9 7 mol % .  
The method involved the equilibra
tion of the gas with the l iquid and 
the determination of the gas mole 
fraction by sampling the equilibrated 
liquid phase . Henry ' s  constant was 
obtained for each temperature by 
employing second virial coefficients 
for pure components and mixture in 
order to correct for non-ideal 
behavior in the gas phase . 

( 2 )  Water . Conductivity water . 

The gas was equil ibrated in a 
thermostated stainless steel vessel 
which was continuously rocked . 
Weighed samples of the liquid 
phase were withdrawn and the amount 
of dissolved gas determined with a 
gas buret . The system was then 
taken to a new temperature . Pres
sures were measured wi th 
cal ibrated Bourdon gauges . 

ESTIMATED ERROR: c T /K = ± 0 . 2  
(Authors ' )  c p/p = ± 0 . 0 03  

c x 1;x 1 
= ± 0 . 0 0 5  

( T/K�5 2 0 )  c H/H = ± 0 . 01 -

REFERENCES : 
1 .  Wilhelm ,  E . ; Battino , R . ; 

Wilcock , R .  J .  
Chern.  le v .  1977 , 7 7 ,  219 . 

0 . 02 

41 



42 Water: Total Pressures Between 0.5 and 200 M Pa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Wate r ;  H2o ;  [ 7732-18- 5 ]  

VARIABLES :  
T/K = 2 9 8 . 1 5 

p 1jkPa = 2 4 1 0  - 5170  

EXPERIMENTAL VALUES : 

Temperature Pressure 

ORIGINAL MEASUREMENTS : 

Stoessell , R .  K . ; Byrne , P .  A .  

Ctays Ctay Min e r .  1982,  J O ,  67-72 . 

Ge oahim . Cosmoahim . Aata 1 9 8 2, 46,  
1327-32 . 

P REPARED BY : 

H .  L .  Clever 

Methane 

Mol Fraction 
t/ ° C T/K p 1/psia p 1/kPa m1/mol kg- 1 10 4x 1 
--

2 5  298 . 15 350  2 4 1 0  0 .  0318a 5 . 7 3 
o .  0 3 19b 5 . 7 4 

550  3 7 9 0  0 . 0 4 7 3� 8 . 51 
0 . 0 4 8 3  8 . 6 9 

7 5 0  5170 0 . 0 6 2 3� 11 . 2 1 
0 . 0 6 17 11 . 10 

a Values from first reference above . 

b Values from second reference above . 

The kPa pressure and the mole fraction values were calculated 
by the compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Solubility determinations were made 
using a titanium-lined chamber within 
a stainless-steel reaction vessel 
j acketted by a water bath for temp
erature control . The system pressure 
was set by controlling the input and 
output of methane within the chamber 
headpiece . The vessel was rocked for 
3 h to allow equilibration between 
the methane and water.  

The amount of gas in the saturated 
solution was measured by transfer o f  
a sample volume to a loop a t  the 
system pressure , followed by flashing 
the sample in an expansion loop and 
measuring the gas pressure in a known 
volume . The total gas volume and 
pressure change were used to compute 
the moles of methane assuming ideal 
behavior . A correction was made for 
the gas not released on flashing . 

SOURCE AND PURITY OF MATERIALS : 

( 1 ) Methane . Matheson Co . ,  Inc . 
Ultra high purity grade . Stated 
to have a minimum purity of 
99 . 9 7 mole percent.  

( 2 )  Water . Distilled . 

ESTIMATED ERROR: 

cS T/K = 
cSp /psia = 

oml /moi kg- 1 = 
REFERENCES : 

± 0 . 1  
± 1 
± 0 . 0 0 0 3  Av . 
± 0 . 0 0 0 5  Max . 



Water: Total Pressures Between 0.5 and 200 MPa 43 

COMPONENTS : 

( 1 )  Methane ; CH
4 ; [ 7 4-82-8 ]  

( 2 )  Water ; H2o ;  [ 7 732-18-5 ] 

VARIABLES : 
T/K = 2 7 7 . 2  - 5 7 3 . 2  

P t/MPa = 1 . 1 - 13 . 2  

EXPERIMENTAL VALUES : 

Temperature Total Henry ' s  
Pressure Constant 

t/ ° C T/K p/MPa k/MPa 
--- ---

0 2 7 3 . 2  2 4 6 0  

4 . 0  27 7 . 2  3 . 0  2 5 8 0  
12 . 6  2 8 5 . 8  3 . 0  3 4 3 0  

2 0  2 9 3 . 3 3 9 5 0  
4 0  3 1 3 . 2 5 3 7 0 

4 2 . 0  315 . 2  1 . 1  5 8 0 0  
6 0  33 3 . 2  6 4 2 0  

61 . 0  334 . 2  1 . 1  6 2 6 0  

8 0  35 3 . 2 6 9 4 0  

9 0 . 4  3 6 3 . 6  1 . 1  6 610 
1 0 0  3 '1 3 . 2 6 9 3 0  

111 . 0  3 8 4 . 2  1 . 2  6 310 
1 2 0  3 9 3 . 2 6 5 1 0  
1 4 0  4 1 3 . 2 5 8 5 0  

159 . 3  4 3 2 . 5  1 . 1  4 8 9 0  

1 6 0  4 3 3 . 2 5 0 '10 
1 8 0  4 5 3 . 2 4 2 9 0  

ORIGINAL MEASUREMENTS : 

Cramer , S .  D • .  

Ind.  Eng . Chern . Proaeaa Des .  Dev . 
19 8 4 ,  2 3 ,  5 3 3-8 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Total Henry ' s  
Pres sure Constant 

t/ °C T/K p/MPa k/MPa 
---

184 . 3  457 . 5  5 . 7  4 0 5 0  
1 8 7 . 7  4 6 0 . 9  7 . 2  3 9 9 0  
193 . 3  4 6 6 . 5  6 . 9  312 0 
2 0 0  4 '1 3 . 2 3 5 8 0  

210 . 7  4 8 3 . 9  6 . 9  3 0 8 0  

2 2 0  4 9 3 . 2 2 9 5 0  

239 . 7  512 . 9  6 . 9  2 5 8 0  

2 4 0  5 1 3 . 2 2 4 3 0  
2 6 0  5 3 3 . 2 2 0 1 0  

264 . 4  537 . 6  10 . 5  2 0 4 0  
2 6 9 . 2  5 42 . 4  8 . 0  2 2 4 0  

2 8 0  5 5 3 . 2 1 6 '1 0 

2 81 . 0  554 . 2  12 . 0  1 7 8 0  
3 00 . 0  573 . 2  13 . 2  11 3 0  

3 0 0  5 '13 . 2 1 4 0 0  

The values in i ta t ia are the author ' s  
smoothed values . S ix additional val-
ues from ref 1 were included in the 
smoothing . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Methane solubilities were deter
mined from p vT measurements by the 
gas extraction technique . The meas
uring apparatus consisted o f :  ( i )  a 
high pressure , thermostated , stirred 
reactor for dissolving gas in the 
solvent ; ( i i )  a heat exchanger for 
bringing the gas saturated solvent 
to room temperature ; and ( i i i )  a low 
pressure , thermostated gas buret for 
making pvT measurements on collected 
samples of vapor and liquid . The 
apparatus and its operation were 
described earlier (ref 2 ) . 

Four to eight gas-saturated solu
tion samples were taken and analyzed 
at 15 - 30 minute intervals after 
the time determined necessary for 
saturation . Henry ' s  constants were 
computed (ref 2 )  and smoothed by a 
specially developed equation ( ref 3 )  

Henry ' s  constant , k
0 

= f/a = 
< •p 1 ) / (yx1 ) .  p1 = p - p 2 ; • from 
reduced propert�es cfiart . See paper.  

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . 
No information . 

( 2 )  Water.  

Henry ' s  constants from ( re f  1 )  
corrected by author for H2o vapor 
presure . (T/k) ( unit as above ) . 

2 9 8 . 2/4550 ; 311 . 0/53 60 ; 344 . 3/6900  
37 7 . 6/7320 ; 411 . 0/6 3 20 ; 4 4 4 . 3/50 4 0  

ESTIMATED ERROR: 

ok/k = ± 0 . 0 58 ( author ' s  est exp . 
error) 

Rel std error of estimate 5 . 1-10 . 5  % .  

REFERENCES : 
1 .  Culbertson , O . L . ;  McKetta , J . J . , Jr .  

Pe � .  Trans . AIME 1 9 5 1 ,  l 9 2 ,  223 . 
2 .  Cramer , S .  D .  In�ng . Che rn .  

Proaeaa Des .  Dev .  1 9 8 0 ,  1 9 ,  300 . 
3 .  Cramer , S . D .  Ind.  Eng . Chern.  

Pro aeaa De  a .  Dev .  1984,  2 3 ,  618 . 



44 Water: Total Pressures Between 0.5 and 200 MPa 

COMPONENTS : 

1 .  Methane ; CH
4

; [ 74-82-8 ]  

2 .  Water ; H
2

0 ;  [ 7732-18-5 ]  

VARIABLES : 

Tempe r a ture , pressure 

EXPERIMENTAL VALUES : 

---

T/K P/MPa 

-- -

298 . 2  2 . 5  
5 . 0  
7 . 5  

10 . 0  
12 . 5  

313 . 2  2 . 5  
5 . 0  
7 . 5  

10 . 0  
12 . 5  

338 . 2  2 . 5  
5 . 0  
7 . 5  

10 . 0  
12 . 5  

-- - -

ORIGINAL MEASUREMENTS : 

Yaryw-Agaev , N .  L . ; 
Si nyavskaya , R .  P . ; Ko l i us hko , I . L . ; 
Levir.ton , L .  Ya . ;  
Z h . P r l k l . K h 1 m . , 1985 , 5 8 ( 1 ) ,  165-8 . 

PREPARED BY : 
c .  L .  Young 

Mo l e  fraction o f  methane 
i n  l iquid i n  vapour 

0 . 000599 0 . 99746 
0 .  00112 0 . 99854 
0 . 00146 0 . 999066 
0 . 00190 0 . 999180 
0 . 00221 0 . 999416 
0 . 000490 0 . 99697 
0 . 000929 0 . 99813 
0 . 00127 0 . 99866 
0 . 00164 0 . 99888 
0 . 00187 0 . 999074 
0 . 000405 0 . 99017 
0 . 000771 0 . 99391 
0 . 00110 0 . 99552 
0 . 00136 0 . 99652 
0 . 00162 0 . 99702 

AUXI LIARY I NFORHATION 

METHOD /APPARATUS /PROCEDURE : 

F l ow methcd : dry methane passed 
through a series of six saturators 
contain�ng water , each f itted with a 
d i f fuser . gas then pa ssed through 
a demi ster f itted with packed gau z e . 
F l ow rjte of me thane was about 
200 em hr . Gas then passed through 
a heated need l e  va l ve to near 
atmosphe ric pressure . Samp l e s  of 

SOURCE AND PURITY OF MATERIALS : 

1 .  Purity 99 . 95 mas s  per cent . 
2 .  Disti l l ed . 

ga s analysed either GC or by freez ing
�������------------------------� out water and e s t ima ting gravi - ESTIMATED ERROR: 

me tr�ca l l y  and estimating methane a T/K =± O . l ; a p/MPa =± 0 . 05 ;  
vo l umetri cal l y .  ax, a y =± 0 . 003 ( e stimated by 

compi ler ) 

REFERENCES : 



COHPONENTS : 

{ 1 )  Methane ; cH4 ; [ 74-82-8 ]  

{ 2 )  Water-d2 ; D2o ;  [ 7 7 8 9-20- 0 ]  

CRITI CAL EVALUATION : 

Water-d2 

EVALUATOR : 

Rubin Battino 
Department of Chemistry 
Wright State University 
Dayton , OH 4 5 4 3 5  USA 

June 1984 

The Solubility of Methane in Water-d2 . [CH4 + D20J . 

45 

Three laboratories report the solubility of methane in water-d2 • Two 

of the studies are at a methane partial pressure of about atmospheric over 

the 278  - 318 K temperature range ( 1 ,  2 ) , and the third paper { 3 )  covers 

the 278  - 518 K temperature interval at partial pressures up to 3 . 5  MPa . 

All three laboratories present data of similar precision . 

The data have been treated to obtain three smoothing equations . The 

first equation is from a linear regression of the mole fraction solubility 

at a partial pressure of 0 . 101325 MPa over the 2 7 8  - 318 K temperature 

range from papers 1 and 2 .  

ln x1 = -55 . 6 4 9 9  + 7 3 . 9115/T + 18 . 6 0 6 5  ln T { 1 )  

where T = T/100 K .  The equation has a s tandard deviation o f  0 . 013 in ln x1 

or about 1 . 0  per cent in x1 at the middle of the temperature interval . 

The second equation is the equation used to construct the table of 

tentative solubility values . For this equation the pressure dependent data 

of Crovetto et a t . { 3 )  were extraplolated to a methane partial pressure of 

0 . 101325  MPa and combined with the atmospheric solubility data from papers 

1 and 2 to obtain the equation 

ln x1 = -120 . 8 9 4  + 164 . 161/< + 6 7 . 1928  ln T -6 . 6750  T { 2 )  

for the 2 7 8  - 5 1 8  K temperature interval for a methane partial pressure o f  

0 . 101325 MPa .  The standard deviation in ln x1 is 0 . 017 which i s  about 1 . 7  

per cent in x1 at the middle of the temperature range . 

The third equation is from a linear regression of the mole fraction 

methane solubility as a function of temperature and pressure from paper 3 .  

ln x1 = -55 . 6 332  + 75 . 0 3 7 3/< + 20 . 3725  ln ' + 0 . 8 4 8 0 85 ln {p/MPa)  { 3 )  

where p i s  the methane fugacity and ' = T/100 K .  The standard deviation in 

ln xl is 0 . 02 9  which is about 0 . 9  per cent in x1 at the middle of the 

temperature range . The equation is for a temperature range of 2 7 8  - 518  K 

and a pressure {methane fugacity) up to 3 . 5  MPa . 

Equation 2 is the evaluator ' s  choice to represent the mole fraction 

solubility of methane in water-d2 {heavy water) for the 278  - 518 K 

temperature range at a methane partial pressure of 0 . 101325  MPa . Values of 
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COHPONENTS : 

( 1 )  Methane ; cH4 ; [ 7 4-82-8 ]  

( 2 }  Water-d2 ; D20 ;  [ 7 7 89-20-0 ] 

CRITICAL EVALUATION : 

Water-d2 

EVALUATOR : 

Rubin Battino 
Department of Chemistr 
Wright State University 
Dayton , OH 4 5 4 3 5  USA 

June 1 9 8 4  

the solubility and thermodynamic changes based o n  Equation 2 are given 

below in Table 1 .  

Table 1 .  The solubility o f  methane in water-d2 at 2 5  K intervals over the 
the 2 7 3 . 15 to 57 3 . 15 K temperature interval at a methane partial 
pressure of 0 . 101325  MPa . 

T/K 

2 7 3 . 15 
2 9 8 . 15 

3 2 3 . 15 
34 8 . 15 
3 7 3 . 15 
3 9 8 . 15 

4 23 . 15 
4 4 8 . 15 
4 7 3 . 15 
4 9 8 . 15 

52 3 . 15 
5 4 8 . 15 
573 . 15 

Thermodynamic changes for the transfer of one mole of methane 
from the gas pahse at a partial pressure of 0 . 101325  MPa to the 
infinitely dilute solution . 

Mol Fraction Ostwald 
Coefficient t:,TJO / t:.YJO I AS0 / t:,7JO I 

10 5x 
1 1 1 P 1  1 

10 2 L/cm3 cm- 3 kJ mol- 1 kJ mol- 1 J K- 1 J K- 1mol- 1 
mol- 1 

5 . 170 5 . 789  2 2 . 4 15 -21 . 57 6  -161 . 1  2 8 2 . 7  
2 . 6 3 6  3 . 213  2 6 . 137  -14 . 82 3  -137 . 4  2 5 7 . 5  

1 .  8 2 4  2 . 3 8 8  2 9 . 317 - 8 . 7 0 2  -117 . 7  2 32 . 2  
1 . 555  2 . 16 4  3 2 . 0 4 7  - 3 . 2 1 2  -101 . 3  2 06 . 0  
1 .  527  2 . 2 39  34 . 4 0 5  + 1 .  6 4 6  - 8 7 . 8  1 81 . 7  
1 . 64 8  2 . 52 6  3 6 . 4 5 8  5 . 87 3  - 76 . 8  1 5 6 . 5  

1 .  8 9 0  3 . 007  38 . 26 4  9 . 4 6 8  - 6 8 . 1  13 1 . 2  
2 . 2 50  3 . 6 8 6  39 . 8 7 7  12 . 4 3 3  - 6 1 . 2  105 . 9  
2 .  7 2 9  4 . 5 70  4 1 . 341  14 . 7 6 6  - 5 6 . 2  8 0 . 7  
3 . 333 5 . 6 5 4  4 2 . 6 9 8  16 . 4 6 7  - 52 . 7  5 5 . 4  

4 . 057 6 . 9 0 4  4 3 . 98 5  17 . 537  - 5 0 . 6  3 0 . 2  
4 . 8 9 0  8 . 2 4 6  4 5 . 23 6  17 . 976  - 4 9 . 7  4 . 9  
5 . 8 0 6  9 . 55 2  4 6 . 4 8 2  17 . 7 8 3  - 5 0 . 1  -20 . 3  

The Ostwald coef ficient is  defined as volume of gas per volume of 
pure solvent . 

There is a minimum in the mole fraction solubility near a temperature 
of 3 7 3 . 15 K .  

REFERENCES .  

1 .  Ben-Naim , A . ; Wil f ,  J . ; Yaacobi , M. J .  Phy s .  Chern.  1973,  7 7, 95-102 

2 .  Cosgrove , B .  A . ; Walkley , J .  J .  Chvornatogv . 1981,  2 1 6 , 161-7 . 

3 .  Crovetto , R. ; Fernandez-Prin i ,  R . ; Japas , M .  L .  
J .  Chern . Phy a .  1 9 8 2 ,  76, 1077- 8 6 . 



Water-d2 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2- 8 ]  

( 2 }  Water-d2 ; o2o ;  [ 7 7 8 9-20-0 ]  

Ben-Naim , A. ; Wilf , J . ; Jaacobi , M .  

J. Phy s .  Chern.  1973,  7 7 ,  95 102 . 

VARIABLES : 
T/K = 278 . 15 - 2 9 8 . 15 

P 1/kPa = 101 . 325  

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature 

5 
10 
15 
20  
25 

2 7 8 . 15 
2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 

Mol Fraction 

4 . 3 6 
3 . 7 9 
3 . 3 3 
2 . 9 7 
2 . 6 8  

Ostwald 
Coefficient 

L/cm 3 cm- 3  

0 . 0 5 4 9  
0 . 0 4 8 5  
0 . 0 4 3 4  
0 . 0 3 9 3  
0 . 0 3 6 0  

The compiler added the Kelvin temperatures .  

The compiler calculated the mole fract�on solubility 
values at 1 atm {101 . 325 kPa ) partial pressure using 
real methane gas molar volumes . The use of real molar 
volumes inplace of ideal volumes increases the mole 
fraction solubility by about 0 . 22 percent . 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

{ 1 )  Methane . Matheson Co . ,  Inc . 
Purity 9 9 . 9 7 percent. 
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The method of Ben-Naim and Baer 
{ref 1) was used . The apparatus was 
modified by the addition of Teflon 
stopcocks . ( 2 }  Water-d2 • Darmstadt . Purity 

9 9 . 75 percent.  Used as received . 
The degassed solvent in a volu

metric container is forced by a 
stirrer created vortex up side arms 
and through tubes containing solvent 
vapor saturated gas . The gas uptake 
is measured on a buret at constant 
pressure . 

ESTIMATED ERROR: 

oL/L = ± 0 . 005  {compiler) 

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , s .  
Tran s .  Faraday Boa . 1 9 6 3 ,  5 9 ,  
2 7 3 5 . 



48 Water-d2 

COMPONENTS : 
( 1 )  Methane 1 CH4 1 [ 74 - 8 2 - 8 ]  

( 2 )  Water-d2 1 o2o 1 [ 7 789-20-0 ]  

VARIABLES :  
T/K = 278 . 15 - 318 . 1 5 

p1 /kPa = 101 . 3 2 5  

EXPERIMENTAL VALUES :  
Temperature 

T/K 

278 . 1 5  
283 . 1 5 
28 8 . 1 5  
293 . 1 5  
298 . 1 5  
3 03 . 1 5 
3 0 8 . 1 5  
313 . 1 5  
318 . 1 5  

ORIGINAL MEASUREMENTS : 

Cosgrove , B .  A . 1 Walkley , J .  

J .  Chromatogr . 1981 , 21 6 ,  161 - 7 .  

PREPARED BY : 

H .  L .  Clever 

Mol Fraction 
10 4.x 1 
0 . 4 371 
0 . 3 7 3 2  

0 . 3 0 0 6  
0 . 2 6 5 5  
0 . 23 8 2  
0 . 2172  
0 . 2 0 8 0  
0 . 18 5 4  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A 2 0  ml volume of degassed solvent 
( sublimation technique ) is trans
ferred to a previously evacuated 
( 1 0- 4 mmHg ) saturation cell immersed 
in an insulated controlled (± 0 . 01 K) 
water bath . The gas is dispersed 
through the constantly stirred solu
tion at 1 atm by a course,  fritted 
glass disc . Saturation is obtained 
within a few hours . Prior to analy
sis the solution is allowed to sit 
under one atm gas pressure for one 
hour . 
A saturated sample is  withdrawn from 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . No information . 

( 2 )  Water-d2 • No information . 

ESTIMATED ERROR: 

the saturation cell using a grease- o .x1;.x1 = ± 0 . 015 ( compiler) 
less , gas tight ( 2 . 500  ± 0 . 0 01 ml ) 
Gilmont syringe . A 0 . 2 50  ml sample 
is inj ected to "wet" the frit . It is REFERENCES : 
stripped and then four 0 . 5 00 ml sam-
ples are inj ected sequentially into 
the cell . The stripped gas is dried 
before entering the column . The gas 
is analyzed on a dual filament con-
ductivity detector . Calibrations 
with pure gas are made dry before and 
wet after each series of runs . 



COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2- 8 ]  

Water-d2 

ORIGINAL MEASUREMENTS : 
Crovetto , R. ; Fernande z-Prini , R. ; 

Japas , M .  L .  
( 2 )  Water-d2 o r  deuterium oxide ; n2o ;  

[ 7 7 8 9-20- 0 ]  J .  Chern . Phy s , 1 9 8 2 ,  7 6 .  1077- 86 . 

VARIABLES :  PREPARED BY : 
T/K = 298 . 2  - 517 . 5  

p/MPa = 1 . 7 7 3  - 7 . 2 20  R .  Fernandez-Prini 

EXPERIMENTAL VALUES :  

T/K Total Methane Methane Mol Fraction ln (H/GPa) 1 
Pressure Volume Fugacity 10 4x p/MPa Fraction , y l f1 /MPa 1 

---
298 . 2  1 . 8 5 2  0 . 9984  1 .  789  4 . 515 1 .  377 
323 . 2  1 . 8 0 3  0 . 9 9 3 5  1 .  7 4 9  3 . 187  1 .  7 0 2  
355 . 2  1 .  7 7 3  0 .  9716  1 .  696  2 . 56 5  1 . 8 8 5  
393 . 3  2 . 0 6 2  0 . 9 021 1 .  843  2 . 9 83  1 . 8 21 
4 4 6 . 1  2 . 5 04  0 . 6 4 7 9  1 .  6 3 9  3 . 5 62 1 . 527  
474 . 4  4 . 115 0 . 5 852  2 . 4 73 6 . 7 4 0  1 .  3 0 0  
4 7 9 . 9  4 . 4 6 5  0 . 5704 2 . 6 25 7 . 3 74  1 . 27 0  
517 . 5  7 . 2 20  0 . 4 510  3 . 4 85 13 . 4 4 0  0 . 953 

1 Henry ' s  constant , H/GPa = (f1 /GPa) /x1 . 

ln ( H/GPa) = - 9 . 062 + 8 . 14 8/ ( T/1000 K)  - 1 . 5 8 0 8/ ( T/1000 K) 2 

+ 0 . 0236/ ( T/1 000  K)  3 ( 0 = 0 . 01 0 )  

Thermodynamic quantities for the process CH4 ( g ,  0 . 1  MPa , T )  + 
CH4 ( 1 ,  x1 = 1 ,  T) are below : 

T/K 6G1/kJ mol- 1 6H1/kJ mol- 1 6S 0/J (K mol ) - 1 
1 

2 9 8 . 2  
4 00 . 0  
520 . 0  

2 6 . 2 0 
3 6 . 5 6 
43 . 7 7 

-13 . 81 
5 .  71 

19 . 37 

134 . 3  
7 7  . o  
4 6 . 9  

251 
14 6 

8 9  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
The method involved the equilibration 
of the gas with the liquid and the 
determination of the gas mole fraction 
by sampling the equilibrated liquid 
phase .  Henry ' s  constant was obtained 
for each temperature by employing 
second virial coefficients for pure 
components and mixture in order to 
correct for non-ideal behavior in 
the gas phase . 

The gas was equilibrated in a ther-

SOURCE AND PURITY OF MATERIALS : 
{ 1 )  Methane . Matheson (UHP ) 

9 9 . 97 mol % .  

( 2 )  Water-d2 • CNEA , 9 9 . 8  mol%  
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mostated stainless steel vessel which ����������--���----------� 
was continuously rocked . Weighed ESTIMATED ERROR: o T /K ± 0 . 2  
samples of the liquid phase were with- (Authors ' )  o p/p 
drawn and the amount of dissolved ga s o x1 !x1 determined with a gas buret . The ( T/K�5 2 0 )  o H/H system wa s then taken to a new 
temperature . Pressures were 
measured with cal ibrated Bourdon 
gauges .  

REFERENCES : 

= 
= 
= 

= 

± 0 . 0 03 
± 0 . 0 05 

± 0 . 01 - 0 . 02 
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COHPONENTS : 

1 .  Methane ; CH4 ; [74 -8 2-8 ] 

2 .  Sea Water 

CRITICAL EVALUATION : 

Seawater 

EVALUATOR: 
Denis A .  Wiesenburg 
Biological & Chemical Oceanography 

Branch - Oceanography Division 
Naval Ocean Research & Development 

Activity 
NSTL Station , Mi ssissippi 39529  U . S . A .  
April 1 9 8 3  

There are three reports of the solubility of methane i n  sea water 
( 1- 3 ) , but only one of these has an extensive amount of data . Yamamoto 
et al . ( 1 )  report 2 0 1  solubility measurements for distil led water and five 
salinities ( 2 7 . 7 3 8 ,  3 3 . 4 6 1 ,  3 3 . 5 1 5 ,  33 . 6 2 9 , 39 . 379 • ; • •  ) for many different 
temperatures between 273 . 9 1 and 3 03 . 16 K. Their solubility measurements 
are estimated to have an accuracy of 0 . 5% .  Atkinson and Richards ( 2 )  
reported seven calculated solubilities for sea water o f  3 6 ° / • •  salinity 
based on 12 unreported measurements of methane solubility in sea water 
having a salinity of 40 ° / • • · Their measurement technique was not reported . 
They determined a linear relationship for their data with temperature and 
used Winkler ' s  ( 4 )  values for the solubility of methane in distilled water 
to calculate the Bunsen coefficients for 3 6 ° / • •  salinity , assuming 
solubility to be a l inear function of salinity between 0 and 4 0 • ; • • • 
Their calculated data in the temperature range 273 . 15 - 30 3 . 1 5 K was from 
6 %  greater to 5 %  less than the results of Yamamoto et al . ( 1 ) . Yamamoto 
et al . ( 1 ) reported that R .  F .  Weiss made one measurement of methane 
solUbility at 2 8 8 . 24 K and sal inity 36 . 4 2 5 ° / • •  us ing the Scholander 
microgasometric technique ( 5 ) . The value he obtained (a = 0 . 0 3 0 2 3 )  agreed 
within 0 . 7 % with the measurements of Yamamoto et al . ( 1 )  at that temper
ature and sal inity . 

Stoessell and Byrne ( 3 )  reported three averaged methane solubil ity 
measurements at 2 9 8 . 15 K for sea water with a salinity of 34 . 8 4 ° / o o  at 
high methane pressures ( 24 10 ,  37 9 0 ,  5170  kPa) . Their values , when 
converted to Bunsen coefficients at 1 atm, showed up to +10 % variation 
with those of Yamamoto et al . ( 1 )  and were not included in the smoothing 
equation . 

The experimental results of Yamamoto et al . ( 1 )  are considered to be 
of sufficient reliability to use in a smoothing equation . This decision 
was based not only on the qual ity control during their experiments and 
self-consistency of the measurements , but also upon the fact that these 
investigators had measured hydrogen solubility ( 6 )  us ing the same methods 
and equipment and obtained good agreement with other published results ( 7 ) . 
Their methane data ( 1 )  have been fitted ( 8 )  by the method of least squares 
to an equation developed by Weiss ( 9 )  which expresses solubility as the 
natural logarithm of the Bunsen coefficient , a ,  and is consistent with 
both the integrated form of the van ' t  Hoff equation and the Setchenow salt 
effect relation . The equation for methane is  val id from 2 7 3 . 15 to 303 . 15 K 
and a salinity range , S ,  of 0 to 4 0 ° / • • · The smooth equation reproduced 
the combined hydrogen data with a root-mean-square deviation of 1 . 8  x lo- 4 
units (�0 . 3 9 % ) . The equation is 

ln a =  -6 8 . 8 8 6 2  + 101 . 4 9 5 6  ( lO O K/T) + 2 8 . 7314 ln (T/100  K)  

+ S [-0 . 0 7 6 1 4 6  + 0 . 0 4 3970  (T/100 K )  - 0 . 0 0 6 8 6 7 2  (T/100K) 2 J 

where S is the salinity in parts per thousand . Wiesenburg and Guinasso 
( 8 )  give an extensive table of methane Bunsen coefficients calculated 
from the above equation . 

Although the Bunsen solubility coefficients are well defined by the 
above equation , for practical purposes , oceanographers require the 
atmospheric equilibrium solubility values in their work . Weiss ( 9 )  has 
proposed an equation similar to the above which expresses the atmospheric 
equilibrium solubility from moist air at 1 atm total pressure , in units of 
volume (STP) dm-3 , as a function of sal inity and temperature . In working 
with samples from the depths of the ocean , it is also advantageous to 
express atmospheric solubilities in terms of mol kg-1 , which are pressure 
and temperature independent (9 , 10 ) . Weiss ' atmospheric solubil ity 
equation is based on the assumption of a constant atmospheric concentra
tion of methane . Since methane is variable in the atmosphere , Weiss ' 
( 9 )  equation has been modified ( 8 )  to include the atmospheric concentration 



COHPONENTS : 

1 .  Methane ; CH 4 ; [74 -82-8 ] 

2 .  Sea Water 

Seawater 

EVALUATOR : 

Denis A .  Wiesenburg 
Biological & Chemical Oceanography 

Branch - Oceanography Division 
Naval Ocean Research & Development 

Activity 

5 1  

NSTL Station , Mississ ippi 39529  U . S . A 
April 1 9 8 3  

CRITI CAL EVALUATION : 

as a variable . The data set for methane ( 1 )  has been fitted ( 8 )  to the 
equations 

ln c1/nl dm- 3 = fg - 412 . 1710 + 59 6 . 8104  (100/T ) 

+ 379 . 2599  ln (T/1 0 0 )  - 6 2 . 0 7 5 7  (T/1 0 0 )  

+ S [- 0 . 059160  + 0 . 032174  (T/100 ) - 0 . 0 0 4 8198 (T/1 0 0 ) 2 ]  

ln m1/nmol kg-l = fg - 417 . 5053  + 5 9 9 . 8626  (100/T ) 

+ 3 8 0 . 3 6 3 6  ln (T/100 ) - 6 2 . 0764  (T/1 0 0 )  

+ S [-0 . 0 6 4 2 3 6  + 0 . 0 3 4 9 8 0  (T/1 0 0 )  - 0 . 0 052732  (T/1 0 0 ) 2] 

where fg is the mole fraction of methane in dry air . In these calculations 
methane was assumed to be an ideal gas . Vapor pressure for pure water 
was calculated using the equation of Br idgeman and Aldrich ( 1 1 )  and 
corrected for sal inity effects us ing th e expression of Rob inson ( 1 2 ) . 
Knudsen ' s  ( 1 3 )  formula was used to calculate densities . These two 
equations can be used to calculate the atmospheric equil ibrium solubility 
of methane under any given conditions of temperature , salinity , and 
atmospheric concentration . Us ing an atmospheric methane mole fraction 
of 1 . 41 x 10 -6 (14 ) the equations reproduce the individual calculated 
atmospheric solubilities with a root-mean-square deviation of 0 . 4 8 % . 
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COHPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ] 
2 .  Sea Water 

EXPERIMENTAL VALUES : 

0 . 0 
Temp/K Bunsen 

Coeffic ient 
a. 

2 7 3 . 91 0 . 0 5 5 9 2  
2 7 3 . 9 3 0 . 0 5 6 1 2  
2 7 3 . 9 4 0 . 0 5 6 1 3  
2 7 3 . 9 5 0 . 0 5 6 0 0  
273 . 9 5 0 .  05591  
2 7 3 . 9 6 0 . 0 5 6 04 
2 7 8 . 0 7 0 . 04 9 5 7  
2 7 8 . 09 0 . 04 9 6 3  
2 7 8 . 1 0  0 . 04 9 7 3  
2 7 8 . 11 0 . 04 9 6 3  
2 7 8 . 1 2 0 . 0 4 9 6 8  
284 . 05 0 . 04 2 3 5 
284 . 08 0 . 0 4 2 1 6  
284 . 08 0 . 0 4 2 4 2  
2 8 4 . 0 9 0 . 0 4 2 2 4  
284 . 0 9 0 . 0 4 2 2 0  
2 8 4 . 09 0 . 0 4 2 3 8  
2 8 4 . 1 0 0 . 04 2 2 4  
284 . 1 0 0 . 04 2 2 6  
284 . 11 0 . 0 4 2 5 2  
291 . 14 0 . 0 3 6 0 6  
291 . 1 5  0 . 0 3 6 0 3  
2 91 . 1 6 0 . 03619  
291 . 1 7  0 . 0 3 6 0 7  
291 . 1 7 0 . 0 3 6 0 6  
29 7 . 2 5 0 . 0 3 1 9 6  
297 . 2 6 0 . 03192  
297 . 3 0 0 . 0 31 8 9  
2 9 7 . 31 Q . 0 3 211 
297 . 32 0 . 0 3 2 0 0  
3 02 . 6 7 0 . 0 2 9 1 5  
3 02 . 6 9 0 . 02913  
3 0 2 . 69  0 . 02915  
3 0 2 . 69  0 . 02911 
3 0 2 . 7 0 0 . 0 2 9 01 

Cont�nued on next page . 

Seawater 

ORIGINAL MEASUREY�NTS : 

Yamamoto , S . ; Alcauskas ,  J .  B . ;  
Crozier , T .  E .  J .  Chern . Eng . Data 
1 97 6 , 2 1 1 7 8-0 0 .  

Salinity % o  
2 7 . 7 3 8  3 3 . 4 61 

Temp/K Bunsen Temp/K Bunsen 
Coefficient Coefficient 

a. a. 

2 7 5 . 22 0 . 0 4 4 3 1  274 . 75 0 . 04 3 0 5  
2 7 5 . 2 3 0 . 0 4 4 3 3  274 . 75 0 . 04299  
2 7 5 . 2 3 0 . 0 4 4 1 8  274 . 7 5 0 . 04294  
2 7 5 . 24  0 . 04 4 1 2  274 . 7 5 0 . 04 3 04 
2 7 5 . 2 4 0 . 04410  2 7 4 . 8 0 0 . 04 2 8 2  
2 7 5 . 24 0 . 0 4 4 1 0  274 . 8 5  0 . 04 301 
2 7 5 . 3 0 0 . 0 4 4 2 0  2 7 4 . 8 5 0 . 04 302  
2 7 5 . 5 5 0 . 0 4 3 8 5  27 4 . 8 5 0 . 0 4 2 9 8  
2 7 5 . 6 3 0 . 0 4 3 9 4  2 7 4 . 8 8 0 . 0 4 2 9 1  
2 8 2 . 6 0 0 . 0 3 6 5 0  2 7 4 . 9 4 0 . 04312  
2 8 2 . 6 0 0 . 0 3 6 5 7  2 74 . 9 4 0 . 0 4 2 7 8  
2 8 2 . 6 0 0 . 0 3 6 3 7  2 7 4 . 9 5 0 . 0 4 2 8 7  
2 8 2 . 6 0  0 . 0 3 6 2 6  
2 8 2 . 6 0 0 . 03659  
2 8 2 . 6 0 0 . 0 3 6 6 0  
28 2 . 6 0 0 . 0 3 6 4 8  
2 8 2 . 6 0 0 . 0 3 6 6 9  
2 8 2 . 61 0 . 0 3 6 7 0  
28 2 . 6 8 0 . 0 3 6 3 1  
2 8 2 . 6 9 0 . 0 3 611 
2 8 2 . 70 0 . 0 3 6 4 0  
28 2 . 7 0 0 . 0 3 6 6 7  
2 8 2 . 7 0 0 . 0 3 6 4 9  
2 8 2 . 71 0 . 0 3 6 5 3  
2 8 2 . 9 0 0 . 0 3 6 2 0  
2 8 8 . 1 5 0 . 0 3 2 3 8  
2 8 8 . 1 5 0 . 0 3 2 1 3  
2 8 8 . 1 5  0 . 03212  
2 8 8 . 1 5  0 . 03204  
2 8 8 . 2 5 0 . 03218  
2 8 8 . 2 5 0 . 03213  
2 8 8 . 2 5 0 . 0 3 2 3 6  
2 8 8 . 25 0 . 0 3 2 0 0  
2 8 8 . 2 5 0 . 0 3 2 0 5  
2 9 3 . 15 0 . 0 2 9 1 8  
2 9 3 . 1 5 0 . 02916  
29 3 . 1 5 0 . 0 2 9 1 8  
2 9 3 . 2 0 0 . 02901 
2 9 3 . 35 0 . 0 2 9 0 5  
293 . 3 6 0 . 02919 
2 9 4 . 5 5 0 . 0 2 9 0 2  
2 9 4 . 55 0 . 0 2 8 9 5  
294 . 8 5 0 . 0 2 9 0 2  
2 9 8 . 3 0 0 . 02664  
2 9 8 . 3 2 0 . 0 2 6 4 5  
2 9 8 . 3 5 0 . 0 2 6 4 1  
2 9 8 . 3 5 0 . 0 2 6 3 2  
2 9 8 . 4 0  0 . 0 2 6 4 4  
2 9 8 . 4 0 0 . 0 2 6 21 
2 9 8 . 4 5 0 . 0 2 6 4 0  
298 . 4 5 0 . 0264 6 
2 9 8 . 5 0 0 . 02659  
2 9 8 . 55 0 . 0 2 6 5 8  
2 9 8 . 6 5 0 . 0 2 6 09 
2 9 8 . 7 5 0 . 0 2 6 3 6  



COHPONENTS : 

1 .  Methane; CH4 ; [ 7 4-82-8] 

2 .  Sea Nater 

EXPERIMENTAL VALUES : 

33 . 5 15 
Temp/K Bunsen 

Coeff ic ient 
a 

2 8 0 . 0 0 0 . 03706  
28 0 . 4 0  0 . 03705  
2 8 0 . 4 8 0 . 0 3 6 8 7  
2 8 0 . 5 0 0 . 0 3712 
2 8 0 . 5 0 0 . 0 3 6 8 0  
280 . 5 0 0 . 03682  
2 8 0 . 5 5 0 . 03692  
2 8 0 . 57 0 . 0 3 6 8 2  
2 8 0 . 57 0 . 0 3 6 9 0  
2 8 0 . 5 7 0 . 0 3 681  
28 0 . 5 7 0 . 0 3 7 0 7  
28 0 . 60 0 . 0 3 6 8 0  
2 8 0 . 6 0 0 . 0 3 6 9 3  
2 8 0 . 6 2 0 . 0 3 6 7 7  
2 8 0 . 6 5  0 . 03698  
2 8 0 . 7 5 0 . 0 3 6 8 7  
2 8 0 . 7 9 0 . 03704  
2 8 6 . 6 3 0 . 03218 
2 8 6 . 6 3 0 . 03214 
2 8 6 . 6 3 0 . 0 3 2 08 
2 8 6 . 6 8 0 . 03 214 
2 8 6 . 68 0 . 03207  
2 8 6 . 6 8 0 . 03210 
2 8 6 . 6 8 0 . 03216  
2 8 6 . 6 9 0 . 03210 

Continued on next page 

Seawater 

ORIGINAL MEASUREMENTS : 

Yamamoto , S . ; Alcauskas , J .  B . ;  
Crozier , T .  E .  J. Chern.  Eng . Data 
19 7 6 ,  2 1 , 78- 8 0 .  

Salinity 0/0 0  
3 3 . 62 9  39 . 379  

Temp/K Bunsen Temp/K Bunsen 
Coefficient Coeff ic ient 

a a 

27 3 . 8 8 0 . 0 4 4 0 9  2 8 3 . 4 5  0 . 0 3 2 8 7  
2 7 3 . 9 3 0 . 04 3 8 8  2 8 3 . 50 0 . 0 3 3 0 6  
2 7 3 . 94 0 . 04 3 9 6  2 8 3 . 50 0 . 03261 
27 3 . 9 6 0 . 0 4 3 9 6  2 8 3 . 5 0 0 . 03307  
2 7 3 . 96 0 . 0 4 3 8 9  28 3 . 50 0 . 03310  
279 . 8 0 0 . 0 3 7 4 2  28 3 . 5 0 0 .  03271  
279 . 8 0 0 . 03771  2 8 3 . 5 0 0 . 03 291 
2 7 9 . 8 1 0 . 0 3 7 6 7  28 3 . 50  0 . 03315 
279 . 89 0 . 0 3 7 0 0  28 7 . 9 6  0 . 02987  
27 9 . 9 0 0 . 0 3 7 3 9  2 8 8 . 0 0 0 . 0 2 9 9 2  
2 9 1 . 7 5 0 . 02902  2 8 8 . 14 0 . 02953  
2 9 1 . 7 5 0 . 0 2 8 9 3  2 8 8 . 24  0 . 0 2996  
291 . 77 0 . 0 2 8 9 9  2 8 8 . 2 4 0 . 02974  
29 1 . 8 0 0 . 0 2 8 8 9  2 8 8 . 2 4 0 . 0 2981  
291 . 8 0  0 . 02898  288 . 24 0 . 02934 
291 . 81 0 . 0 2 8 8 6  2 8 8 . 24 0 . 0 2 9 7 3  
2 9 1 . 8 5 0 . 02897  2 9 3 . 15 0 . 0 2 6 8 4  
291 . 8 5 0 . 0 2 8 9 5  2 9 3 . 1 5 0 . 0 2 6 9 8  
2 91 . 8 5 0 . 0 2 8 8 0  2 9 3 . 20 0 . 0 2 6 9 6  
291 . 8 5 0 . 02 8 9 3  2 9 3 . 2 4 0 . 0 2673  
2 9 7 . 9 5 0 . 02584 2 9 3 . 2 5 0 . 0 2 6 9 9  
2 9 7 . 9 5 0 . 0 2 5 8 2  2 9 3 . 9 5 0 . 02685  
2 9 7 . 9 8 0 . 0258 0 2 9 7 . 8 5 0 . 024 8 9  
2 9 8 . 0 0 0 . 02578  2 9 8 . 0 5 0 . 02478  
2 9 8 . 0 0 0 . 02563  2 9 8 . 0 5 0 . 02475  
2 9 8 . 0 0 0 . 02578  2 9 8 . 0 5 0 . 02479  
2 9 8 . 00 0 . 0 2 5 8 5  298 . 1 0  0 . 0 2 4 7 7  
2 9 8 . 0 0 0 . 0 2 5 7 3  2 9 8 . 1 0  0 . 02459  
2 9 8 . 00 0 . 02579  2 9 8 . 1 0  0 . 02472  
2 9 8 . 0 3 0 . 02583  3 0 3 . 11 0 . 02248  
302 . 61 0 . 024 20  303 . 11 0 . 02292  
3 0 2 . 61 0 . 02412  303 .11  0 . 02288  
3 02 . 62 0 . 0 2 4 02 303 . 11 0 . 02285  
302 . 64 0 . 0 2 4 0 6  303 . 11 0 . 0 2 2 6 6  
302 . 6 6 0 . 02 4 0 9  303 . 14 0 . 02292  
302 . 69 0 . 024 0 5  303 . 1 6 0 . 02260  
302 . 71 0 . 02418  303 . 16 0 . 02286  
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54 Seawater 

COMPONENTS : 

1 .  Hethane 1 CH4 d 74-8 2-8) 
2 .  Sea Water 

VARIABLES :  

T/K : 27 3 . 91 - 3 0 3 . 1 6 
CH4 P/kPa : 101 . 32 5  (1  atm) 

Sa linity/0/o o :  0 - 39 . 379  
EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Yamamoto , S . ) Alcauskas , J .  B . ) 
Crozier , T .  E .  J .  Chern . Eng . Data 
19 7 6 ,  2 1 , 78-80 . 

PREPARED BY : 

Denis A .  Wiesenburg 

See preceeding page s 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Solubil ity determinations were made 
using the Scholander microgasometric 
technique ( 1 )  as modified by Douglas 
( 2 ) . Pure methane and degassed sea 

water were introduced into a 
reaction vessel in a constant 
temperature room . The vessel was 
shaken vigorously to allow equili
bration between the methane and 
sea \ola ter . The amount of gas 
ab sorbed and the volume of sea 
water were measured volumetrically 
with a microburet . Bunsen solu
bility coefficients were calculated 
from the observed volumes . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Hethane . Linde Specialty 
Gas , specified 9 9 . 9 9 %  purity . 

2 .  Sea Water . Passed through 
0 . 4 5-�m mil lipore filter and 
poisoned with 1 mg/1 of HgCl2 . 
Sea water was boiled or diluted 
with g lass distilled water 
(used for 0 �o o l  to obtain 

desired salinities . 

ESTIMATED ERROR: 

o T/K = 0 .  01 
o S/% o =  0 . 003  

REFERENCES : 

1 .  Scholander , P .  F .  
J .  B i o L  Che rn .  194 7 , 1 6 7 ,  2 3 5 -2 5 0 . 

2 .  Douglas , E .  
J .  Phy s . Chern . 1964 , 6 8 ,  1 6 9 - 17 4 . 
ibid.  1 9 6 5 , 69 ,  2 6 08 - 2 6 10 . 



Seawater 

COMPONENTS : 

( 1 )  Methane : CH4 : [ 74 -82-8 ] 

( 2 )  Sea Water 

VARIABLES : 

T/K : 
CH4 P/kPa : 

Salinity/ 0 /o 0: 

EXPERIMENTAL VALUES : 

298 . 1 5 
2410 - 5170 
34 . 8 4 

Pres sure 
P l/psia p 1 /kPa 

350  

550  

7 5 0  

2410  

3 7 9 0  

5170 

ORIGINAL MEASUREMENTS : 

Stoessell , R .  K . , Byrne , P .  A .  
cZays cZay Mi ner. 19 8 2 ,  so , 67-72 . 

PREPARED BY : 

Denis A .  Wiesenburg 

molality/mo l kg-1 

0 . 0 263  

0 . 0 4 0 0  

0 . 0514  

The compiler calculated the pres sures 
in kPa .  

AU XILI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Solubility determinations were made 
using a titanium-lined chamber within 
a stainless steel reaction vessel 
j acketed by a water bath for temper
ature control . System pressure wa s 
set by controll ing the input and 
output of methane within the chamber ' s  
headspace . The vessel was rocked for 
3 h to allow equilibration between 
the methane and sea water . The amount 
of gas present in the sea water at 
equilibrium was measured by sub
sampling the sea water at system 
pressure and flash evaporating it 
into a second calibrated , evacuated 
expansion volume . The pressure of 
the released gas was measured with a 
manometer accurate to 0 . 7  kPa . The 
gas volume and pressure change were 
used to compute the moles of gas 
released and corrections were made 
for the small amount of dissolved 
methane not released during flashing . 
The molalities were not corrected for 
the volume of dis solved gas . 

SOURCE AND PURITY OF MATERIALS : 

( 1) Methane . Matheson ultra high 
purity , minimum 99 . 9 7 % .  

( 2) Sea Water . 

ESTIMATED ERROR: 

oT/K = 0 . 1  

oP/kPa = 7 

REFERENCES : 
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56 Aqueous Electrolyte Solutions 

COHPONENTS : EVALUATOR: 

( 1 )  Methane ; cH4 ; [ 74-82-8 ] 

( 2 )  Electrolyte 

( 3 )  Water ; H2o ;  [ 77 3 2-18-SJ  

CRITICAL EVALUATION : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1985 , March 

AN EVALUATION OF THE SOLUBILITY OF 
METHANE IN AQUEOUS ELECTROLYTE SOLUTIONS . 

Thi s section contains an evaluation of  the solubility of methane in 
aqueous electrolyte solutions . Not enough workers have measured the 
solubil ity of methane in any one aqueous electrolyte system over common 
ranges of temperature ,  pres sure and electrolyte concentration to recommend 
solubility values . A possible exception is the methane + sodium chloride 
+ water system for which there are many papers of reasonably concordant 
data . For most systems the available data are classed as tentative . 

In order to have a common basis  for comparison the solubility data 
have been converted to Sechenov (Setschenow) salt effect parameters as 
either k s00/dm 3 mol- 1 or ksmm/kg mol- 1 values . The kscc form is the most 

common for the older data while the k smm form is more commonly used by 

present day workers . 

Many forms of the Sechenov salt effect parameter are in use . Many 
of  the forms and conversions among them were discussed in NITROGEN/AIR , 
Solubil ity Series Vol .  1 0  (ref 1 ) . A briefer summary is on pp xiii-xix 
of this volume . A form with the gas solubility ratio given as a mole 
fraction ratio is coming more into use . Many of the conversions among 
Sechenov salt effect parameter forms require solution density data that 
are not available especially for systems studied at high temperatures and 
pressures . 

The Sechenov salt effect parameters 
ation are 

k /dm 3  mol- 1 sec 

ksmm/kg mol- 1 

k /dm3 mol- 1 sex 

k smx/kg mol- 1 

= 

= 

= 

= 

( 1 /  (a  2 /mol dm- 3 ) )  

( 1 / Cm2 !mol kg - 1 ) ) 

( l / ( a2 /mol dm- 3 ) )  

( 1 /  (m/mol kg - 1 ) )  

most commonly used in this  evalu-

log ( (a� /mol dm- 1 ) / (a 1 /mol dm- 3 ) )  

log ( CmJ !mol kg- 1 ) / Cm1 /mol kg- 1 ) ) 

log (x� /x 1 ) 

log (x� !x1 l 

where subscript 1 is  the nonelectrolyte gas ,  subscript 2 the electrolyte . 

The gas solubil ity ratios a� !a1 , m� !m1 and x� !x1 represent the ratio 
of solubility in pure water to the solubil ity in the electrolyte solution . 
The molar (mol dm- 3 ) ratio , a� !a1 , is the same as the Bunsen coefficient 
ratio , a 0 /a ,  or the Ostwald coefficient ratio , L 0 /L ;  the molal (mol kg- 1 )  

ratio , m� !m1 , i s  the same as the Kuenen coefficient ratio , S 0 /S ,  or the 
solvomolality ratio , A 0 /A ;  and the mole fraction ratio , x� !x1 , is the same 
as the inverse of  the Henry constant ratio , H1 /H� when H/atm = (p1 /atrn) /x1 • 
The mole fraction is  usually calculated by treating each ion of  the elec
trolyte as an entity . 

Many of  the methane + electrolyte + water systems have been studied 
as a function of pressure as well as temperature and electrolyte concen
tration .  Although most studies are based on solubil ity determinations 
at atmospheric pressure ( 0 . 1  MPa)  there are measurements to pressures as 
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large as 6 0  MPa .  The stud ies are not in complete agreement , but it appears 
as if pre ssure has little effect on the magnitude of . the salt effect param
eter at a given temperature . Th is may be more true of  ksrnrn and ksrnx values 

than the kscc and kscx value s .  Several papers ( 3 ,  13 , 18 , 21 , 23 , 2 6 )  re

port data for either kscx or ksrnx values as a function of pressure between 

4 0 0  and 6 0 0  K for the methane + sodium chloride + water system . The kscx 
and ksrnx values show dif ferent trends which we cannot reconcile at present 

because of lack of auxiliary data at these temperatures and pressure s .  

Other representations o f  the salt effect parameter are in use . A few 
authors pre fer to use the natural logar ithm instead of the base ten loga
rithm. Autho rs who want to compare the salt ef fect of electrolytes of 
dif ferent charge type use either equivalents or ionic strength for the 
electrolyte concentration . The ionic strength representations appear to 
be useful and will be used occasionally in this evaluation . 

The salt effect parameters given in the evaluation were either taken 
from the original papers or calculated by the evaluator ; the evaluator 
used one of two methods , which are nearly equivalent , to calculate salt 
effect parameters . 

( i )  Individual values of the salt effect parameter are calculated at 
each electrolyte concentration from the solubility of the gas in water and 
solution . I f  the parameter values appear statistically constant as a 
function of electrolyte concentration , they are averaged . If the values 
show a consi stent change with electrolyte concentration , they are fit to 
an equation , usually linear , as a function of electrolyte concentration . 

( ii )  A graph of log (a1 1a 1 ) v s .  a2 is prepared . If linear , the slope 

is k • Units of molality or mole fraction can also be used . Sometimes sec 
a better linearity is obtained with one set of units than another . If the 
plot is not linear a more complex function may be used to obtain the slope 
and kscc values as a function of el ectrolyte concentration . 

In the solubil ity ratio we prefer to use the author ' s  solubility val
ues in pure water rather than the recommended value ( this  voZume , pp 1-5)  
in the belief that the author ' s  systematic errors may partially cancel in 
the solubility ratio term. It  is important to recognize that the solubil
ity in water is not required if the solubil ity is known at several electro
lyte concentrations .  The equation can b e  rearranged to 

log a1 = log a � - kscc a2 

and the slope of log a1 v s .  a 2 is the negative of kscc The slope and in

tercept can be obtained without knowl edge of a� . However , we prefer to use 

the a� value and consider it espec ially important when solubility measure

ments were made only at small electrolyte concentrations (ref 1 ) . 

There has been a renewed interest in the solubility of methane in 
aqueous electrolyte solutions probably because of the possibil ity of recov
ery of methane from brines and sea wate r .  Five papers containing extensive 
data have appeared since 1 9 8 0 .  In all there are data on about 25 aqueous 
electrolyte systems plus other systems containing mixed electrolytes .  

The systems are presented below in the order of the standard arrange
ment for inorganic compounds used in publications of the US National Bureau 
of Standards . The number before each system is the standard order number 
for the electrolyte . 

1 0 ( 1 )  Methane + Hydrochloric acid [ 7 64 7-01-0 ]  + Water 

Muccitelli and Wen (ref 22 )  measured the solubil ity of methane in 
aqueous HCl at five temperatures between 278 . 1 5 and 298 . 1 5 K and several 

concentrations of HCl up to 1 . 2 8 mol dm- 3 • The (k scc /drn 3 mol-1 ) values 

from the ir data are given below. The k scc values decrease with electrolyte 
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COHPONENTS : 

{ 1 )  Methane; CH4 ; [ 74 - 8 2-8 ] 

( 2 )  Electrolyte 

( 3 )  Water; H2o;  [ 77 3 2- 1 8 - 5 ]  

CRITICAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

19 8 5 , March 

concentration at three temperatures and increase at two temperatures . Thus , 
there is no clear trend and the values were averages at each temperature . 
Since the salt effect parameters at low electrolyte concentration are more 
likely to show errors than tho se at high concentration , the values above 
0 . 7  mol dm- 3 were weighted twice and the others once in the average . At 
2 9 3 . 1 5  K the 0 . 074  value was not included in the average . The data are 
classified as tentative . 

0 . 2321  

0 . 2 8 2 2  
0 . 2 8 2 4  
0 . 2 8 6 4  

0 . 4 6 8 7  

0 . 5330  
0 . 5 4 6 8  
0 . 5501  
0 . 5645  

0 . 7 3 24 
0 . 7 4 01 
0 . 7 97 9  
0 . 8 0 3 0  
0 . 8 1 6 4  

0 . 8 6 4 5  

0 . 9 7 0 3  
1 .  0 4 2 5  
1 . 0 9 1 4  
1 . 1 2 7  

1 .  2 8 0 3  

Av 

2 78 . 1 5 

-

0 . 0 6 5  
-
-

-

-
-

0 . 0 6 3  
-

-
-
-

0 . 0 6 0  
-

-

0 . 0 5 6  
-
-
-

-

0 . 060  
± 0 . 004  

k scc 

K 2 8 3 . 1 5  K 

-

-

0 . 0 4 8  
-

-

0 . 04 8  
-
-
-

-

-
0 . 05 1  

-
-

-

-
-

0 . 0 5 3  
-

-

0 . 051  
± 0 . 002  

/dm3 mol- 1 at temperatures 

2 8 8 . 1 5 K 293 . 1 5 K 298 . 1 5  

- 0 . 0 74 -

- - -
- - -

0 . 06 1  - -

- 0 . 05 0  -

- - -
- - o .  04 6 
- - -

0 . 04 1  - -

- - 0 . 04 3  
- 0 . 0 53  -
- - -
- - -

0 . 0 3 3  - -

0 . 038  - -

- - -

- - 0 . 04 2  
- - -

0 . 04 4  0 . 04 9  -

- - 0 . 04 2  

0 . 04 2  0 . 0 51  0 . 04 3  
± 0 . 009 ± 0 . 002 ± 0 . 002  

14 ( 1 )  Methane + Sul furic acid [ 76 64- 93-9 ] + Water 

Christof f  (ref 2 )  reported values from measurements in water and 
aqueous sulfuric acid solutions at 2 93 . 1 2 K and Radakov and Lutsyk ( ref 
1 9 )  reported values from measurements at 2 98 . 2  and 3 6 3 . 2  K .  Both sets of 
data include measurements for large molalities of sulfuric acid . Results 
are summarized below . 

K 
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T/K H2so4 Salt Effect Parameter 

m 2 /mol kg- 1 ksmc /kg mol- 1 

29 3 . 2  5 . 6 9 0 . 056  

1 6 . 4  0 . 0 2 6  

222 . 0  0 . 0 0 02 5 

2 98 . 2  4 0 . 8  0 . 01 4  

1 3 5 . 0  0 . 00 0 3 3 

3 6 3 . 2  1 3 5 . 0  -0 . 0 0 3 9  

1 9 0 . 0  - 0 . 0033  

4 3 3 . 0 -0 . 0 0 1 8  

The methane is salted out at 2 93 . 2  and 298 . 2  K and salted in at 363 . 2  
The data are cla ssed as tentative . 

18  ( 1 )  Methane + Ammonium chloride [ 1 2 1 2 5-02-9 ]  + Water 

Ben-Naim and Yaacobi (ref 1 5 )  measured the solubility o f  methane 

water and in 1 . 0  mol dm- 3 NH4Cl solution at five 

28 3 . 1 5 K and 30 3 . 1 5 K .  

a 2 /mol dm- 3 

Their values are classed 

k /dm3 mol- 1 
sec 

temperatures between 

as tentative.  

at  temperatures o f  

K .  

in 

2 8 3 . 15 K 288 . 1 5 K 293 . 1 5 K 298 . 1 5 K 3 0 3 . 15 

1 . 0  0 . 1 0 0  0 . 0 9 3  0 . 08 9  0 . 08 9  0 . 09 3  

1 8  ( 2 )  Methane + Ammonium bromide [ 1 2 1 2 4-9 7- 9 ]  + Water 

Wen and Hung (ref 1 2 )  measured the solubility of methane in pure water 
and in one concentration of NH4Br of about 0 . 2  M at 1 0  degree intervals 
tween 2 78 . 1 5 and 308 . 1 5 K .  Their values are classed a s  tentative . The 
smoothed values were given by Wen and Hung . 

m2 /mol kg- 1 ksi!Uii/kg mol- 1 at temperatures of 

278 . 1 5 K 28 8 . 1 5 K 2 9 8 . 1 5 K 308 . 1 5 K 

0 . 1 0 0  ( smoothed) 0 . 068  0 . 061  0 . 054 0 . 0 4 7  

0 . 1 8 1  - - - 0 . 04 4  
0 . 1 9 6  o .  071  - - -
0 . 2 0 0  - - 0 . 055  -
0 . 202  - 0 . 06 0  - -

1 8  ( 3 )  Methane + Tetramethylammonium bromide [ 6 4 -20-0 ]  + Water 

be-

Wen and Hung ( re f l2) measured the solubility of methane in pure water 

K 
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COHPONENTS : 

( 1 )  Methane; CH4 ; [ 74 - 8 2- 8 ]  

( 2 )  Electrolyte 

( 3 )  Water; H20 ;  [ 7732- 1 8- 5 ]  

CRITI CAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 9 8 5 ,  March 

and in two concentrations of tetramethylammonium bromide at 1 0  degree in
tervals between 2 78 . 1 5 and 308 . 1 5 K .  The values are classed as tentative . 
Both the values calculated by the evaluator from the published data and 
the smoothed values given by Wen and Hung are in the table below . 

0 . 1 0 0  ( smoothed) 

0 . 1 7 6  
0 . 1 7 9  
0 . 1 9 0  
0 . 1 9 3  
0 . 1 9 4  

0 . 3 0 2  

278 . 1 5 

0 . 0 0 7  

0 . 0 1 0  
0 . 000  

-
-
-

-

k smm/kg mol 

K 288 . 1 5  

- 0 . 0 0 5  

-
-

- 0 . 0 0 5  
-

- 0 . 0 1 2  

-

- l at temperatures of 

K 2 98 . 15 K 308 . 1 5  

- 0 . 01 7  - 0 . 028  

- -
- 0 . 0 2 2  -

- -
- 0 . 009  -

- -

- - 0 . 0 3 2  

1 8 ( 4 )  Methane + Tetraethylammonium bromide [ 7 1-91-0 ] + H2o 

Both Wen and Hung ( ref 1 2 )  and Blanco C and Smith ( ref 1 7) have made 
measurements on the system .  Wen and Hung ' s  measurements were made a t  at
mospheric pressure ( 0 . 1  MPa)  while Blanco c and Smith worked between 1 0 . 1  
and 50 . 7  MPa . I t  appears that pressure has relatively little effect on 
the salt effect parameter . The results from the two laboratories show 
similar order o f  magnitude. Although the results differ some , they are 
both classed as tentative . The Wen and Hung smoothed value at 2 9 8  K may 
be an error or a misprint . A value near - 0 . 0 7 9  would fit the pattern 
better. 

0 . 0 9 3  
0 . 0 9 5  

0 . 1 0 0  
( smoothed) 

0 . 1 7 3  
0 . 1 8 2  
0 . 1 8 3  
o .  2 09 

1 . 0  

0 . 1  
0 . 1  

0 . 1  

0 . 1  
0 . 1  
0 . 1  
0 . 1  

1 0 . 1  
2 0 . 3  
3 0 . 4 
4 0 . 5  
50 . 7  

k smm/kg mol- 1 at temperatures of 

2 7 8 . 15K 2 8 8 . 1 5K 298 . 1 5K 308 . 1 5K 3 1 1 . 2K 324 . 7K 344 . 2K 

- 0 . 0 3 9  - - -
- 0 . 045  - - -

- 0 . 036  - 0 . 04 9  - 0 . 04 9  - 0 . 0 9 4  
[ s ia ] 

- - 0 . 0 5 2  - -
- - - 0 . 0 7 5  -
- - - 0 . 074  -
- - - - 0 . 0 9 0  

- - - 0 . 056  -
- - - 0 . 055  -
- - -0 . 0 4 4  -

- 0 . 04 6 -0 . 056  - 0 . 08 5  
- 0 . 0 6 7  -0 . 0 7 7  - 0 . 1 0 5  
-0 . 0 5 6  -0 . 073  - 0 . 1 0 5  
-0 . 04 7  - 0 . 0 7 0  - 0 . 1 0 2  
- 0 . 054  -0 . 0 7 7  - 0 . 1 04 

Blanco c and Smith ( av) - _ - 0 . 0 5 2  - 0 . 054  -0 . 0 7 1  -0 . 1 0 0 

K 
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18 ( 5 )  Methane + Tetrapropylammonium bromide [1 941-30-6]  + Water 

Wen and Hung (refl2)  have made extensive measurements of the solubil
ity of methane in pure water and in tetrapropylammonium bromide solution s .  
The salt effect parameters show two trends . Salting in ( 1 )  increases as 
temperature increases and ( 2 )  decreases as the electrolyte molality in
crease s .  At 278 K methane is salted out at concentrations above 0 . 4  molal 
electrolyte . The results are clas sed as tentative . 

m 2/mol kg- 1 ksmm/kg mol-1 at temperatures of 

278 . 1 5 K 2 8 8 . 1 5 K 2 9 8 . 1 5 K 3 0 5 . 1 5  K 

0 . 0 9 7  - - -0 . 0 7 4  -
0 . 098  - - 0 . 058 - -
0 . 0 9 9  - 0 . 051 - - -

0 . 100 ( smoothed) - O . b 4 5  - 0 . 061 - 0 . 08 2  -0 . 1 10 

0 . 1 0 0  - - - -
0 . 102  - - -0 . 08 6  -
0 . 103  - 0 . 0 4 7  - - -
0 . 105 - - - -0 . 108 

0 . 22 3  - 0 . 0 3 8 - 0 . 059  - -
0 . 224 - 0 . 0 32 - - -
0 . 22 7  - - 0 . 0 4 9  - -
0 . 2 3 0  - - -0 . 064  -
0 . 235 - - - o .  o n  -
0 . 2 4 5  - - - -0 . 08 9  

0 . 41 0 - - - 0 . 0 5 9  -
0 . 4 1 5  - - 0 . 0 3 0  - -
0 . 4 3 1 - 0 . 0 0 24 - - -
0 . 4 4 3  - - - - 0 . 0 7 9  

0 . 5 8 7  +0 . 011 - - -
0 . 6 2 0  - -0 . 0 2 6  - -
0 . 632  - - -0 . 04 8  -
0 . 7 0 6  - - - -0 . 08 0  

18 ( 6 )  Methane + Tetrabutylammonium bromide [ 1 6 4 3-19-2 ]  + Water 

Wen and Hung ( refl2)  measured the solubility of methane in water and 
0 . 1  to 1 . 0  molal aqueous solutions of tetrabutylammonium bromide at 10 de
gree intervals from 278 . 1 5 to 3 0 8 . 1 5 K .  The author's smoothed values for 
0 . 1  molal solution are listed along with the individual values of the salt 
effect parameters . 

61 

Feillolay and Lucas (ref 14 ) measured the solubility in water and 1 to 
4 molal aqueous solutions . The ir salt ef fect parameters are also in the 
table.  

The two data sets overlap for 1 mo lal solutions . Agreement between 
the salt effect parameters in one molal solution is within 10 percent at 
2 98 K and within 2 percent at 3 0 8  K. However , the two data sets show op
posite effects in that Wen and Hung ' s  results show a decrease in salting 
in but Feillolay and Lucas show an increase in salting in as the electrolyte 
molal ity increases . 
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COHPONENTS : EVALUATOR: 

( 1 )  Methane; [ 74 - 8 2- 8 ]  H .  Lawrence Clever CH4 ; 
Department of Chemistry 

( 2 )  Electrolyte 

( 3 )  Water ; H20;  [ 7732-18-5 ]  

CRITICAL EVALUATION : 

m2/mol kg- 1 

2 78 . 1 5 

0 . 0 9 6  -0 . 0 3 1  
0 . 0 9 8  - 0 . 0 3 3  
0 . 099  -

0 . 10 0  ( smoothed)  - 0 . 0 3 0  

0 . 10 0  
0 . 1 02 
0 . 1 0 3  

0 . 1 8 5  
0 . 1 8 7  
0 . 1 9 2  
0 . 1 9 4  
0 . 2 0 1  

0 . 4 0 3  
0 . 4 0 9  
0 . 4 1 5  

0 . 5 2 3  
0 . 5 2 6  
0 . 5 3 7  

0 . 6 9 3  
0 . 7 03 
0 . 7 04 
0 . 7 8 5  

0 . 9 9 0  
0 . 99 3  
1 .  0 0 5  
1 .  0 1 0  
1 .  0 1 8  
1 .  020  
1 .  022  
1 .  025  

1 . 98 1  
1 .  9 9 1  
2 . 07 5  
2 . 0 7 8  

3 . 6 1 0  
3 . 6 2 3  
3 . 64 0  
3 . 9 2 5  
4 . 0 1 0  

- 0 . 0 2 8  
-
-

-
- 0 . 0 1 9  

-
-

- 0 . 0 1 7  

-
+ 0 . 0 0 5  

-

-
0 . 01 0  

-

-
-
-

0 . 032  

0 . 0 31  
-
-
-
-
-
-
-

-
-
-
-

-
-
-
-
-

K 

Emory University 
Atlanta , GA 3 0 3 2 2  USA 

19 8 5 ,  March 

k smm)kg mol- 1 at temperatures 

288 . 1 5 K 2 9 8 . 1 5 K 

- 0 . 04 3  -0 . 09 7  
- -
- - 0 . 09 0  

- 0 . 0 5 3  - 0 . 096 

- -
- 0 . 052  -
- 0 . 051  -

- 0 . 0 3 7  -
- -
- -
- - 0 . 068  
- -

- 0 . 0 2 6  -
- -
- - 0 . 0 6 3  

- 0 . 0 1 9  -
- - 0 . 0 6 2  
- -

- -
- 0 . 01 9  -

- - 0 . 0 6 0  
- -

- -
- -

- -
- - 0 . 07 2  

- 0 . 01 7  -
- - 0 . 0 7 8  
- - 0 . 067  
- -

- -0 . 08 6  
-· ' -0 . 0 8 7  
- -
- -

- -

- - 0 . 1 1 5  
- -
- - 0 . 1 1 1  
- -

of 

308 . 1 5 K 

-
-

- 0 . 1 5 0  

- 0 . 1 5 2  

-
-

-

-
-

- 0 . 14 0  
-

-

-
-

- 0 . 1 1 0  

-
-

-0 . 1 0 5  

- 0 . 1 06 
-
-
-

-
- 0 . 104  
- 0 . 1 01 

-
-

-
-

- 0 . 1 0 3  

-
-

- 0 . 1 1 6  
- 0 . 1 1 3  

-0 . 1 2 8  
-

- 0 . 1 2 9  
-

- 0 . 1 2 8  

1 8 ( 7 )  Methane + Tetrahydroxyethylammonium bromide [ 4 328-04-5 ]  + Water 

Wen and Hung ( refl2 ) have measured the solubility of methane in pure 
water and in 0 . 1  to 0 . 5  molal aqueous solutions of tetrahydroxyethylammonium 
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bromide at 10 degree intervals between 2 7 8 . 15 and 3 08 . 1 5 K. Wen and Hunq ' s  
smoothed values for a 0 . 1  molal solution are included in the table below· 

along with the individual values of the salt effect parameter . Methane is 
salted out. The salting out decreases as the temperature increases and a 
small salting in is apparent at 308 . 1 5 K .  There is  little change i n  the 
salt effect parameter with electrolyte concentration . The data are classed 
as tentative . 

0 . 08 5  
0 . 08 6  
0 . 0 9 1  

0 . 1 00 ( smoothed) 

0 . 1 5 2  
0 . 155  
0 . 1 6 7  
0 . 173  
0 . 1 7 4  
0 . 1 7 7  

0 . 3 3 9  
0 . 3 4 1  
0 . 34 7  
0 . 355 

0 . 4 8 8  
0 . 508 
0 . 51 0  
0 . 517  

278 . 1 5 K 

-
0 . 0 3 9  

-

o .  04 2 

0 . 04 5  
0 . 035 

-
0 . 052  

-
-

-
0 . 04 2  

-
-

0 . 04 7  
-
-
-

ksmn/kg mol-1 at 

288 . 1 5 K 

-
-

0 . 034  

0 . 0 3 3  

-
-
-
-

0 . 0 3 0  
0 . 0 3 4  

-
-
-

0 . 03 7  

-
-
-

0 . 0 3 6  

temperatures of 

298 . 1 5 K 308 . 1 5 K 

0 . 025 0 . 0 0 2  
- -
- -

0 . 0 2 2  -0 . 0 0 1  

- -
- -

0 . 028  -
0 . 0 25  -0 . 008  

- -
- -

- -0 . 0 0 1  
- -

0 . 0 2 2  -
- -

- -
- 0 . 000  

0 . 026  -
- -

18 ( 8 )  Methane + Triethylenediamine hydrochloride [ 20 9 9 -72- 1 ]  + Water 

Muccitel li and Wen (ref 22 )  have measured the solubility of methane 
in pure water and in aqueous solutions of 0 . 1  to 0 . 9  molar triethylene
diamine hydrochloride at five degree intervals between 278 . 1 5  and 29 8 . 1 5 K .  
The triethylenediamine hydrochloride salts out while triethylenediamine 
(see data sheet) salts in . The authors did not report salt effect parame
ters . The evaluator calculated the values below. In general the salting 
out decreases as temperature increa ses and as the electrolyte concentration 
increases . The solubility data at 293 . 1 5 K appears to be out of line with 
the data at other temperatures .  All o f  these solutions were adjusted to a 
pH o f  5 . 4 0  ± 0 . 01  by addition of constant boil ing HCl . The pure water 
values were used to calculate the salt e f fect parameters . The values are 
classed as tentative . 



64 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane i CH4 i [ 74-82-8 ] 

( 2 )  Electrolyte 

( 3 )  Wateri  H20i  [ 77 3 2-1 8 - 5 ]  

CRITICAL EVALUATION : 

c 2  mol dm- 3 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

1 9 8 5 , March 

kscc /dm 3 mol- 1 at temperatures of 

2 7 8 . 1 5 28 3 . 1 5 2 8 8 . 1 5 293 . 1 5 2 9 8 . 1 5 

0 . 1 2 2 5  0 . 1 0 8  - - - -

0 . 1 3 6 7  - - - 0 . 1 3 2  -
0 . 1 4 6 9  - - - - 0 . 01 4  
0 . 1 5 6 0  - 0 . 101  - - -
0 . 1 6 0 1  - - 0 . 1 0 1  - -

0 . 2 3 1 2  0 . 1 0 7  - - - -

0 . 2 3 4 0  - - - 0 . 1 0 7  - 0 . 0 5 7  
0 . 2 5 3 8  - 0 . 1 0 1  - - -
0 . 2 7 9 9  - - 0 . 0 8 5  - -

0 . 5 2 6 7  - - - 0 . 0 8 6  0 . 014  
0 . 5 3 4 6  - 0 . 092  - - -
0 . 6 2 9 1  0 . 0 9 7  - - - -
0 . 6 2 9 9  - - 0 . 062  - -

0 . 8 0 2 9  - - 0 . 0 7 3  - -
0 . 8 1 2 0  - 0 . 081  - - -
0 . 8 5 1 0  - - - 0 . 084  0 . 039  
0 . 9 0 2 3  0 . 08 7  - - - -

1 8 ( 9 )  Methane + Guanidine hydrochloride [ 5 0- 01-1 ] + Water 

Wetlaufer , Malik , Stoller and Coffin (reflO ) measured the solubility 
of methane in water and in 4 . 8 6 mol dm- 3 guanidine hydrochloride at three 
temperatures . Values of the salt effect parameter as kscc and kscx are 
given below . Salting out decreases as the temperature increases . The 
data are classed as tentative . 

T/K 

2 78 . 2  

2 9 8 . 2 

31 8 . 2  

4 . 86 

4 . 8 6  

4 . 8 6 

0 . 058  

0 . 0 3 4  

0 . 025  

9 3 ( 1 )  Methane + Magnesium chloride [ 77 8 6 - 3 0- 3 ]  + Water 

0 . 0 3 5  

0 . 008  

- 0 . 001  

Stoessell and Byrne (ref 2 4 ) measured the solubility of methane in 
water and in 0 . 5  to 2 . 1 6 molal Mgcl 2 solution at 28 8 . 1 5 K at pressures of 
2 . 4 1 ,  3 . 7 9 and 5 . 1 7 MPa . The salt effect parameter shows no definitive 
trend with changes in either molality or pressure at this temperature .  

The authors calculated the salt effect parameter with respect to 
electrolyte ionic strength , ksim/kg mol- 1 ,  and the evaluator has 
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recalculated the values as ksmm/kg mol- 1 • Both sets of values , which 

should differ by a factor of three , are given below • .  The authors recommend 
a value of ksim = 0 . 0 6 3 .  The value s are classed as tentative . 

T/K 

2 9 8 . 1 5 

2 9 8 . 1 5 

0 . 5  
1 . 0  
2 . 1 6 

0 . 5  
1 . 0  
2 . 1 6 

ks im/kg mol -1 at pressures of 

2 . 4 1 MPa 

0 . 06 3  
0 . 0 6 8  
0 . 0 6 1  

2 . 4 1 MPa 

0 . 1 8 8  
0 . 2 0 4  
0 . 1 8 3  

3 . 7 9 MPa 

o .  0 7 3  
0 . 0 6 9  
0 . 0 6 4  

5 . 1 7 MPa 

0 . 070 
0 . 06 6  
0 . 064  

Average 0 . 0 6 6  ± 0 . 004  

3 . 7 9 MPa 

0 . 2 1 9  
0 . 2 0 7  
0 . 1 92 

5 . 1 7 MPa 

0 . 2 1 0  
0 . 1 9 8  
0 . 1 92 

Average 0 . 1 9 9  ± 0 . 0 12 

1 3 ( 2 )  Methane + Magnesium sulfate [ 77 8 5-8 7- 7 ]  + Water 

Stoessel and Byrne (ref 2 4 )  measured the solubi lities of methane in 
water and in 0 . 5  to 1 . 5  mo lal aqueous Mgso4 solutions at 2 9 8 . 1 5 K and 

pressures of 2 . 4 1 ,  3 . 7 9 and 5 . 1 7 MPa . The salt effect parameter shows no 
def initive trend with changes in either molal ity or pres sure at this tem
perature . 

The authors report the salt effect parameter as a function of ionic 
strength , ksim/kg mol- 1 , with the ionic strength in molality unit s .  The 

evaluator has recalculated the salt effect parameter as ksmm/kg mol- 1 • 

The values , which differ by a factor of 4 ,  are given below . The authors 
recommend the value ksim/kg mo l-1  = 0 . 0 6 6 , which is the same as the numer-

ical average of the values , 0 . 0 6 6  ± 0 . 0 03 , of all molalities and pressures . 
The values are classed as tentative. 

T /K 

2 98 . 1 5 

2 9 8 . 1 5 

0 . 5  
1 . 0  
1 . 5 

0 . 5  
1 . 0  
1 . 5  

2 . 4 1 MPa 

0 . 0 6 8  
0 . 0 6 6  
0 . 0 6 6  

2 . 4 1 MPa 

o .  272  
0 . 2 6 4  
0 . 2 6 4  

3 . 7 9 MPa 

0 . 0 6 9  
0 . 0 67  
0 . 0 6 7  

5 . 1 7 MPa 

0 . 058  
0 . 0 6 4  
0 . 0 6 5  

Average 0 . 0 6 6  ± 0 . 0 03 

3 . 7 9 MPa 

0 . 2 7 6  
0 . 2 6 8  
0 . 2 6 8  

Average 0 . 2 62 ± 

5 . 1 7 MPa 

o .  0 1 3  

0 . 23 2  
0 . 2 5 6  
0 . 26 0  
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COHPONENTS : EVALUATOR: 

( 1 )  Methane1 CH4 1 [ 74 - 8 2- 8 ]  

( 2 )  Electrolyte 

{ 3 )  Water; H201  [ 77 3 2- 1 8 - 5 ]  

CRITICAL EVALUATION : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

1 9 8 5 , March 

93 ( 3 )  Methane + Magnesium chloride [ 778 6-30- 3 ]  

+ Magnesium sulfate [ 7 7 8 5 - 8 7 - 7 ]  + Water 

Byrne and Stoessel ! (ref 2 5 )  report the solubility of methane in 
water and in two equal molal mixtures of MgC12 (m 2 ) and Mgso4 (m3 ) at 
2 98 . 1 5 K and a pressure of 3 . 7 9 MPa . Both k sim and k smm values of the 
salt effect parameter are given below. The mixed electrolyte salts out 
sl ightly more than one would predict from the salt effect parameter values 
of the individual electrolytes . The values are classed as tentative . 

T/K m2 /mol kg- 1 m3 /mol kg- 1 Salt Effect Parameter at 3 . 79 MPa Pressure 

2 98 . 1 5 0 . 2 5 

0 . 50  

0 . 25 

0 . 5 0 

0 . 074  

0 . 07 0  

94 ( 1 )  Methane + Calcium chloride [ 1 0 0 4 3-52- 4 ]  + Water 

0 . 2 6 0  

0 . 24 5  

The solubility o f  methane in water and in aqueous cac12 solution has 
been measured by Michel s ,  Gerver and B i j l  ( ref 3 )  at 2 9 8 . 1 5 K in 2 . 7  mol 
dm- 3 cac12 at four pressures up to 21 . 0  MPa ,  by N .  0 .  Smith and coworkers 
at 2 98 . 1 5 and 303 . 1 5 K at several concentrations up to saturated cac1 2 and 
pressures up to 7 . 4 8 MPa in 1 9 6 1  (ref 7 )  and at five temperatures between 
29 8 . 2 and 3 98 . 2  K in 1 . 0  mol kg- 1 cac1 2 at six pressures up to 6 0 . 8  MPa 
in 1 9 7 8  (ref  1 7 ) , and by Stoessel! and Byrne (ref 2 4 )  in 0 . 5 ,  1 . 0  and 2 . 0  
mol kg- 1 cac12 at pressures of 2 . 4 1 ,  3 . 79 and 5 . 1 7 MPa . 

The evaluator prepared graphs of the data of Michels e t  a l .  (ref 3 ) � 
and Duffy e t  a l .  ( ref 7 )  and calculated the k scx}dm3 mol- 1 salt effect 
parameter s .  The solubility values from both papers showed significant 
�catter . There is fair agreement between salt effect parameters of the 
two papers at 2 9 8 . 15  K and 2 . 5  - 2 . 7  mol dm- 3 cac12 , but when converted 
to ksmm/kg mol- 1 values they are smaller than more recent data . In gener
al , the molar scale values from the two papers are smaller and show more 
scatter than the data from the more recent papers (ref 1 7  and 2 4 ) . 

The data of  Blanco C and Smith (ref 1 7 )  and Stoessel! and Byrne (ref 
24 ) are on a molal basis . Stoessel ! and Byrne report their salt effect 
parameters on an ionic strength (molal scale) basis . Both k smm/kg mol- 1 
and k sim/kg mol- 1 values are given in the following table . The molal 
scale data show no significant trend with pressure or with salt concentra
tion . At 2 98 . 1 5 K the Stoessell and Byrne value is  about 1 0  percent less 
than the Blanco C and Smith value . The average values at 2 9 8 . 1 5 K are 
0 . 2 1 5  ± 0 . 0 0 4  and 0 . 2 3 5  ± 0 . 01 0  from the two papers regardless of concen
tration or pressure . The Blanco C and Smith values go through a minimum 
at 3 4 4 . 1 5 K .  
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Salt Effect Parameters : Methane + Calcium Chloride + water . 
A .  Molar (a 2/mol dm- 3 ) Scale . 

T/K a2!mol dm- 3 p 1/MPa kscx/ ksmml Reference 
dm 3 mol- 1 kg mol- 1 

2 9 8 . 15 0 . 25 2 0 . 16 0  Duffy e t  a Z .  ( 7 )  
3 0 . 15 9  

0 . 5 0 2 0 . 2 20  
3 0 . 219 

1.  35  2 0 . 2 4 3  
3 0 . 2 40  

2 . 5  2 0 . 194  
3 0 . 19 4  

2 . 7  5 . 6  0 . 19 2  ( 0 . 16 5 )  Michels et a Z .  
11 . 0  0 . 157 ( 0 . 1 3 2 )  ( 3 )  
15 . 7  0 . 155 (0 . 1 3 0 )  
2 1 . 0  0 . 16 1  (0 . 136 ) 

3 0 3 . 15 1 .  35 2 0 . 2 4 3  Duffy e t  a Z .  ( 7 )  
3 0 . 2 2 3  

4 . 75 2 0 . 172  

( sat) a 3 0 . 16 8  
7 . 3 5 2 0 . 14 8  

3 0 . 14 6  

B .  Molal (m2/mol kg- 1 ) Scale . 

T/K m2;mol kg- 1 p 1/MPa ksmml ksrml Reference 
kg moi- 1 kg  mol- 1  

2 98 . 15 0 . 5  2 . 41 0 . 213  o .  071  Stoessel! and 
3 . 7 9 0 . 2 19 0 . 0 7 3  Byrne ( 2 4 )  
5 . 1 7 0 . 2 10 0 . 0 7 0  

1 . 0  2 . 41 0 . 222  0 . 074  
3 . 7 9 0 . 213  0 .  0 7 1  
5 . 1 7 0 . 2 13  o .  0 7 1  

10 . 1  0 . 2 4 4  Blanco c and 
2 0 . 3  0 . 22 5  Smith ( 1 7 )  
3 0 . 4  0 . 22 5  
4 0 . 5  0 . 2 35 
50 . 7  0 . 2 4 7  

Av . 0 . 2 3 5  ± 0 . 010  
2 . 0  2 . 4 1 0 . 215 0 .  071  Stoessel! and 

3 . 7 9 0 . 21 6  0 .  0 7 2  Byrne ( 2 4 )  
5 . 17 0 . 210  0 . 07 0  

Av . 0 . 215 ± 0 . 0 04  (All S & B data at 2 9 8  K) 
324 . 7  1 . 0  10 . 1  0 . 22 4  Blanco C and 

20 . 3  0 . 1 9 7  Smith ( 1 7 )  
3 0 . 4 0 . 1 9 7  
4 0 . 5  0 . 2 0 1  
50 . 7  0 . 2 0 3  
6 0 . 8  0 . 19 9  

Av . 0 . 2 04  ± 0 . 0 10 
344 . 2  1 . 0  10 . 1  0 . 2 04  Blanco c and 

2 0 . 3  0 . 1 82 Smith ( 1 7 )  
3 0 . 4  0 . 182  
4 0 . 5  0 . 18 5  
50 . 7  0 . 18 7  
6 0 . 8  0 . 18 4  

Av . 0 . 1 87  ± 0 . 0 08  
375 . 7  1 . 0  10 . 1  0 . 2 11 Blanco c and 

20 . 3  0 . 18 7  Smith ( 1 7 )  
30 . 4  0 . 1 90  
4 0 . 5  0 . 19 8  
50 . 7  0 . 2 0 3  
6 0 . 8  0 . 2 0 1  

Av . 0 . 19 8  ± 0 . 00 9  
3 9 8 . 15 1 . 0  10 . 1  0 . 222  Blanco C and 

2 0 . 3  0 . 1 9 9  Smith ( 1 7 )  
3 0 . 4  0 . 2 03 
4 0 . 5  0 . 212 
50 . 7  0 . 217  
6 0 . 8  0 . 215  

Av . 0 . 2 11 ± 0 . 0 0 9  
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COHPONENTS : 

( 1 )  Methane ; CH4 ; [ 74-82-8 ] 

( 2 )  Electrolyte 

( 3 )  Water; H2o;  [ 7732-18-5 ]  

CRITI CAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 98 5 ,  March 

The Michels e t  a Z .  and the Duf fy e t  a Z .  data are clas sed as doubtful 
and the Blanco C and Smith and the Stoessell and Byrne data are classed as 
tentative. Although the Stoessell and Byrne data show a better standard 
deviation , the Blanco c and Smith data are preferred because they cover 
both a large temperature and pressure range . 

94 ( 2 )  Methane + Magnesium chloride [ 7 7 8 6-30-3 ]  

+ Calcium chloride [ 1 0 0 4 3- 5 2-4 ] + Water 

Byrne and Stoessell ( ref 2 5 )  report the solubility of methane in 
water and in an equal molar mixture of MgC12 (m 2 ) and cac12 (m3 ) in water 
at 29 8 . 1 5 K and a pressure of 3 . 79 MPa . Both ksim and ksmm values of the 
salt effect parameter are given below . The values are classed as tenta
tive. 

T/K 

2 9 8 . 1 5 1 . 0  

Salt Effect Parameter at 3 . 7 9 MPa 

1 . 0  

k I /kg mol- 1 s m 

0 . 074  

k /kg mol- 1 smm 

0 . 2 2 3  

98 ( 1 )  Methane + Lithium chloride [ 74 4 7-41-8 ] + Water 

The solubility of methane in water and aqueous LiCl solutions is re
ported by Michels ,  Gerver and Bijl  ( ref 3 ) , Morrison and Billett ( ref  6 )  
and Ben-Naim and Yaacobi ( ref 1 5 ) . 

Values of the salt effect parameter from their work are summarized 
below. Values in ( )  were calculated by the evaluator.  



T/K 

28 3 . 1 5 

28 5 . 15 

2 8 8 . 1 5 

2 9 3 . 15 

29 8 . 1 5 

30 3 . 1 5 

322 . 5 5 

34 4 . 8 5 

Aqueous Electrolyte Sol utions 

Lithium chloride Salt Effect Parameter 

a2 /mol dm- 3 m2 /mol kg- 1 P1 /MPa ksmm 

1 . 0  - 0 . 1  0 . 1 21 ( 0 . 129 )  ( 0 . 1 12 ) ( 0 . 1 2 7 )  

- 1 . 0  0 . 1  ( 0 . 1 3 9 )  - 0 . 1 3 0  0 . 1 4 5  

1 . 0  - 0 . 1  0 . 1 15 - - -

1 . 0  - 0 . 1  0 . 1 11 - - -

1 . 0  - 0 . 1  0 . 1 0 9  ( 0 . 1 1 7 )  0 . 0 9 9  ( 0 . 1 1 4 )  
2 . 7  - 4 . 8 0 ( 0 . 1 3 8 )  0 . 1 4 5  - -
- - 10 . 1 5 ( 0 . 0 7 7 )  0 . 08 4  - -
- - 14 . 70 ( 0 .  057 )  0 . 0 6 4  - -
- - 19 . 78 ( 0 .  0 5 0 )  0 . 057  - -

1 . 0  - 0 . 1  0 . 108 - ( 0 . 0 9 8 )  ( 0 . 1 13)  
- 1 . 0  0 . 1  ( 0 . 107)  ( 0 . 1 15)  0 . 09 7  0 . 1 12 

- 1 . 0  0 . 1  - - 0 . 0 82 0 . 0 9 7  

- 1 . 0 0 . 1  - - 0 . 07 7  0 . 092 

69 

Ref 

( 1 5 )  

( 6 )  

( 1 5 )  

(15 )  

( 1 5 )  
( 3 )  
( 3 )  
( 3 )  
( 3 )  

( 1 5 )  
( 6 )  

( 6 )  

( 6 )  

At 2 9 8  and 3 03 K the values of Ben-Naim and Yaacobi and o f  Morrison 
and Billett agree to within one percent when converted to a common salt ef
fect parameter as ksmx or ksmm· At 283/285  K their values differ by 15 

percent . The values of Michels e t  a t .  cannot be compared directly with the 
others without knowledge of the compressibility of the aqueous LiCl solu
tions .  

9 9 ( 1 )  Methane + Sodium chloride [ 7 6 4 7-14- 5 ]  + Water 

The solubility of methane in water and aqueous NaCl solution is re
ported in twelve papers . The salt effect parameters as a function of 
temperature , pressure and NaCl concentration are summarized in the follow
ing table.  The table is in two parts ; part A gives the results from seven 
papers on a salt molar (a 2/mol dm- 3 )  basis and part B was the results from 
five papers on a salt molal (m 2/mol kg-1 )  basis . 
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Salt Effect Parameters . Methane + Sodium Chloride + water . 

A .  Molar Scale . 

T/K a I P 1/MPa kS9r1/ kscx/ Reference 
mbl dm- 3 dm 'mol- 1 dm3 mol- 1 

2 77 . 15 1 . 06 0 . 1  0 . 162  Mishnina et a Z.  
2 . 10 0 . 1  0 . 157 ( 9 ) 
3 . 08 0 . 1  0 . 161  
4 . 12 0 . 1  0 . 167  
5 . 31 0 . 1  0 . 165 

2 8 3 . 15 1 . 06 0 . 1  0 . 150  Mishnina e t  
2 . 10 0 . 1  0 . 156  a Z. .  ( 9 ) 
3 . 0 8 0 . 1  0 . 155 
4 . 12 0 . 1  0 . 155  
5 . 31 0 . 1  0 . 162  
0 . 2 5 0 . 1  0 . 177 Ben-Naim , 
0 . 50 0 . 1  0 . 166  Yaccobi (15 ) 
1 . 0  0 . 1  0 . 16 7  
2 . 0  0 . 1  0 . 162  

2 8 8 . 15 0 . 2 5 0 . 1  0 . 16 7  Ben-Naim , 
0 . 5 0 0 . 1  0 . 159  Yaccobi (15 ) 
1 . 0  0 . 1  0 . 16 0  
2 . 0  0 . 1  0 . 156  

2 9 3 . 15 1 . 00 0 . 1  0 . 13 8  Mishnina e t  
1 . 77 0 . 1  0 . 14 8  a Z. . ( 9 ) 
2 . 6 0 0 . 1  0 . 14 9  
3 . 90 0 . 1  0 . 14 7  
5 . 31 0 . 1  0 . 14 5  
0 . 25 0 . 1  0 . 16 0  Ben-Naim, 
0 . 5 0 0 . 1  0 . 151 Yaccobi ( 1 5 )  
1 . 0  0 . 1  0 . 154  
2 . 0  0 . 1  0 . 14 9  

2 9 8 . 15 0 . 25 0 . 1  0 . 15 8  Ben-Naim , 
0 . 5 0  0 . 1  0 . 14 6  Yaccobi (15 ) 
1 . 0  0 . 1  0 . 14 9  
2 . 0  0 . 1  0 . 14 4  
0 . 5 0 0 . 1  0 . 113  Yano e t  a Z. .  
1 . 00 0 . 1  0 . 14 6  (16 ) 
1 . 50 0 . 1  0 . 16 3  
2 . 5  10  0 . 117 Michaels  e t  

1 5  0 . 09 6  a Z. .  ( 3 ) 
2 0  0 . 097  

5 . 4  10 0 . 114 
15 0 . 10 6  
2 0  0 . 115 

303 . 15 1 . 04 0 . 1  0 . 135  Mishnina e t  
2 . 0 0 0 . 1  0 . 135  a Z. .  ( 9 ) 
2 . 6 0 0 . 1  0 . 139 
3 . 90 0 . 1  0 . 137 
5 . 31 0 . 1  0 . 1 35 
0 . 25 0 . 1  0 . 15 8  Ben-Naim , 
0 . 50 0 . 1  0 . 14 2  Yaccobi (15 ) 
1 . 0  0 . 1  0 . 14 5  
2 . 0  0 . 1  0 . 1 3 8  
0 . 50 1 , 2 , 3 , 4  0 . 15 8 ± 0 . 04 1  Duffy e t  a Z. .  
1 . 0  1 , 2 , 3 , 4 0 . 15 4 ±0 . 0 2 5  ( 7 ) 
2 . 7  1 , 2 , 3 , 4  0 . 1 0 7 ± 0 . 013 
5 . 4  1 , 2 , 3 , 4 0 . 10 3 ± 0 . 006  

32 3 . 15 1 . 02 0 . 1  0 . 13 1  Mishnina e t  
1 .  98  0 . 1  0 . 134  a Z. .  ( 9 ) 
2 . 80 0 . 1  0 . 130 
3 . 90 0 . 1  0 . 131 
5 . 31 0 . 1  0 . 12 9  
1 . 0 0 2 9 . 5  0 . 1 0 8  Namiot e t  a Z. .  

(21 ) 
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Methane + Sodium Cloride + Water 
A. Molar Scale (continued) 

T/K c2/ p 1/MPa ksccl kscxl Reference 

mol dm- 3 dm 3 mol- 1 dm 3 mol- 1 
32 3 . 15 2 . 5  10  0 . 10 0  Michaels et 
( cont . ) 15 0 . 0 97  a Z .  ( 3 ) 

2 0  0 . 0 9 3  
5 . 4  10 0 . 105  

15 0 . 103 
20  0 . 1 01 

324 . 1 5 1 . 0  10 . 1  0 . 12 3  O ' Sullivan , 
20 . 3  0 . 129 Smith ( 1 3 )  
30 . 4  0 . 12 8  
4 0 . 5  0 . 12 6  
50 . 7  0 . 12 6  
6 0 . 8  0 . 12 5  

4 . 0  2 0 . 3  0 . 113 
30 . 4  0 . 115 
40 . 5  0 . 115 
50 . 7  0 . 114 
6 0 . 8  0 . 113 

34 2 . 15 1 . 02 0 . 1  0 . 12 9  Mishnina e t  
1 . 9 8 0 . 1  0 . 12 1  a Z .  ( 9 ) 
3 . 9 5  0 . 1  0 . 121 
5 . 3 1 0 . 1  0 . 12 6  

34 8 . 15 2 . 5  10  0 . 10 0  Michaels et 
15 0 . 09 5  a Z .  ( 3 )  
20  0 . 0 9 3  

5 . 4  10  0 . 102  
15 0 . 101 
20  0 . 0 9 9  

353 . 15 1 . 02 0 . 1  0 . 111 Mishnina e t  a Z. 
2 . 12 0 . 1  0 . 112 a Z .  ( 9 ) 
3 . 2 8 0 . 1  0 . 108  
5 . 3 1 0 . 1  0 . 108  

3 63 . 15 1 . 06 0 . 1  0 . 108  Mishnina e t  
2 . 10 0 . 1  0 . 107  a Z .  ( 9 ) 
3 . 0 8 0 . 1  0 . 113  
5 . 31 0 . 1  0 . 113 

3 7 3 . 15 1 . 0  29 . 5  0 . 114 Namiot e t  a Z .  
(2 1 ) 

2 . 5  10  0 . 105  Michaels e t  
15 0 . 0 9 8  a Z .  ( 3 ) 
2 0  0 . 09 2  

5 . 4  10 0 . 10 3  
15 0 . 10 0  
20  0 . 0 9 8  

3 75 . 6 5 1 . 0  20 . 4  0 . 115 O ' Sullivan , 
3 0 . 6  0 . 112 Smith ( 1 3 )  
4 0 . 8  0 . 113  
5 1 . 0  0 . 125 
6 1 . 2  0 . 117  

4 . 0  20 . 4  0 . 10 7  
3 0 . 6  0 . 106  
4 0 . 8  0 . 110  
5 1 . 0 0 . 116 
6 1 . 2  0 . 116 

3 9 8 . 15 2 . 5  10  0 . 115 Michaels e t  
15 0 . 105  a Z .  ( 3 )  
2 0  0 . 09 9  

5 . 4  10  0 . 10 5  
1 5  0 . 10 1  
2 0  0 . 0 9 9  

1 . 0  10 . 4  0 . 132 O ' Sullivan , 
2 0 . 7  0 . 122 Smith ( 1 3 )  
3 0 . 9  0 . 124 
4 1 . 0  0 . 12 0  
5 1 . 4 0 . 12 9  
1'>1 _F. n , ? ?  



72 Aqueous Electrolyte Solutions 

Methane + Sodium Chloride + Water 
A. Molar Scale ( continued) 

T/K a2/ p 1(MPa kscc/ kscxl Reference 

mol dm- 3 dm 3 mol- 1 dm 3 mol- 1 

3 9 8 . 15 4 . 0  2 0 . 7  O . ll2 O ' Sullivan , 
(cont . )  3 0 . 9  O . ll7  Smith ( 13 ) 

4 1 . 0 O . ll7 
51 . 4  O . ll9  
6 1 . 6  O . ll9 

4 2 3 . 15 2 . 5  10  0 . 14 5  Michaels e t  
15 0 . 1 0 9  a t .  ( 3 )  
2 0  0 . 1 0 6  

5 . 4  10  0 . 10 4  
1 5  0 . 10 2  
2 0  0 . 09 9  

1 . 0  2 9 . 5  0 . 0 9 8  Namiot e t  a t .  

4 7 3 . 15 1 . 0  2 9 . 5  0 . 08 4  Namiot e t  a t .  

5 2 3 , 15 1 . 0  2 9 . 5  0 . 1 3 4  Namiot e t  a Z .  

5 7 3 . 15 1 . 0  2 9 . 5  0 . 2 0 5  Namiot e t  a Z .  

6 2 3 . 15 1 . 0  2 9 . 5  0 . 2 95  Namiot e t  a t .  
( 2 1) 

B .  Molal Scale 

T/K m2/ p 1/MPa ksmcl ksmml ksmxl Reference 

mol kg- 1 kg mol- 1 kg mol- 1 kg mol- 1 

2 7 3 . 15 0 . 6 8 0 . 1  0 . 1 8 8  Eucken , 
1 . 37 0 . 1  0 . 17 8  Hertzebrg 5) 
2 .  7 7  0 . 1  0 . 186  

0 . 8 1-4 . 7 0 1 . 9 -3 . 3  ( 0 . 15 0 )  0 . 165 Cramer ( 2 6) 
2 8 5 . 75  1 . 0  0 . 1  0 . 15 3  ( 0  . 16 8 )  Morrison , 

Billett ( 6) 
2 9 3 . 15 0 . 7 9 5  0 . 1  0 . 16 3  Eucken , 

2 . 6 3 0 . 1  0 . 15 7  Hertzberg 5) 

0 . 8 1-4 . 70 2 . 2-4 . 1  ( 0 . 12 6 )  0 . 14 1  Cramer ( 26 )  

2 9 8 . 15 0 . 5  2 . 41 0 . 10 1  Stoessel! , 
3 . 7 9 0 . 1 38  Byrne ( 24 )  
5 . 17 O . ll7 

1 . 0  2 . 4 1  O . ll6  
3 . 7 9 0 . 13 7  
5 . 17 0 . 124  

2 . 0  2 . 41 0 . 1 2 4  
3 . 79 0 . 12 5  
5 . 17 0 . 124  

4 . 0  2 . 41 0 . 12 0  
3 . 79 0 . 12 2  
5 . 17 O . ll9 

0 . 12 2 ± 0 . 0 1 0  ( 0 . 13 7 )  
3 0 3 . 15 1 . 0  0 . 1  0 . 12 7  ( 0 . 14 2 )  Morrison , 

Billett ( 6) 
3 13 . 15 0 . 8 1-4 . 70 1 . 1-4 . 1  (O . ll 2 )  0 . 12 7  Cramer ( 2 6) 
3 22 . 55 1 . 0  0 . 1  O . lll ( 0 . 12 6 )  Morrison , 

Billett ( 6) 
3 33 . 15 0 . 81-4 . 70 1 . 1-3 . 9  ( 0 . 104 ) O . ll9  Cramer ( 2 6) 
3 4 4 . 85 1 . 0  0 . 1  0 . 10 2  ( O . ll7 ) Morrison , 

Billett ( 6) 
3 5 3 . 15 0 . 81-4 . 7 0 1 . 1-4 . 0 ( 0 . 1 0 1 )  O . ll6 Cramer ( 2 6) 

3 7 3 . 15 0 . 81-4 . 70 1 . 1  5 . 5  ( 0  . 10 1 )  0 . 116  Cramer ( 2 6) 

0 . 0 5 -5 . 7  13 . 6-153 0 . 10 3  ( 0 . 11 8 )  Blount e t  a t .  
(18 , 2 3 )  
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Methane + Sodium Chloride + Water 
B .  Molal Scale (continued) 

T/K m2; p 1/MPa ksmcl ksmml ksru/ Reference 

mol kg- 1 kg mol- 1 kg mol- 1 kg mol- 1 

3 9 3 . 15 0 . 81-4 . 70 1 . 2-5 . 4  ( 0 . 10 3 )  0 . 118 Cramer (2 6 )  

4 0 7  0 . 05-5 . 7  13 . 6-153 0 . 10 3  ( 0 . 11 8 )  Blount e t a Z .  
(18  , 2 3 ) 

413 . 15 0 . 8 1-4 . 7 0 1 . 1-6 . 3 ( 0 . 10 7 )  0 . 12 2  Cramer (2 6 )  

4 3 3 . 15 0 . 8 1-4 . 7 0 1 . 1-5 . 5  ( 0 . 111 )  0 . 12 6  Cramer (26 ) 

4 4 4  0 . 0 5 -5 . 7  13 . 6-153 0 . 10 3  ( 0 . 11 8 )  Blount e t  a l .  
(18  , 2 3 )  

4 5 3 . 15 0 . 8 1-4 . 7 0 5 . 7-6 . 8  ( 0 . 11 5 )  0 . 13 0  Cramer (2 6 ) 

4 7 3 . 15 0 . 8 1-4 . 70 5 . 7-7 . 1  ( 0 . 11 9 )  0 . 13 4  Cramer ( 26 ) 

4 7 8  0 . 05-5 . 7  13 . 6-153  0 . 10 3  ( 0 . 11 8 )  Blount e t  a l .  
(18 , 2 3 )  

4 9 3 . 15 0 . 8 1-4 . 70 7 . 3-8 . 9  ( 0 . 12 1 )  0 . 136  Cramer (2 6 ) 

512 0 . 05-5 . 7  13 . 6-153 0 . 10 3  ( 0 . 11 8 )  Blount e t  a l .  
(18 , 2 3 )  

513 . 15 0 . 81-4 . 7 0 6 . 9-8 . 9  ( 0 . 12 2 )  0 . 137 Cramer (26 ) 

5 3 3 . 15 0 . 8 1-4 . 7 0 6 . 9-8 . 9  ( 0 . 12 1 )  0 . 136 Cramer (26 ) 

553 . 15 0 . 8 1-4 . 70 10 . 1-12 . 0  ( 0 . 11 8 )  0 . 13 3  Cramer (26 ) 

5 7 3 . 15 0 . 8 1-4 . 70 1 1 . 9-13 . 2  ( 0 . 11 3 )  . 12 8  Cramer (26 ) 

Values in ( ) calculated by the compile r .  
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COHPONENTS : EVALUATOR : 

( 1 )  Methane; CH4 ; [ 74-82-8 ] 

( 2 )  Electrolyte 

( 3 )  Water; H2o ;  [ 77 3 2-1 8 - 5 ]  

CRITICAL EVALUATION : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 98 5 ,  March 

Mo lar Saa l e .  Al l of the results are classed as tentative , but the salt ef
fect parameters based on the work of Michels ,  Gerver and Bij l (ref 3 ) , 
Duffy , Smith and Nagy (ref  7 ) , and the Yano , Suetaka , Umehara and Horiuchi 
(ref 1 6 )  at 0 . 50 molar are considered less reliable than the other value s .  

Mishnina , Avdeeva , and Bozhovskaya (ref 8 , 9 )  give salt effect parameters 
in two papers . The values in (ref 8 )  appear to be an average based on 
their result in (ref 9) and the results of Morrison and Billett (ref 6 ) . 
Only the values based on the experimental solubility values in (ref 9 )  are 
given in the table. 

The results of Mishnina e t  a l .  (ref 9 ) , O ' Sullivan and Smith (ref 1 3 ) , 
Ben-Naim and Yaacobi ( ref 1 5 )  and Namiot ,  Skripka and Ashmyan (ref 2 1 )  do 
not always agree well , but they do show similar trends with temperature , 
pressure and sodium chloride concentration.  

Mo l a l  Saa l e .  Again all of the data are clas sed as tentative . The solu
bility data of Blount et a Z .  (ref 1 8 , 2 3 )  show the most scatter . They 
propose an average solubility parameter of k smm/kg mol- 1 = 0 . 1 0 2 5  ± 0 . 0 0 4 7  
for all pressure and NaCl concentrations between temperatures o f  3 7 3  and 
5 1 2  K ,  while Cramer ' s  (ref 2 6 )  data show a steady increase from 0 . 1 0 1  
t o  0 . 1 2 2  over the temperature range . Blount e t  a l .  ( ref 2 3 )  point out 
that Susak and McGee ( ref 2 8 )  calculate a ksmm value of ( 0 . 1 2 0  ± 0 . 0 0 3 )  
from data compiled and evaluated by Haas (ref 2 7 )  a t  these temperatures . 

The data of Eucken and Hertzberg (ref 5 ) , Morrison and Billett (ref 6 ) , 
Stoessell and Byrne ( ref 2 4 ) , and Cramer ( ref 2 6 )  show similar trends .  
Neither increas ing sodium chloride molality nor pressure seem to affect 
the salt effect parameter at a given temperature . 

The work of Namiot e t  a Z .  ( ref 2 1 )  and Cramer (ref 2 6 )  covers temper
atures up to 6 2 3  and 573  K respectively . The two data sets are not direct
ly comparable because one is on the molar scale and the other the molal 
scale . Both groups have taken fugacity into account . The k scx values of  
Namiot e t  a l .  are much larger than the k smx values of Cramer at the highest 
temperature s .  Cramer ' s  values actually show a slight decrease with temper
ature. More work is needed on salt effect parameters at the high tempera
tures and pressures . 

9 9 ( 2 )  Methane + Magnes ium chloride [ 77 8 6- 3 0 - 3 ]  

+ Sodium chloride [ 7 64 7-14- 5 ]  + Water 

Byrne and Stoessel l ( ref 1 5 )  report the solubility of methane in 
water and in an equal molal mixture of MgC12 and NaCl at 298 . 1 5 K and a 
pressure of  3 . 7 9 MPa . The value of k sim and k smm are classed as tentative . 

T/K MgC1 2 NaCl Salt Effect Parameter at 3 . 7 9 MPa Pressure 

m2 /mol kg- 1 m3 /mol kg- 1 

2 98 . 1 5 1 . 0  1 . 0  0 . 06 6  0 . 1 3 7  
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9 9 ( 3 )  Methane + Calcium chloride [ 1 0 0 4 3-52-4 ]  

+ Sodium chloride [ 7 6 4 7-14-5]  + Water 

Duf fy , Smith and Nagy (ref 7) report the solubility of methane in 
water and an aqueous solution that is 3 . 0  mol dm- 3 CaC12 and 1 . 5 3 mol dm- 3 

NaC l at 303 K and pressures of 2 . 5 4 and 3 . 1 7 MPa .  Byrne and Stoessell 
( ref 2 5 )  report the solubilities in equi molal solution of cac1 2 and NaCl 

at 2 98 . 1 5 K and 3 . 7 9 MPa . No ef fort was made to directly compare the re
sults .  The values are clas sed a s  tentative . 

T/K Cacl 2 NaCl P1 /MPa Salt Effect Parameter 

a2 !mol dm- 3 a 3 /mol drn- 3 

or or kscx kxim ksmm 

m2 /mo1 kg- 1 m3 /mol kg- 1 
kscx 

2 9 8 . 1 5 1 .  0 (m) 1 . 0  (m) 3 . 79 0 . 08 6 (m) 0 . 17 2  

3 0 3 . 15 3 . 0 (c )  1 .  53 ( c )  2 . 54 0 . 1 55 0 . 0 6 7 (x) 

5 . 1 9 0 . 1 4 4  0 . 0 6 2 (X)  

9 9 ( 4 )  Methane + Sodium bromide [ 7 6 4 7-15-6 ]  + Water 

Both Michel s ,  Gerver and Bij l (ref 3) and Ben-Naim and Yaacobi (ref 
15) have measured the solubil ity of methane in water and in aqueous NaBr 
solution. Salt e ffect parameters from their work are given below . 

T/K 

28 3 . 1 5 

28 8 . 1 5 

29 3 . 1 5 

2 98 . 1 5 

3 03 . 1 5 

1 . 0  

1 . 0  

1 . 0  

1 . 0  
2 . 7  

-
-
-

1 . 0  

0 . 1  

0 . 1  

0 . 1  

0 . 1  
52 . 8  

10 2 . 6  
15 3 . 6  
2 00 . 4  

0 . 1  

Salt Effect Parameters 

k }dm3 mol- 1 
sec 

0 . 1 6 5 

0 . 157  

0 . 1 4 9  

0 . 1 4 2  
-
-
-
-

0 . 1 36  

k scx/drn 3 mol- 1 

-

-

-

-
0 . 1 52 
0 . 1 31 
0 . 118  
0 . 1 1 7  

-

75 

The two data sets are not directly comparable because of differences 
in NaBr concentration and methane pressure . The data are classed as tenta
tive , but we prefer the values of Ben-Naim and Yaacobi measured at 0 . 1  MPa 
for use because they give a self-consistent set of values for use over the 
283-303  K temperature interval . 

9 9 ( 5 )  Methane + Sodium iodide [ 7 681- 8 2- 5 ]  + Water 

Both Michels , Gerver and Bijl  (ref 3) and Ben-Naim and Yaacobi (ref l S )  
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COHPONENTS : 

( 1 )  Methane�  CH4 � [ 74 - 8 2-8 ] 

( 2 )  Electrolyte 

( 3 )  Water� H2o�  [ 77 32-18-5 ]  

CRITICAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

19 8 5 ,  March 

have measured the solubility of methane in water and aqueous Nai solution . 
The salt effect parameters calculated by the evaluator from their data 
are given below . 

T/K 

28 3 . 1 5 

288 . 1 5 

2 9 3 . 1 5  

2 98 . 1 5 

3 0 3 . 1 5  

1 . 0  

1 . 0  

1 . 0  

1 . 0  
2 . 7  

-
-
-

1 . 0  

P1 /mPa 

0 . 1  

0 . 1  

0 . 1  

0 . 1  
56 . 2  

1 1 1 . 7  
1 52 . 0  
2 04 . 9  

0 . 1  

Salt Effect Parameter 

k /dm 3 mol- 1 sec 

0 . 1 6 0  

0 . 1 52  

0 . 14 2  

0 . 1 3 0  
-
-
-
-

0 . 1 1 8  

k /dm3 mol- 1 sex 

-

-

-

-
0 . 1 1 3  
0 . 0 8 6  
0 . 074 
0 . 0 6 4  

-

It is somewhat unusual to observe a low molecular weight gas salted 
out more by Nai than NaBr as is the case with the Ben-Naim and Yaacobi 
data. However , our recommendation i s  the same as with the NaBr data 
above . The salt ef fect parameters are classed as tentative but we prefer 
the Ben-Naim and Yaacobi values measured at 0 . 1  MPa because they give a 
sel f-consistent set of values for use over the 2 8 3- 3 0 3  K temperature in
terval . 

99 ( 6 )  Methane + Sodium Sulfate [ 7 7 57-82-6 ] + Water 

Mishnina , Audeeva and Bozhovskaya ( ref 9 )  and Stoessell and Byrne 
(ref 2 4 )  report the solubility of methane in water and aqueous Na2so4 
solutions at temperatures of 2 9 3  and 298  K ,  respectively . 

3 -T/K a 2 /mol dm P1 /MPa 

m2 /mol kg- 1 

2 93 . 1 5 0 . 4 8 ( a  2) 0 . 1  

0 . 9 0 ( a 2 ) 0 . 1  

29 8 . 1 5 0 . 5  (m  2) 2 . 4 1  
1 . 0  (m2 ) 2 . 4 1  

0 . 5 (m2 ) 3 . 79 
1 . 0  (m2 ) 3 . 79 

0 . 5  ( m 2) 5 . 1 7 
1 . 0  ( m2) 5 . 1 7 

Salt Effect Parameters 
k /dm 3 sec 

- 1 mol k. sim/kg mol- 1 

0 . 3 9 1  -

0 . 39 0  -

- 0 . 1 2 0  
- 0 . 1 24 

- 0 . 1 2 7  
- 0 . 1 2 2  

- 0 . 1 2 0  
- 0 . 1 1 6  

Average 0 . 1 2 2  
Average 0 . 36 5  

k.smm/kg mol- 1 

( 0 . 37 6 )  

( 0 . 3 7 5 )  

0 . 3 59  
0 . 3 7 3  

0 . 3 8 1  
0 . 36 6  

0 . 3 6 0  
0 . 34 8  

± 0 . 004 (Authors )  
± 0 . 0 12  
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The Mishnina e t  a Z .  k values when converted to k smm values agree 
sec 

well with the Stoessell and Byrne values , although they were measured 
under quite different pressures and temperatures that differed by 5 K .  
Both sets o f  values are classed a s  tentative . 

9 9 ( 7 )  Methane + Sulfuric acid [ 76 6 4-93-9 ] 

+ Sodium sulfate [ 77 5 7-8 2 - 6 ]  + Water 

Kobe and Kenton ( ref 4 )  measured the solubility of methane in a solu
tion that was 0 . 90 mol kg- 1 H2so4 and 1 . 76 mol kg- 1 Na2so4 at 2 9 8 . 1 5 K .  
The salt effect parameter k smm/kg mol- 1 = 0 . 2 0 is  classed as tentative . 

99 ( 8 )  Methane + Magnesium sulfate [ 7 78 5- 8 7 - 7 ]  

+ Sodium sul fate [ 7757-8 2-6 ] + Water 

Stoessell and Byrne ( ref 24 ) report the following salt effect parame
ter for the Mgso4 + Na2so4 mixed electrolyte solvent at 2 9 8 . 1 5  K and 3 . 79 
MPa . The value is classed as tentative . 

T /K Salt Effect Parameter 

2 98 . 1 5 0 . 5 0 . 5  3 . 7 9 0 . 097  

1 9 ( 9 )  Methane + Sodium chloride [ 7 647-14-5 ]  

+ Sodium sul fate [ 7 7 5 7-8 2 - 6 ]  + Water 

0 . 34 0  

Stoessell and Byrne (ref 24 ) report the following salt effect parame
ters for NaCl + Na2so4 at 2 98 . 1 5 K and 3 . 7 9 MPa . The value is classed as 
tentative. 

T /K Salt Effect Parameter 

2 98 . 1 5 1 . 0  1 . 0  3 . 7 9 0 . 1 1 1  0 . 2 2 3  

9 9 ( 1 0 )  Methane + Sodium bicarbonate [ 1 4 4-55-8 ] + Water 

Stoe ssell and Byrne (ref 24 ) report the solubility of methane in water 
and in aqueous NaHco3 solution at 2 9 8 . 1 5 K and methane partial pres sures of 
2 . 4 1 ,  3 . 7 9  and 5 . 1 7 MPa . The salt effect parameters are classed as tenta
tive . 
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COHPONENTS : 

( 1 )  Methane;  CH4 ; [ 7 4 - 8 2-8 ] 

( 2 )  Electrolyte 

( 3 )  Water; H2o ;  [ 7 7 32- 1 8 - 5 ]  

CRITICAL EVALUATION : 

T/K m2 /mol kg- 1 

2 9 8 . 1 5 0 . 2 5 
0 . 5 0 

0 . 25 
0 . 5 0 

0 . 25 
0 . 50 

P1 /MPa 

2 . 4 1  

3 . 7 9 

5 . 17 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

1 98 5 ,  March 

ksim or k smm/kg mol- 1 

0 . 1 3 0  
0 . 1 4 5  

0 . 1 2 3  
0 . 164  

0 . 1 3 2  
0 . 1 29 

Authors 0 . 14 6  

Average 0 . 1 3 7  ± 0 . 01 5  

For a 1-1  electrolyte k sim and k smm will be the same . 

99 ( 1 1 )  Methane + Sodium carbonate [ 4 97-19-8 ] + Water 

Stoessel and Byrne ( ref  2 4 )  measured the solubility of methane in 
water and several aqueous Na2co3 solutions at 298 . 1 5 K and methane partial 
pressures of 2 . 4 1 ,  3 . 7 9 and 5 . 1 7 MPa .  The solubility parameters calculat
ed from these data are classed as tentative . 

T/K Salt Effect Parameters 

2 9 8 . 1 5 0 . 5  2 . 4 1  0 . 1 2 0  
0 . 1 2 4  
0 . 1 2 1  

0 . 3 6 0  
0 . 37 2  
0 . 3 6 3  

1 . 0  
1 . 5  

0 . 5  3 . 7 9 
1 . 0  
1 . 5  

0 . 5  5 . 17 
1 . 0  
1 . 5  

0 . 1 2 7  
0 . 1 25 
0 . 1 1 4  

0 . 1 25 
0 . 1 2 5  
0 . 1 1 8  

Average ( 0 . 1 2 2  

Authors 0 . 1 1 8  

± 0 . 004 ) 

99 ( 1 2 )  Water + Sodium chloride [ 7 64 7 - 1 4 - 5 ]  

+ Sodium carbonate [ 4 97-1 9-8 ] + Water 

0 . 38 1  
0 . 375  
0 . 3 4 2  

0 . 3 7 5  
0 . 375  
0 . 354  

Stoessell and Byrne (ref 24 )  report the following salt effect 
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parameters for the NaCl + Na2co3 mixed electrolyte solvent at 298 . 1 5 K and 

a methane partial pressure of 3 . 7 9 MPa .  The value is c lassed as tentative . 

T /K P1 /MPa 

2 9 8 . 1 5 1 . 0  1 . 0  3 . 7 9 

Salt Effect Parameter 

0 . 1 13  

k /kg mol- 1 smm 

0 . 2 25  

9 9 ( 1 3 )  Methane + Sodium sulfate [ 7757-8 2 - 6 ]  

+ Sodium carbonate [ 4 9 7-19-8 ] + Water 

Stoessell and Byrne (ref 2 4 )  report the following salt effect parame
ter for the Na2so4 + Na2co3 mixed electrolyte solvent at 298 . 1 5 K and at 
methane partial pressure of 3 . 7 9 MPa . The value is classed as tentative . 

T/K Na2 so4 

m2/mol kg- 1 

Na2co3 
m3 /mo1 kg- 1 

P1 /MPa Salt Effect Parameter 

k sim/kg mol- 1 k smm/kg mol- 1 

29 8 . 1 5 0 . 5  0 . 5  3 . 79 0 . 1 2 0  0 . 36 0  

100 { 1 )  Methane + Potassium hydroxide [ 1 3 10-5 8 - 3 ]  + Water 

Shoor,  walker and Gubbins (ref 11) measured the solubil ity of methane 
in water and up to 10 molar KOH solution at four temperatures between 2 9 8  
and 353  K .  Their salt effect parameters a s  k /dm 3 mol- 1 values are 
clas sed as tentative.  sex 

1 . 03 
2 .  7 7  
5 . 1 3 
7 . 3 5 

10 . 1 5 

Average 

Author ' s  value 

Salt Effect Parameters 

2 98 . 1 5 K 31 3 . 1 5 

0 . 214 0 . 17 4  
0 . 2 0 3  0 . 1 7 9  
0 . 197  0 . 1 7 7  
0 . 1 94  0 . 1 7 6  
0 . 1 98  0 . 178 

k /dm 3 mol- 1 sex 
K 333 . 1 5 

0 . 165 
0 . 1 6 3  
0 . 164  
0 . 166  
0 . 168 

at temperatures of 

K 3 5 3 . 1 5 K 

0 . 1 3 9  
0 . 14 4  
0 . 1 54  
0 . 1 58  
0 . 1 56  

( 0 . 201 ± 0 . 0 0 8 )  ( 0 . 17 7  ± 0 . 0 0 2 )  ( 0 . 1 6 5  ± 0 . 0 0 2 )  ( 0 . 1 51 ± 0 . 0 0 9 )  

0 . 1 9 7  0 . 1 7 6  0 . 164 0 . 1 54 

100 { 2 )  Methane + Potassium chloride [ 74 4 7-4 0- 7 ]  + Water 

Four papers report data of the solubility of methane in water and 
aqueous KCl solutions . Three of the papers use a molar ( a 2/mol dm- 3 ) scale 
and one a molal (m 2 /mol kg- 1 )  scale . Two report values from solubility 
measurements at one atm . while two report values as a function of pressure . 

The data of Michels e t  a Z .  ( ref 3 )  show the most scatter and are the 
least reliable . At 2 9 8 . 1 5 K the data of Stoessell and Byrne (ref 2 4 )  
average k smm/kg mol- 1 = ( 0 . 1 11 ± 0 . 0 1 0 ) , but the authors suggest the value 
0 . 101 , based primarily on the 4 . 0  modal KCl solution for use . Yano e t  a Z .  

M-D 



80 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane; CH4 ; [ 74-82-8 ] 

( 2 )  Electrolyte 

( 3 )  Water; H2o; [ 7732-18-5 ] 

CRITICAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

198 5 ,  March 

( ref 16 ) suggest a value of k /dm 3 mol- 1 = 0 . 1 3 7  which agrees well with sec 
the Ben-Naim and Yaacobi (ref 1 5 )  value of k scc /dm 3 mol- 1 = 0 . 1 3 8 . The 
last two values are equivalent to k /kg mol- 1 = 0 . 1 2 0  - 0 . 121  which is smm 
about 8 percent larger than the Stoessell and Byrne value . 

All of the data are classed as tentative but the salt effect parameters 
of Ben-Naim and Yaacobi are preferred because they are a set of self-consis
tent values for use over a 20 degree temperature interval . 

T/K a /mol dm- 3 

m /mol kg- 1 

P1 /MPa Salt Effect Parameter Ref 

2 8 3 . 1 5  

2 8 8 . 1 5 

29 3 . 1 5 

298 . 1 5 

2 98 . 1 5 

298 . 1 5 

2 98 . 1 5 

30 3 . 15  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

0 . 5 
1 . 0 
1 . 5  

o .  5 (m ) 
1 .  0 ( m )  
2 . 0 ( m )  
4 . 0 (m)  

0.  5 (m )  
1 . 0  ( m )  
2.  0 ( m )  
4 .  0 (m)  

0 . 5  (m)  
1 .  0 ( m )  
2.  0 (m)  
4 . 0  (m )  

2 . 7  

1 . 0  

0 . 1  

0 . 1 

0 . 1  

0 . 1  

0 . 1  
0 . 1  
0 . 1  

2 . 4 1 

3 . 7 9 

5 . 1 7 

4 . 8 5 
9 . 8 5 

1 5 . 0 7  
2 0 . 06 

0 . 1  

0 . 156  

0 . 1 4 7  

0 . 1 4 1  

0 . 1 38 

0 . 1 2 8  
0 . 1 39  
0 . 1 4 0  

0 . 138  

0 . 1 1 9  
0 . 098  
0 . 08 4  
0 . 1 1 0  

0 . 1 07 
0 . 1 11  
0 . 108  
0 . 1 01 

0 . 1 3 0  
0 . 1 2 9  
0 . 1 1 2  
0 . 104  

0 . 1 0 8  
0 . 1 1 4  
0 . 1 1 1  
0 . 1 0 0  

1 0 0 ( 3 )  Methane + Magnesium chloride [ 77 8 6-30-3 ]  

+ Calcium chloride [ 1 0 0 4 3-52-4 ] 

+ Sodium chloride [ 76 4 7- 1 4 - 5 ]  

k smm 

( 0 . 1 2 1 )  

0 . 1 07 
0 . 1 1 1  
0 . 108  
0 . 101  

0 . 1 3 0  
0 . 1 29  
0 . 1 1 2  
0 . 104  

0 . 1 08 
0 . 1 1 4  
0 . 1 1 1  
0 . 1 0 0  

+ Potassium chloride [ 74 4 7- 4 0 - 7 ]  + Water 

1 5  

1 5  

1 5  

1 5  

16  
16  
16  

24  
24 
24 
24 

24  
24  
2 4  
2 4  

2 4  
24  
2 4  
2 4  

3 
3 
3 
3 

1 5  

Stoessell and Byrne ( ref 24 ) report the following salt effect parameter 

t 
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for the MgC1 2 + cacl 2 + NaCl + KCl mixed electrolyte solvent at 2 98 . 1 5  K 

and a methane partial pressure of 3 .  79 MPa . The value is classed as tenta-
tive . 

T/K m2 m3  m4 m5 P1 /MPa k sim/kg mol- 1 k smm/kg mol-1 

2 98 . 1 5 0 . 5  0 . 5  0 . 5  0 . 5  3 . 79 0 . 074  0 . 1 4 7  

1 0 0 ( 4 )  Methane + Sodium chloride [ 7 6 4 7- 1 4 - 5 ]  

+ Potassium chloride [ 74 4 7-40-7]  + Water 

stoessell and Byrne (ref 24 ) report the following salt effect parame
ter for the NaCl + KCl mixed electrolyte solvent at 2 9 8 . 1 5 K and a methane 
partial pressure 3 . 7 9 MPa . The value is c lassed as tentative . 

T/K KCl P1 /MPa Salt Effect Parameter 

298 . 1 5 1 . 0  1 . 0  3 . 7 9 0 . 1 1 4  0 . 1 1 4  

1 0 0 ( 5 )  Methane + Potassium iodide [ 7 68 1-11-0 ]  + Water 

Morrison and Billett ( ref 6 )  measured the solubility of methane in 
water and one mol kg- 1 KI solution at four temperatures . The salt effect 
parameters are classed as tentative . 

T/K 

285 . 7 5 

303 . 1 5 

322 . 5 5 

344 . 8 5  

1 . 0 

1 . 0  

1 . 0  

1 . 0  

P1 /MPa 

0 . 1  

0 . 1  

0 . 1  

0 . 1  

Salt Effect Parameter 

k smm/kg mol- 1 k smx/kg mol- 1 

0 . 1 3 0  

0 . 09 7  

o .  071 

0 . 0 6 4  

0 . 14 5  

0 . 1 1 2  

0 . 08 6  

0 . 069  

1 0 0 ( 6 )  Methane + Potassium sulfate [ 7778-80- 5 ]  + Water 

Stoessel and Byrne ( ref 24 ) measured the solubility of methane in 
water and in K2so4 solution at several concentrations and methane partial 
pressures . The salt effect parameters from their data are classed as 
tentative. 
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COHPONENTS : EVALUATOR: 

( 1 )  Methane : CH4 : [ 74-82-8 ] H .  Lawrence Clever 
Department of Chemistry 

( 2 )  Electrolyte Emory University 
Atlanta , GA 3 0 3 2 2  USA 

( 3 )  Water: H2o :  [ 7732-18-5 ]  
198 5 ,  March 

CRITICAL EVALUATION : 

T/K m /mol kg- 1 P/MPa Salt Effect Parameter 

ksim/kg mol- 1 ksmm/kg mol- 1 

2 9 8 . 1 5 0 . 25 2 . 4 1 0 . 1 1 6  0 . 34 8  
0 . 5 0 - 0 . 1 0 4  0 . 3 1 2  

0 . 2 5 3 . 79 0 . 1 1 9  0 . 3 57  
0 . 5 0 - 0 . 1 1 5  0 . 34 5  

0 . 2 5 5 . 1 7 0 . 1 0 5  0 . 31 5  
0 . 5 0 - 0 . 1 04 0 . 31 2  

Average 0 . 1 1 1  ± 0 . 00 7  

Authors 0 . 1 08  

1 0 0 ( 7 )  Methane + Magnesium sulfate [ 778 5-8 7 - 7 ]  

+ Potassium sulfate [ 7 778-80-5 ]  + Water 

Stoessell and Byrne (ref 2 4 )  report the following salt effect parame-
ter for the Mgso4 + K2 so4 mixed electrolyte solvent at 298 . 1 5 K and a 
methane partial pres sure of 3 . 79 MPa . The value is classed as tentative . 

T/K m/mol kg- l m3 /mol kg- 1 P1 /MPa Salt Effect Parameter 

k sim/kg mol- 1 k /kg mol- 1 smm 

2 98 . 1 5 0 . 2 5 0 . 2 5 3 . 7 9 0 . 08 4  0 . 292  

1 0 0 ( 8 )  Methane + Sodium sulfate [ 7757-82-6 ]  

+ Potassium sul fate [ 7 77 8 - 8 0 - 5 ]  + Water 

Stoessell and Byrne ( ref 24 ) report the fol lowing value for the salt 
effect parameter for the Na2so4 + K2so4 mixed electrolyte solution at 
2 98 . 1 5 K and a methane partial pressure of 3 . 7 9 MPa . The value is classed 
as tentative. 

T/K Na2so4 K2so4 P1 /MPa salt Effect Parameter 

m /mol kg- 1 m 3 /mol kg- 1 ksim/kg mol- 1 k 9mm/kg mol- 1 

298 . 1 5 0 . 2 5  0 . 25 3 . 79 0 . 1 1 7  0 . 3 51  
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1 0 0 ( 9 )  Methane + Potass ium bicarbonate [ 2 9 8 -14-6 ]  + Water 

Stoessell and Byrne (ref 2 4 )  measured the solubil ity of methane in 
water and aqueous KHC0 3 solutions at 298 . 1 5 K and methane partial pressures 

of 2 . 4 1 ,  3 . 7 9 and 5 . 1 7 MPa . The salt effect parameters calculated from 
their data are clas sed as tentative . 

T /K P1 /MPa Salt Effect Parameter 

2 98 . 1 5 0 . 25 2 . 4 1 0 . 1 3 0  0 . 1 3 0  
0 . 50 - 0 . 1 3 1  0 . 1 31  

0 . 25 3 . 79 0 . 096  0 . 0 9 6  
0 . 5 0 - 0 . 1 5 1  0 . 1 51 

0 . 25 5 . 17 0 . 1 2 5  0 . 1 25 
0 . 50 - 0 . 1 3 2  0 . 1 32  

Average ( 0 . 1 28 ± 0 . 0 1 8 )  

Authors 0 . 1 4 5  

1 0 0 ( 1 0 )  Methane + Potass ium carbonate [ 5 8 4- 08- 7 ]  + Water 

Stoessell and Byrne (ref 2 4 )  measured the solubility of methane in 
water and in aqueous K2co 3 solution of three concentrations at 298 . 1 5 K 

and methane partial pressures of 2 . 4 1 , 3 . 7 9 and 5 . 17 MPa . The salt effect 
parameters calculated from their solubility data are classed as tentative . 

T/K P1 /MPa Salt Effect Parameters 

298 . 1 5 0 . 5  2 . 4 1 0 . 1 0 9  0 . 3 27 
1 . 0  - 0 . 1 1 7  0 . 351 
2 . 0 - 0 . 1 0 7  0 . 32 1  

0 . 5 3 . 7 9 0 . 1 1 6  0 . 34 8  
1 . 0  - 0 . 1 1 6  0 . 34 8  
2 . 0 - 0 . 1 1 2  0 . 3 36  

0 . 5  5 . 1 7 0 . 1 07 0 . 3 21 
1 . 0  - 0 . 109  0 . 3 2 7  
2 . 0 - 0 . 1 14  0 . 34 2  

Average ( 0 . 1 1 2  ± 0 . 0 0 4 )  

Authors 0 . 1 11  

1 0 0 ( 1 1 )  Methane + Potassium chloride [ 74 4 7-4 0- 7 ]  

+ Potassium carbonate [ 5 8 4- 08-7 ]  + Water 

Stoessell and Byrne (ref 2 4 )  report the fol lowing value of the salt 
effect parameter for the KCl + K2C03 mixed electrolyte solution at 298 . 1 5 K 
and a methane partial pressure of 3 . 7 9 MPa .  The value is classed as 
tentative.  
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COHPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2-8 ] 

( 2 )  Electrolyte 

( 3 )  Water; H2o;  [ 77 3 2- 1 8-5 ] 

CRITI CAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA USA 

1 9 8 5 , March 

T/K KCl P1 /MPa Salt Effect Parameter 

2 98 . 1 5 1 . 0  1 . 0  3 . 7 9 0 . 1 0 9  0 . 2 18  

101  Methane + Cesium chloride [ 96 4 7-17-8 ] + Water 

Ben-Naim and Yaacobi ( ref 1 5 )  measured the solubility of methane in 
water and in 1 . 0 mol dm- 3 CsCl solution at f ive degree temperature inter
vals between 2 8 3  and 3 0 3  K .  The salt effect parameters are classed as 
tentative . 

T/K 

2 8 3 . 15 

2 8 8 . 1 5 

2 93 . 1 5 

2 98 . 1 5 

3 0 3 . 1 5  

CsCl 

1 . 0  

1 . 0  

1 . 0  

1 . 0 

1 . 0  

P1 /MPa 

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  
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Aqueous Electrolyte Sol utions 

COHPONENTS : 

( 1 )  Methane : CH4 : [ 7 4 -82-8 ] 

( 2 )  Electrolyte 

( 3 )  water : H2o :  [ 7 7 32-18-5 ) 

CRITI CAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Department of . Chemistry 
Emory University 
Atlanta , GA 3 0 3 22 USA 

1 9 8 5 , March 

1 0 .  Wetlaufer, D .  B . :  Malik , S .  K . : Stoller , L . : Cof fin , R. L .  J .  Am.  
Chern . Boa . 1 9 6 4 , 8 6 ,  5 8 0- 1 4 . 
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COMPONENTS :  
( 1 )  Methane � CH4 � [ 74 -8 2-8 ]  
( 2 )  Hydrochloric Acid � HCl � 

[ 7 64 7-01-0]  
(3 )  Water � H2o �  [ 7 7 3 2-1 8-5 ]  

VARIABLES :  
T/K : 

p/kPa : 
2 7 8 . 15 - 2 9 8 . 15 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : T/K HCl 

ORIGINAL MEASUREMENTS : 
Muccitell i , J .  A . � Wen , W . -Y .  

J .  So lution Chern . 1 98 0 ,  9 ,  
1 4 1  - 1 6 1 . 

P REPARED BY : 
H .  L .  Clever 

a 2;mol dm- 3  
Ostwald 

Coefficient 
l 0 3 L/cm3 cm- 3  

2 7 8 . 15 

2 8 3 . 15 

2 8 8 . 15 

2 9 3 . 15 

2 9 8 . 15 

0 . 0 0 0 0  
0 . 2 8 2 2  
0 . 5 5 0 1  
0 . 8 03 0  
0 . 9 7 0 3  
0 . 0 0 0 0  
0 . 28 2 4  
0 . 5 3 3 0  
0 . 7 9 7 9  
1 .  0 9 14 
0 . 0 0 0 0  
0 . 2 8 6 4  
0 . 5 6 4 5  
0 . 8 1 6 4  
0 . 8 6 4 5  
1 . 12 7  
0 . 0 0 0 0  
0 . 2 3 2 1  
0 . 4 6 8 7  
0 . 7 4 0 1  
1 . 12 7  
0 . 0 0 0 0  
0 . 54 6 8  
0 . 7 3 2 4  
1 .  0 4 2 5  
1 . 2 8 0 3  

51 . 12 ± 0 . 3 5 
4 9 . 01 
4 7 . 1 9 
4 5 . 7 6 
4 5 . 11 
4 5 . 04 ± 0 . 17 
4 3 . 6 7 
4 2 . 4 9 
4 1 . 0 5 
39 . 4 5  
4 0 . 3 9  ± 0 . 18 
3 8 . 8 1 
3 8 . 31 
37 . 94 
37 . 4 5  
3 6 . 04 
3 7 . 4 2  ± 0 . 1 0 
3 5 . 97 
3 5 . 4 6 
3 4 . 2 0 
32 . 91 
3 4 . 2 6 ± 0 . 15 
32 . 3 4 
3 1 . 8 4 
3 0 . 9 9 
3 0 . 35 

AUXILIARY INFORMATION 
METHOD/APPARATUS/PROCEDURE : 

The solubility apparatus and pro
cedure employed were similar to that 
described by Ben-Naim and Baer ( 1 )  
with modifications suggested by Wen 
and Hung ( 2 ) . The apparatus con
sists mainly of a mercury manometer , 
a gas-volume measuring buret , a dis
solution cell of about 4 5 0  cm3 
capacity , and a mercury reservoir . 
The degassing apparatus and pro
cedure used were s imilar to that 
described by Battino et a Z . ( 3 ) . 
From published ionization constants 
the authors estimated that nearly 
1 0 0  per cent of the triethylene
diamine is unprotonated when the 
solution pH is 12 or above , and 
about 9 9 . 7  per cent is in the 
monoprotonated form when the solu
tion pH is 5 . 7  to 5 . 9 .  

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Specified to have a purity of 
9 9 . 9 5 per cent . 

( 2 )  Hydrochloric acid . Source not 
given . Reagent grade . Diluted 
with water and distilled at 
1 atm to prepare constant boiling 
HCl solution . 

( 3 )  Water . Carbon dioxide free . 

ESTIMATED ERROR: 
o T/K = ± 0 . 0 0 5  

oP/mmHg = ± 3 
o L/L = ± 0 . 0 0 5  

REFERENCES : 
1 .  Ben-Naim , A . � Baer , s .  

Trans . Faraday Soa .  1 9 6 4 , 60 , 1 73 6 .  
2 .  Wen , W . -Y . � Hung , J . �  

J .  Phy s . Chern . 1 97 0 ,  ?4 , 1 7 0 .  
3 .  Battino , R . � Banzhaf , M . � 

Bogan , M . � Wilhelm , E .  
Ana Z .  Chern . 1 9 7 1 , 4 3 ,  8 0 6 .  



Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82 -8 ] 

( 2 )  Sulfuric acid ; H2so4 ; 
[ 7 66 4-93- 9 ]  

( 3 )  Water ; H2o ;  [ 7 7 32-18-5]  

VARIABLES : 
T/K = 

P1 /kPa = 
H2so4/wt % = 

EXPERI MENTAL VALUES : 

293 . 15 
Atmospheric 
0 - 9 5 . 6  

Temperature Sul furic 

t/ ° C T/K H2so4/wt % 

--

2 0  2 9 3 . 15 o . o  
3 5 . 8 2  
61 . 6 2 
9 5 . 6 

ORIGINAL MEASUREMENTS : 

Christoff , A.  

Z .  Phys . Chern .  1 9 0 6 ,  5 5 ,  
6 2 2-34 . 

P REPARED BY : 

H .  L .  Clever 

Acid Ostwald 
Coefficient 

m2;mo1 kg- 1 L/cm3 cm- 3 

0 . 0  0 . 03756  
5 . 6 9 0 . 01815 

16 . 37 0 . 01407 
222 . 0 . 03303  

The compiler calculated the acid molality values . 

AU XILIARY IN FORMATION 

METHOD /APPARAlUS/PROCEDURE : 

The apparatus was an Ostwald type 
( ref 1 )  with a lead capillary tube 
through which the gas flows to the 
absorption flask , gas buret , and 
gasometer . 

The acid solution was degas sed by 
boil ing under reflux . The author 
estimates a one percent change in the 
acid concentration due to the 
degass ing procedure . The adsorption 
flask was filled with solvent , the 
gas was introduced , and the system 
shaken until equil ibrium was reached . 

M-o• 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Prepared by heating 
soda lime and anhydrous sodium 
acetate in an iron dish . 

( 2 )  Sul furic acid . Merck . Specific 
gravity 1 . 27 1 ,  1 . 523 , and 1 . 8 39  
for the 35 . 8 2 ,  6 1 . 62 , and 9 5 . 6 
wt % acid , respectively . 

( 3 )  Water.  Disti lled. 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 2 for solvent 
± 0 . 5 for gas 

Barometric fluctuations were 
stated to be negligible . 

REFERENCES : 

1 .  Ostwald , W .  
Le hrbuch der a Z Zgem . Chemie 
(2 Aufl . ) ,  1 , 6 1 5 .  
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88 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ]  

( 2 )  Sulfuric acid ; H2S04 ; 
[ 7 6 6 4-9 3-9 ]  

( 3 )  Water ; H20 ;  [ 7 7 3 2-18-5 ]  

VARIABLES : 
T/K = 2 9 8 . 2  , 3 63 . 2  

H2 so4; wt % = 8 0 . 0  9 7 . 7  

EXPERIMENTAL VALUES : 

Sulfuric Partition 

Rudakov , E .  S . ; Lutsyk , A .  I .  

Z h .  F�z .  Khim . 1 9 7 9 ,  5 3 ,  1 2 9 8 -
1300 . 

* Russ . J. Phy s . Chern . 1 9 7 9 ,  5 3 ,  
7 3 1-3 .  

PREPARED BY : 
H .  L .  Clever 

Ostwald Bunsen Temperature 
Acid Coefficienta Coefficientb Coefficientb 

t / ° C  T/K jwt % k/cm 3cm- 3 L/cm 3cm- 3 a/cm3 ( STP ) cm- 3 atm- 1 
--

2 5 . 0  2 9 8 . 2  0 2 9  ± 2 0 . 03 4  0 . 0 3 1  
8 0 . 0  110 ± 8 0 .  0 0 9 1  0 . 00 8 3  
9 3 . 0  3 2  ± 2 0 . 0 3 1  0 . 02 8  

9 0 . 0  3 6 3 . 2  0 1 4 8  ± 10 0 . 0 0 6 8  0 . 005 1  
9 3 . 0  4 3  ± 3 0 . 02 3  0 . 0 1 7  
9 4 . 9  3 5  ± 3 0 . 02 9  0 . 02 2  
9 7 . 7  2 5  ± 2 0 . 04 0  0 . 0 3 0  

a original data from the paper .  

b The Ostwald and Bunsen coefficient values were calculated by the 
compiler on the basis that the partition coefficient is equivalent 
to the inverse of the Ostwald coefficient and assuming that the 
ideal gas law is obeyed . 

The enthalpy o f  solution of methane in 9 3 . 0  wt % sulfuric acid is 
estimated by the authors to be , �H/kcal mol- 1 =  - ( 1 . 0  ± 0 . 5 ) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A gas chromatographic method was 
used to evaluate the partition 
coefficients . A reactor containing 
methane and aqueous acid solution 
was mechanically shaken for 10 m to 
establish equilibrium. Equal volumes 
of samples of the gas and solution 
phases were introduced by syringe 
into a special cell for stripping 
the methane by the carrier gas . The 
carrier gas entered a gas chromato
graph and the partition coefficient 
was obtained from the ratio o f  
areas o f  the peaks from each phase . 

The actual partial pressure o f  
the methane was not specified . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . 

( 2 )  Sulfuric acid . 

( 3 )  Water .  

Sources and purities were 
not given . 

ESTIMATED ERROR: 

o k!k = i 0 . 10 (authors ) 

REFERENCES : 



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane � CH4 � [ 74 -82 -8 ]  

2 .  Ammonium chloride 1 NH 4 Cl 
[12125-02 -9 ]  

3 .  Water � H20�  [ 7 7 3 2-18 -5 ]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Ben-Naim, A . � Yaacobi , M .  
J. Phys . Chern·. 

1974 , 78 , 175-8 . 

P REPARED BY : 

C .  L .  Young 

T/K Cone. of ammonium chloride 

/mol Q. - 1 

* 
Ostwald coefficient , 

L 

28 3 . 1 5 
2 8 8 . 1 5 
29 3 . 15 
2 9 8 . 1 5 
30 3 . 15 

1 . 0  0 . 03556  
0 . 03273  
0 . 0 3017 
0 . 0 2 7 8 6  
o .  02577  

* 
Smoothed values of Ostwald coe fficient obtained from 

kT ln L = 1 , 721 . 5 - 9 . 3 29 (T/K ) + 0 . 01195 ( T/K) 2 cal mol- 1 

where k is in units of cal mol- 1 K- 1 • 

AUXIL IARY IN FORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus was similar to that 

described by Ben-Naim and Baer ( 1 )  

and Wen and Hung ( 2 ) . It consists 

of three main parts , a dissolution 

cell of 300  to 6 0 0  cm 3 capacity , a 

gas volume measuring column ,  and a 

manometer . The solvent i s  degassed 

in the dis solution cell , the gas is 

introduced and dis solved while the 

liquid is kept stirred by a magnetic 

stirrer immersed in the water bath . 

Dissolution of the gas results in 

the change in the height of a column 

of mercury which is measured by a 

cathetometer . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 97 

mole per cent . 

2 .  AR grade . 

3 .  Deioni sed , doubly distilled . 

ESTIMATED ERRO R :  

oT/K = ±0 . 01 �  oL/L = ± 0 . 005  

(estimated by compiler ) • 

REFERENCeS : 

1 .  Ben-Naim, A . � Baer , s .  
Trans . Faraday So c .  19 6 3 ,  59 , 
2 7 35 . 

2 .  Wen ,  W . -Y . ; Hung , J .  H .  
J . Phys . Chern . 19 7 0 ,  7 4 , 170 . 
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90 Aqueous E lectrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  Wen , W . -Y . ; Hung , J .  H .  

( 2 )  Water ; H20 ;  [ 773 2-18-5]  J .  Phy s .  Chern . 19 70 , ?4 , 170 - 180 . 
( 3 )  Ammonium bromide ; NH4Br ; 

[12124-97-9 ] 

VARIABLES :  PREPARED BY : T/K : 278 . 15 - 3 0 8 . 15 
P/kPa : 101 . 3 2 5  ( 1  atm) H .  L .  Clever 

m3/mol -1 0 - 0 . 2 0 2  kg : 

EXPERIMENTAL VALUES : 
T/K Ammonium bromide Methane Setchenow 

Molality Solubility constant 1 

m3/mol kg -1 s1/cm3 ( STP ) kg -1 k/kg mol-l 

278 . 15 0 4 9 . 4 8 ± 0 . 0 8 0 . 06 8  
0 . 19 6  4 7 . 93 

2 8 8 . 15 0 3 8 . 4 9 ± 0 . 11 0 . 0 6 1  
0 . 2 02 37 . 4 3 

2 9 8 . 15 0 31 . 3 5 ± 0 . 10 0 . 05 4  
0 . 2 00  3 0 . 5 6 

3 08 . 15 0 2 6 . 51 ± 0 . 08 0 . 04 7  
0 . 18 1  2 6 . 03 

1 Setchenow constant , k/kg mol-l = ( l/ (m3;mol kg-1 ) )  
log ( Sl/Sl ) 

The authors specify the value of the constant for 
m3/mol kg-l = 0 . 1 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 ) . 
Teflon needle valves were used in 
place of stopcocks .  

The apparatus consists of three main 
parts , a dissolution cell of 3 0 0  to 
6 0 0  cm3 capacity , a gas volume 
measuring column , and a manometer . 

The solvent is degassed in the 
dissolution cell , the gas is intro
duced and dissolved while the liquid 
is kept stirred by a magnetic stirrer 
immersed in the water bath . 
Dissolution of  the gas results in the 
change in the height of a column of 
mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . Stated 

to be better than 9 9 . 9  per cent 
pure . 

( 2 )  Water .  Distilled from an all 
Pyrex apparatus . Specific 
conductivity 1 . 5  x lo-6 
(ohm cm) -1 . 

( 3 )  Ammonium bromide . Baker Che�ical 
Co . Analyzed reagent grade . 
Used as received . 

ESTIMATED ERROR: 

o T/K = ± 0 . 005  
o s1;s1 = ± 0 . 00 3  

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , S .  

Trans .  Baraday Soa .  1963 , 5 9 ,  
27 3 5 .  



Aqueous Electrolyte Solutions 

COMPONENTS : 
( 1 )  Methane ; cH4 ; [ 74-82-8 ]  

( 2 )  Water ; H20;  [ 7 732-18-5]  

( 3 )  N , N ,N-Trimethylmethanaminium 
bromide or tetramethylammonium 
bromide ; c4H12NBr ; [ 6 4-20-0]  

VARIABLES :  
T/K : 

P/kPa : 
-1 m3/mol kg : 

27 8 . 1 5 - 3 08 . 15 
101 . 325 (1  atm) 

0 - 0 . 3 0 2  

ORIGINAL MEASUREMENTS : 
Wen , W . -Y . ; Hung , J .  H .  

J. Phys . Chern . 19 7 0 ,  7 4 , 170  - 180 . 

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 
--�T�/�K�----��--------���------��-------Salt Methane Setchenow 

Constant 1 Molality Solubility 

m3/mol kg-l S1/cm3 ( STP ) kg -1 k/kg mol -1 
----------

2 7 8 . 15 0 4 9 . 4 8 ± 0 . 08 +0 . 007  
0 . 17 9  4 9 . 4 8 
0 . 17 6  4 9 . 2 7 

2 8 8 . 1 5 0 38 . 4 9  ± 0 . 11 -0 . 005 
0 . 19 0  3 8 . 57 
0 . 19 4  3 8 . 7 0 

2 9 8 . 15 0 31 . 3 5 ± 0 . 10 -0 . 017 
0 . 17 9  31 . 6 4 
0 . 193 31 . 4 7 

3 0 8 . 15 0 26 . 5 1 ± 0 . 0 8 - 0 . 028 
0 . 302  27 . 1 0 

1 Setchenow constant , k/kg mol- 1 = ( l/ (m3/mol kg-1 ) )  

log csr;s l) 

The authors specify the value of the constant for 
-1 m3/mol kg = 0 . 1 . 

AUXI LIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  • 
Tef lon needle valves were used in 
place of stopcocks . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . Stated 

to be better than 9 9 . 9  per cent 
pure . 

( 2 )  Water . Disti lled from an all 
Pyrex apparatus . Specific 
conductivity 1 . 5  x lo-6 
( ohm cm) -1 . 

( 3 )  Tetramethylammonium bromide . 
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The apparatus consists of three main 
parts , a dis solution cell of 3 0 0  to 
6 0 0  cm3 capacity , a gas volume 
measuring column , and a manometer . 

The solvent is degassed in the 
dissolution cell , the gas is intro
duced and dissolved while the liquid 
is kept stirred by a magnetic stirrer 
immersed in the water bath . 
Dis solution of the gas results in the 
change in the height of a column of 
mercury which i s  measured by a 
cathetometer . 

Eastman Kodak co . Recrystallized 
and analyzed . Better than 9 9 . 9  
per cent pure . 

ESTIMATED ERROR: 

REFERENCES : 

o T/K = ± 0 . 005 
o s 1;s1 = ± 0 . 003 

1 .  Ben-Naim , A . ; Baer , S .  
Trans .  Faraday Soc . 1963 , 5 9 ,  
2735 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 
{ 1 )  Methane ; CH4 ; [ 7 4 -82-8 ] Wen , W . -Y . ;  Hung , J .  H .  

{ 2 )  Water ;  H20 ;  [ 77 32-18-5]  J .  Phy s . Chern.  197 0 ,  74 , 170  - 18 0 .  
( 3 )  N , N , N-Triethylethanaminium 

bromide or tetraethylammonium 
bromide ; c8s2 0NBr ; [71-91-0]  

VARIABLES :  T/K : 278 . 15 - 3 08 . 15 
101 . 3 2 5  ( 1  atm) 

PREPARED BY : 
P/kPa : 

-1 m3;mol kg : 0 - 0 . 2 09  
H.  L.  Clever 

EXPERIMENTAL=-V�AL�U
�E�S ·�· ----���--------����------�����---T/K salt Methane Setchenow 

Molality Solubility Constant1 

m3/mol kg -1 S1/cm3 ( STP ) kg -1 k/kg mol -1 

278 . 15 0 4 9 . 4 8  ± 0 . 08 -0 . 0 3 6  
0 . 093  4 9 . 8 9 
0 . 095  4 9 . 97 

288 . 15 0 3 8 . 4 9  ± 0 . 11 -0 . 0 4 9  
0 . 17 3  3 9 . 3 0 

2 98 . 15 0 31 . 3 5 ± 0 . 10 -0 . 049  
0 . 18 2  3 2 . 3 6 
0 . 183  3 2 . 34 

3 0 8 . 15 0 2 6 . 51 ± 0 . 0 8 - 0 . 0 9 4  
0 . 209  27 . 6 8  

1 setchenow constant , k/kg mol-l = ( l/ (m3/mol kg-1 ) )  
log ( Si/S l) 

The authors specify the value of the constant for 
-1 m3;mol kg = 0 . 1 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus was similar to that 
described by Ben-Naim and Baer { 1 ) . 
Teflon needle valves were used in 
place of stopcocks . 

The apparatus consists of three main 
parts , a dissolution cell of 3 0 0  to 
6 0 0  cm3 capacity , a gas volume 
measuring column , and a manometer . 

The solvent is degassed in the 
dissolution cell , the gas is intro
duced and dissolved while the liquid 
is kept stirred by a magnetic stirrer 
immersed in the water bath . 
Dissolution of the gas results in the 
change in the height of a column of 
mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . Stated 

to be better than 99 . 9  per cent 
pure . 

( 2 )  Water . Distilled from an all 
Pyrex apparatus . Spec�fic 
conductivity 1 . 5  x 10-
(ohm cm) -1 . 

( 3 )  Tetraethylammonium bromide . 
Eastman Kodak Co . Recrystallized 
and analyzed . Better than 99 . 9  
per cent pure . 

ESTIMATED ERROR: 

REFERENCES : 

o T/K = ± 0 . 005  
o s1;s1 = ± 0 . 003  

1 .  Ben-Naim , A . ; Baer , s .  
Trans . Faraday Boa .  1 9 6 3 , 5 9 , 
2 7 3 5 . 



Aqueous E lectrolyte Solutions 

COHPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  N .  N. N-Triethylethaninium 
bromide or tetraethylammonium 
bromide ; c8H2 0NBr ; [ 7 1-91-0 ] 

( 3 )  Water ; H2o ; L 7 7 3 2-18-5 ] 

EXPERIMENTAL VALUES : 

Temperature 

2 5 . 0  

38 . 0  

51 . 5  

5 5 . 0  

6 0 . 0  

6 5 . 0  

71 . 0  

75 . 0  

8 0 . 0  

8 5 . 0  

8 9 . 5  

9 5 . 0 

100 . 0  

102 . 5  

115 . 0  

2 9 8 . 2  

311 . 2  

324 . 7  

3 2 8 . 2  

333 . 2  

3 3 8 . 2  

3 4 4 . 2  

3 4 8 . 2  

353 . 2  

358 . 2  

362 . 7  

3 6 8 . 2  

3 7 3 . 3  

3 75 . 7  

3 8 8 . 2  

c8H2 0NBr 

rn2/ 
mol kg- 1  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

l . O  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

ORIGINAL MEASUREMENTS : 

Blanco C ,  L .  H � ;  Smith , N .  0 .  

J .  Phye . Che rn .  1 9 7 8 .  8 2 .  186-9 1 .  

Total 
Pressure 

p/MPa 

10 . 1  
2 0 . 3  
30 . 4  
4 0 . 5  

10 . 1  
20 . 3  
30 . 4  
4 0 . 5  
5 0 . 7  
6 0 . 8  

10 . 1  
20 . 3  
3 0 . 4  
4 0 . 5  
5 0 . 7  
6 0 . 8  

2 0 . 3  

2 0 . 3  

2 0 . 3  

10 . 1  
2 0 . 3  
30 . 4  
4 0 . 5  
5 0 . 7  
6 0 . 8  

20 . 3  

20 . 3  

20 . 3  

2 0 . 3  

2 0 . 3  

2 0 . 3  

2 0 . 3  

2 0 . 3  

Mol Fraction 

2 . 025 
3 . 117 
3 . 7 40  
3 . 914 

1.  747 
2 . 7 59 
3 . 4 3 6  
3 . 9 9 4  
4 . 4 51 
4 . 4 9 6  

1 . 591  
2 . 6 02 
3 . 26 4  
3 . 817  
4 . 2 74  
4 . 4 4 8  

2 . 5 80  

2 . 550  

2 . 527  

1 . 54 1  
2 . 517 
3 . 3 04 
3 . 8 8 0  
4 . 350  
4 . 6 18 

2 . 4 3 3  

2 . 5 49  

2 . 5 79  

2 . 5 95 

2 . 6 25 

2 . 659  

2 . 6 36  

2 . 67 6  

Salt Effect 
Parameter 
ksmm/kg mol- 1 

-0 . 0 5 6  
-0 . 055  
-0 . 04 4  

-0 . 04 6  
-0 . 0 6 7  
-0 . 05 6  
-0 . 04 7  
-0 . 054  

-0 . 05 6  
-0 . 07 7  
-0 . 07 3  
-0 . 07 0  
-0 . 07 7  

-0 . 0 8 5  
-0 . 10 5  
-0 . 10 5  
-0 . 10 2  
-0 . 10 4  

The total pressures given i n  the paper were 1 0 0 , 2 0 0 , 300 , 4 0 0 , 500  
and 6 0 0  atm. They are given above as 10 . 1 ,  20 . 3 ,  3 0 . 4 ,  4 0 . 5 ,  50 . 7 ,  
and 6 0 . 8  MPa . 
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The salt effect parameters were calculated from smoothed data . The 
solubility in water was smoothed data from an earlier paper , O ' Sullivan , 
T .  D . ;  Smith , N .  0 .  J .  Phys . Chern.  1 9 7 0 .  7 4 .  1 4 6 0 . For the salt 
effect parameter calculation the methane-solubility was converted to 
molality thus the salt effect parameter is ksmm/kq mol- 1 • 



94 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; cH4 ; L 7 4-82-8 )  

( 2 )  N, N, N-Triethylethaninium bromide 
or tetraethylammonium bromide ; 
c8H2 0NBr ; [ 7 1-91-0 ) 

( 3 )  Water ; H2o ;  [ 7 73 2-18-5 ) 

VARIABLES : 
T/K = 

p/MPa = 
rn2!mol kg- 1  = 

2 9 8 . 2  - 3 8 8 . 2  
10 . 1  - 6 0 . 8  
1 . 0  

ADDITIONAL INFORMATION : 

ORIGINAL MEASUREMENTS : 

Blanco c ,  L .  H . ;  Smith , N .  0 .  

J .  Phy s .  Chern.  1 9 7 8 ,  82 , 1 8 6-91 . 

PREPARED BY : 
c .  L .  Young 
H .  L .  Clever 

The authors fitted the mole fraction solubility by the method of least 
squares to the equation 

�1 = a (p/atm) + b (p/atm) 2 + c (p/atm) 3 
The constants are : 

T/K 1 0 5 a  10 8b 10  1 1 c 

2 9 8 . 2  2 . 6 4 6 2  -6 . 9 8 5 0  7 . 7 3 3 3  
311 . 2  2 . 0 8 7 5  -4 . 1 8 9 2  3 . 6 0 0 7  
324 . 7  1 . 8 9 7 2  -3 . 5513  2 . 9 4 0 4  
3 4 4 . 2  1 . 7 6 3 1  -2 . 8 4 3 3  2 . 1 2 0 6  

At each temperature the solubility value a t  the largest pressure was not 
included in the curve fitting . 

The solubility values o f  methane in one molal (C2 H5 ) 4NBr at 2 0 0  atm 
( 20 . 3  MPa )  total pressure were fitted by the method o f  least squares to 

two equations as a function of temperature . The equations are : 

ln lf1!�1 J = 154 . 8 9 7 8  - 7 4 4 5 . 4 0 8/ (T/K) - 2 0 . 90 9  ln (T/K) and 

ln (�1 at 2 0 0  atm) = -135 . 22 9 1  + 6 5 0 . 371/ (T/K) + 18 . 8 9 2  ln (T/K) 

From the equations they calculated the thermodynamic changes for the 
transfer of one mole of gas at unit fugacity to the hypothetical dissolved 
state (�1 = 1 )  at 2 9 8 . 15 K and 2 0 0  atm ( 20 . 3  MPa)  are 6H 0 /kcal mol- 1 = -2 . 4 1  
AS 0/cal K- 1  mol- 1 = -2 9 . 5 6 AC�/cal K- 1 mol- 1 = 4 ! . 6 ;  temperature of 
minimum solubility is 71 c (34 4 . 2  K) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

The apparatus employed and the 
procedures used were described in 
earlier work ( 1 ,  2 ) . 

Solubilities were determined in a 
stirred,  thermostated one gallon 
stainless steel autoclave , samples 
of the liquid phase were withdrawn 
into a thermostated buret system for 
analysis when equilibrium was reachec • 

( 1 )  Methane . Matheson Co . ,  Inc . 
Gold label sample , purity 99 . 97 
mole percent . 

( 2 )  Tetraethylammonium bromide . 
Eastman Kodak Co . Recrystallized. 

( 3 )  Water . Distilled and boiled . 

Pressure was measured with a Bour- �������-------------------------------� 
don gauge . Tempertaure was measured ESTIMATED ERROR: 
with an iron-constantan thermocouple . oT/K = ± 0 . 5  
Salt concentration was determined by op/MPa = ± 0 . 05 % 
gravimetric analysis . 8�1/�1 ± 0 . 00 4  

REFERENCES : 
1 .  O ' Sullivan , T .  D . ;  Smith , N .  0 .  

J .  Phy s .  Chern. 1 9 7 0 ,  7 4 ,  1 4 6 0 . 

2 .  Gardiner , G .  E . ; Smith , N .  0 .  
J .  Phy s .  Chern . 1972,  7 8 ,  119 5 . 
J .  Phy s .  Chern. 1973,  7 7, 2 92 8 .  



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 - 8 ]  

( 2 )  water ; H20 ;  [ 77 32-18-5]  
( 3 )  N , N , N-Tripropylpropanaminium 

bromide or tetrapropylammonium 
bromide ; c12H2 8NBr ; [ 19 4 1-30-6 ]  

Wen , W . -Y . ; Hung , J .  H .  

J .  Phy s .  Chem . '19 7 0 , 74 , 170  - 18 0 .  

VARIABLES : T/K : 278 . 15 - 3 0 8 . 15 
101 . 3 25  ( 1  atm) 

PREPARED BY : 
P/kPa : 

-1 m3;mol kg : 0 - 0 . 7 0 6  
H .  L .  Clever 

EXPERIMENTAL��VAL
�

U
�
E
�
S
�
: ___ ��----------��----------���--�---T/K Salt Methane Setchenow 

Molality Solubility Constant1 
m3/mol kg -1 S1/cm3 ( STP ) kg -1 k/kg mol -1 

278 . 15 0 4 9 . 4 8  ± 0 . 0 8  -0 . 04 5  
0 . 0 99  50 . 06 
0 . 103 50 . 03 
0 . 2 24  50 . 3 1 
0 . 2 23  50 . 4 6 
0 . 43 1  4 9 . 60 
0 . 5 87 4 8 . 7 4  

288 . 1 5 0 3 8 . 4 9  ± 0 . 11 -0 . 061  
0 . 0 9 8  39 . 0 0 
0 . 2 2 3  3 9 . 67 
0 . 2 2 7  3 9 . 4 8 
0 . 4 15 3 9 . 6 0 
0 . 62 0  3 9 . 9 7 

2 9 8 . 15 0 31 . 3 5 ± 0 . 10 -0 . 08 2  
0 . 097  31 . 87 
0 . 10 2  31 . 9 9 
0 . 2 3 0  3 2 . 4 3  
0 . 2 35  3 2 . 5 8  
0 . 4 1 0  3 3 . 1 4 
0 . 6 3 2  3 3 . 6 3 

3 0 8 . 15 0 2 6 . 51 ± 0 . 08 - o  . 110 
0 . 105 27 . 21 
0 . 2 4 5  27 . 8 7 
0 . 4 4 3  28 . 7 3  
0 . 7 0 6  3 0 . 17 

AUXILIARY INFORMATION 
METHOD/APPARATUS/PROCEDURE : 
The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 ) . 
Teflon needle valves were used in 
place of stopcocks . 
The apparatus consists of three main 
parts , a dissolution cell of 3 0 0  to 
6 0 0  cm3 capacity , a gas volume 
measuring column , and a manometer . 

SOURCE AND PURITY OF MATERIALS : 
( 1 ) Methane . Matheson co . Stated 

to be better than 99 . 9  per cent 
pure . 

( 2 )  Water . Distilled from an all 
Pyrex apparatus . Specific 
conductivity 1 . 5  x lo-6 
(ohm cm) -1 . 

( 3 )  Tetrapropylammonium bromide . 
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The solvent is degassed in the 
dissolution cell , the gas is intro
duced and dissolved while the liquid 
is kept stirred by a magnetic stirrer 
immersed in the water bath . 
Dissolution of the gas results in the 
change in the height of a column o f  
mercury which is  measured by a 
cathetometer . 

Eastman Kodak Co . Recrystallized 
and analyzed . Better than 99 . 9  
per cent pure . 

ESTIMATED ERROR: 
o T/K = ± 0 . 005  

o s1;s1 = ± 0 . 00 3  

1----------------------1 REFERENCES : 
1 Setchenow constant , k/kg mol-l = 

( l/ (m3/mol kg-1 ) )  log ( Si/S1) 

The authors specify the value of the 
constant for m3/mol kg-l 

= 0 . 1 .  

1 .  Ben-Naim , A . ; Baer , S .  
Trans .  :E'araday Soa .  1 9 6 3 , 5 9 , 
273 5 . 



96 Aqueous E lectrolyte Solutions 

COHPONENTS : 
{ 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  
{ 2 )  Water ; H20 ;  [ 7 732-18-5 ]  
{ 3 )  N , N , N-Tributylbutanaminium 

bromide or tetrabutylammonium 
bromide ; c16H3 6NBr ; [ 16 4 3-19-2]  

EXPERIMENTAL VALUES : 
T/K 

ORIGINAL MEASUREMENTS : 
Wen , W . -Y . ; Hung , J .  H .  

J .  Phy s .  Chem . 1970 , ?4 , 170 - 17 0 .  

Methane 
Solubility 

Setchenow 
Constant1 

Salt 
Molality 

-1 m3/mol kg s1/cm3 { STP ) kg-l k/kg mol-l 

27 8 . 15 

2 8 8 . 15 

2 9 8 . 15 

3 0 8 . 15 

0 
0 . 0 96  
0 . 09 8  
0 . 100  
0 . 18 7  
0 . 2 01 
0 . 4 0 9  
0 . 5 2 6  
0 . 7 8 5  
0 . 9 9 0  
0 
0 . 0 9 6  
0 . 102 
0 . 103  
0 . 18 5  
0 . 4 0 3  
0 . 52 3  
0 . 7 0 3  
1 . 018  
0 
0 . 0 9 6  
0 . 099  
0 . 194  
0 . 415  
0 . 5 2 6  
0 . 704  
l .  022  
0 
0 . 0 99  
0 . 1 92 
0 . 4 15 
0 . 5 37  
0 . 6 9 3  
0 . 9 93 

4 9 . 4 8 ± 0 . 0 8 
4 9 . 8 2 
4 9 . 8 5 
4 9 . 8 0 
4 9 . 8 8 
4 9 . 8 6 
4 9 . 27 
4 8 . 9 1 
4 6 . 67 
4 6 . 10 
3 8 . 4 9 ± 0 . 11 
38 . 8 6  
3 8 . 9 5 
38 . 96 
3 9 . 1 0 
39 . 4 4 
39 . 4 0 
39 . 6 9 
4 0 . 10 
31 . 3 5 ± 0 . 1 0 
3 2 . 03 
3 2 . 0 0 
32 . 3 2 
33 . 3 0  
33 . 7 9 
3 4 . 5 3 
36 . 7 2 
2 6 . 51 ± 0 . 08 
27 . 4 3  
28 . 2 0 
2 9 . 4 5  
3 0 . 18 
31 . 3 8 
33 . 60 

-0 . 030  

-0 . 053  

- 0 . 096  

-0 . 152 

1 Setchenow constant , k/kg mol-l 

log ( Sl_IS1 ) 

-1 
= ( l/ (m3/mol kg ) )  

The authors specify the value of the constant for 
-1 m3/mol kg = 0 . 1 .  
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COMPONENTS : ORIGINAL MEASUREMEN TS : 

1 .  Methan e ;  CH 4 ; [ 7 4 - 8 2 - 8 ] 
2 .  1-Methy l - 2 - pyrr o l id inone ; 

C 5H 9NO ; [ 8 7 2 - 5 0 - 4 ] 
3 .  Wate r ;  H 20 ; [ 7 7 3 2 - 18 - 5 ] 

Wu, Z . ; Z e ck, S . ; Knapp, H .  
Ber.  Bunse nge s� Phys .  Chern . ,  
1 9 8 5 ,  89 1 10 0 9 -101 3 . 

VARI ABLES : PREPARED BY : 

Compos i t i o n  of s o l vent c .  L. Young . 

EXPE RIME NTAL VALUES : 

a 
T/K Mo l e  f raction Henry s Ostwa ld Mol e  f ra c t i on 

of wa ter constant coef f i ci ent of gas 
/MPa X 1 0 4 

2 9 8 . 15 1 .  0 0 0  3 9 . 0 6 0 . 0 3 4 9  0 . 2 5 9 4  
0 . 9 5 0  3 0 . 8 0 0 . 0 3 6 7 0 . 3 2 9 0  
0 . 8 8 3  2 2 . 7 8  0 . 0 4 0 6  0 . 4 4 4 8  
0 . 8 0 6  1 5 . 8 0 0 . 0 4 8 3  0 . 6 41 3  
0 . 6 4 5  7 . 1 9 2  0 . 0 7 6 8  1 .  4 0 9  
0 . 4 9 4  3 . 8 6 2  0 . 113 2 . 6 2 4  
0 . 3 61 2 . 4 01 0 . 15 3 4 . 2 2 0  
0 . 19 3 1 .  5 81 0 . 1 9 3  6 . 4 0 9  
0 . 0 7 5  1 .  2 3 6  0 . 2 2 1  8 . 19 8  
0 . 0 0 0  1 .  0 5 9  0 . 2 4 2  9 . 5 6 8  

a 
Cal cu l ated by compi l e r  f o r  a part i a l  pre ssure of 1 atmo sphere 

AUX I  L l  ARY I N FO RHAT ION 

METHOD N'PARATUS / PROCEDURE : SOURCI:. AND I' URI TY OF NAH. R ! ALS : 

Preci s i on volumetric appa ratus 
described i n  detai l in r e f . ( 1 ) . 
Pres sure measured with me rcury 
manome te r .  Compos i tion of so lvent 
e s t imated from density and 
refractive index as compo s i t ion 
changed on dega s s i ng . 

1 .  Pur i ty better than 9 9  vo lume 
per cent . 

2 .  Merck samp l e ,  dried wi th 
mo l e cu l ar s ieve 4 X. Final 
water content l e s s  than 0 . 01 
mass per cent, purity 9 9 . 9  mo l e  
pe r cent by GC . 

3 .  Twice d i s t i l l ed . 

ESTIMATED ERRO R :  

aT/K = ± 0 . 01 ;  a P /Pa = ± 5 0 ;  
d X ( S o l ve nt ) =± 0 . 0 0 3 ;  dX = 0 . 00 5  

REFE RENCES : 

1 .  Z eck, S . ; D i s s e rtion, 
TU Berl in, 19 8 5 . 



98 Aqueous E lectrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

( 2 )  N, N, N-Tributyl-1-butanaminium 
bromide or tetrabutyl ammonium 
bromide ; c16H3 6NBr ;  [ 16 4 3-19-2 ] 

( 3 )  Water ; H20 ;  [ 7 732-18- 5 ]  

VARIABLES :  T/K = 
p 1/kPa = 

m2/mol kg- 1 = 

EXPERIMENTAL VALUES : 

2 9 8 . 15 ,  3 0 8 . 15 
101 . 32 5  

0 - 4 . 010  

ORIGINAL MEASUREMENTS : 

Feillolay , A . ; Lucas , M .  

J.  Phy s .  Chern.  1972 , 76 ,  3 0 6 8 -72 . 

PREPARED BY : 
H .  L .  Clever 

Temperature Tetrabutyl Methane Salt E ffect 
Ammonium Solubility Parameter 

/cm 3 ( STP) kg- 1 ksmm/kg mol- 1 Bromide 
m2/mol kg- 1 

2 5  2 9 8 . 15 0 2 9 . 8 7 ,  2 9 . 99 , 
30 . 05 ,  Av. 2 9 . 9 7 -

1 . 010  35 . 40 -0 . 0716  
1 .  0 2 0  36 . 00 -0 . 0 7 8 1  
1 . 9 8 1  4 4 . 31 -0 . 0 8 5 7  
1 .  9 9 1  4 4 . 5 9 -0 . 0 8 6 7  
3 . 6 2 3  7 8 . 01 -0 . 1147  
3 . 9 25  81 . 6 8 -0 . 1109  

35 3 0 8 . 15 0 2 5 . 32 ,  25 . 38 
Av. 2 5 . 35 -

1 . 0 2 5  32 . 3 0 -0 . 1027  
1 .  005  3 2 . 0 5 -0 . 1013  
2 . 02 5  4 3 . 52 -0 . 1159 
2 . 0 78  4 3 . 6 0 -0 . 1133  
3 . 610  73 . 4 9 -0 . 1 2 8 0  
3 . 6 4 0  74 . 55 -0 . 12 8 7  
4 . 010  82 . 4 0  - o  . 12 7 7  

The salt effect parameters were calculated by the compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus is  modeled after the 
apparatus used by Hung ( ref  1 ) . The 
procedure was the same as that used 
by Hung except that the time allowed 
for equilibration is longer . In the 
present work gas equilibration 
required about 16 h .  

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . l ' Air Liquide . Stated 

to be of 9 9 . 9 9 percent purity . 

( 2 )  Tetrabutyl ammonium bromide . 
Southwestern Analytical Chem
ical . Polarographic grade , used 
as received. 

ESTIMATED ERROR: 

Methane solubility ± 0 . 5  
percent . 

REFERENCES : 

1 .  Hung, J .  H .  1 9 6 8 , Ph . D .  
thesis , Clark Un1versity , 
Worcester , MA 



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
{ 1 }  Methane ; CH4 ; [ 7  4-82-8]  

{2 }  Water ; H20;  [ 7 732-18-5]  

{ 3 }  2-Hydroxy-N , N , N-tris { 2-
hydroxyethyl} -ethanaminium 
bromide or tetraethanolammonium 
bromide ; c8H2 0No4Br ; [ 4 3 28-04-5 ]  

Wen , W . -Y . ; Hung , J.  H .  

J .  Phy s .  Chern . i97 0 ,  7 4 , 1 7 0  - 180 . 

VARIABLES : T/K : 278 . 15 - 3 08 . 15 
10 1 . 325 { 1  atm} 

PREPARED BY : 
P/kPa : 

-1 m3/mol kg : 0 - 0 . 517 

H. L. Clever 

EXPERIMENTAL��VAL�U�E�S�=------=-�----------��----------�����---T/K Salt Methane Setchenow 
Molality Solubility Constant 

m3/mol kg -1 s1/cm3 {STP } kg -1 k/kg mol -1 

2 7 8 . 15 0 4 9 . 4 8 ± 0 . 0 8 0 . 04 2  
0 . 0 8 6  4 9 . 10 
0 . 15 2  4 8 . 7 0 
0 . 15 5  4 8 . 8 6 
0 . 17 3  4 8 . 4 7 
0 . 34 1  4 7 . 8 7 
0 . 4 8 8  4 6 . 9 2 

2 8 8 . 15 0 3 8 . 4 9  ± 0 . 11 0 . 0 33 
0 . 091  3 8 . 2 2 
0 . 17 4  3 8 . 0 3 
0 . 17 7  3 7 . 9 6 
0 . 355 3 7 . 3 4 
0 . 517 3 6 . 87 

2 9 8 . 15 0 31 . 3 5 ± 0 . 1 0 0 . 0 22 
0 . 085 31 . 2 0  
0 . 16 7  31 . 02 
0 . 17 3  31 . 04  
0 . 34 7  3 0 . 81 
0 . 510 3 0 . 4 2 

3 0 8 . 15 0 2 6 . 51 ± 0 . 0 8 -0 . 001  
0 . 08 5  2 6 . 5 0 
0 . 17 3  2 6 . 5 9  
0 . 3 3 9  2 6 . 53 
0 . 5 0 8  2 6 . 5 1 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
The apparatus was s imilar to that 
described by Ben-Naim and Baer { 1 } . 
Teflon needle valves were used in 
place of stopcocks . 

The apparatus consists of three main 
parts , a dissolution cell of 300  to 
6 0 0  cm3 capacity , a gas volume 
measuring column , and a manometer . 

The solvent is degassed in the 
dissolution cell , the gas is intro
duced and dissolved while the liquid 
is kept stirred by a magnetic stirrer 
immersed in the water bath. 
Dissolution of the gas results in the 
change in the height of a column of 
mercury which is measured by a 
cathetometer . 

1 Setchenow constant , k/kg mol -l = 
-1 {l/ {m3/mol kg } }  log { Si/S 1} 

The authors specify the value of the 
-1 constant for m3/mol kg = 0 . 1 .  

SOURCE AND PURITY OF MATERIALS : 
{ 1 }  Hethane . Matheson Co . Stated 

to be better than 9 9 . 9  per cent 
pure . 

{ 2 }  Water . bistilled from an all 
Pyrex apparatus .  Specific 
conductivity 1 . 5  x 10-6 
{ ohm cm) -1 . 

{ 3 }  Tetraethanolammonium bromide . 
Prepared and analyzed . Better 
than 9 9 . 9  per cent pure . m . p . , 
t; oc 102 . 

ESTIMATED ERROR: 

o T/K = ± 0 . 005  
o s1;s1 = ± 0 . 00 3  

REFERENCES : 
1 .  Ben-Naim , A . ; Bae r ,  s .  

Trans .  Faraday Boa .  1 9 6 3 , 5 9 ,  
27 3 5 . 

--

99 



1 00 Aqueous Electrolyte Solutions  

COMPONENTS : 

( 1) Methane ; cH4 ; L 74-8 2-8 ] 

( 2 )  N, N, N-Trimethyl-1-hexadecana
minium bromide or cetyltrimethyl 
ammonium bromide ; c19H4 2NBr ; 
[ 5 7-09 -0 ] 

( 3 }  Water ; H2o ; [ 7 732-18-5]  

VARIABLES :  

299 . 0  
120 - 6 9 0  (Est . , see 
ref 1) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Prapaitrakul,  W . ; King , A .  D .  Jr . 

J. Co Z Z .  In te�faae Sai .  1985, 1 0 6  
186-9 3 . 

PREPARED BY : 
H .  L .  Clever 

Temperature Cetyltrimethyl 
ammonium bromide 
m2;mol kg- 1  

Henry ' s  Constanta 

26  299 . 0  o . o 
0 . 10 
0 . 20 
0 . 30  

l . 5 5b 
l .  79 
2 . 0 8  
2 . 4 1  

a The authors reported these results a s  10 3 m1/mol kg- 1  
at 1 atm . 

Henry ' s  constnat is defined as 

H/mol kg- 1  atm- 1 = (m1/mol kg- 1 ) / (p 1 /atm) . 

b The solubility value in water is from ( ref 2 ) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus and procedure are des 
cribed in detail in earlier papers 
( ref  1, 2) • The solvent , contained in 
a glass-lined brass equilibrium cell 
resting on a magnetic stirrer , is de
gassed by evacuation and stirring . 
The gas is introduced at pressures 
above atmospheric and the solution 
stirred until equilibrium is reached . 
The pressure is reduced to atmospheri 
over the still liuqid . The liquid is 
stirred and the gas evolved from the 
super-saturated solution is collected 
at atmospheric pressure and ambient 
temperature in a Warburg manometer , 
and its volume is measured . 

Corrections are made for the gas 
lost during the venting procedure , 
for the differences in temperature 
and pressure , and for the water vapor 
pressure in the calculation of Henry ' 
constant . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson Co . ,  Inc . 
Stated to be 9 9 . 0  mol % or 
better . 

( 2 )  Cetyltrimethylammonium bromide . 
Aldrich Chemical Co . Lot No . 
58 14AJ . Recrystallized once from 
2-propanol and dried in vaauo . 

( 3 )  Water . Double distilled . 

ESTIMATED ERROR: 
o T/K = ± 0 . 1 
oml /mol kg- 1  = 

REFERENCES : 

± 0 . 0 0 0 0 2  
( authors) 

1 .  Matheson, I .  B .  C . ;  King , A .  D .  Jr 
J.  Co Z Z .  In te�faae Sai .  19 78,  
66 ,  4 6 4 . 

2 .  Hoskins , J .  C . ;  King , A .  D .  Jr . 
J. Co Z Z .  Inte�faae Sai .  19 8 1, 
82 , 264 . 



Aqueous Electrolyte Solutions 1 0 1  

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Hethane ; CH4 ; [ 7 4-82- 8 ]  

( 2 )  N, N, N-Trimethyl-1-decanaminium 
bromide or decyltrimethylammon
ium bromide ; C13H3oNBr ; [ 2 0 8 2-
84-0 ] 

Prapaitrakul , W . ; King , A .  D .  Jr . 

J .  Co Z Z .  In terfaae Sai . 1985 , Z 0 6 ,  
186-9 3 . 

( 3 )  Water ; H20 ; [ 7 73 2-18- 5 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

299 . 0  
120 - 6 9 0  (es t . , see 
ref 1) 

P REPARED BY : 
H .  L .  Clever 

Temperature Decyltrimethyl Henry ' s  Constanta 
ammonium bromide 

t/ ° C T/K m2/mol kg- 1  10 3H/mol kg- 1 atm- 1 
-- --

26 2 9 9  0 . 0 1 . 5 5b 

0 . 04  1 . 5 0 
0 . 10 1 . 5 6  
0 . 20 1 . 7 1 
0 . 30 1 . 9 3  
0 . 40  2 . 0 6  
0 . 50 2 . 25 

a The authors reported these results as 10 3 m1 /mol kg- 1 
at 1 atm .  

Henry ' s  constant is defined , 

H/mol kg- 1 atm- 1  = (m 1 ;mol kg- 1 ) / (p 1 ;atm) . 

b The solubility value in water is from ( ref 2 ) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus and procedure are des 

cribed in detail in earlier papers 
(ref 1 , 2 ) . The solvent , contained in 
a glas s-lined brass equil ibrium cell 
resting on a magnetic stirrer , is de
gassed by evacuation and stirring . 
The gas is introduced at pressures 
above atmospheric and the solution 
stirred until equilibrium is reached . 
The pressure is reduced to atmospheric 
over the still liquid . The liquid is 
stirred and the gas evolved from the 
super-saturated solution is collected 
at atmospheric pressure and ambient 
temperature in a Warburg manometer , 
and its volume is measured . 

Corrections are made for the gas 
lost during the venting procedure , 
the differences in temperature and 
pressure , and the water vapor pressur 
in the calculation of Henry ' s  
constant . 

SOURCE AND PURITY OF MATERIALS : 
{ 1) Methane . Matheson Co . Inc . 

Stated to be 9 9 . 0  mol % or 
better . 

{ 2 )  Decyltrimethylammonium bromide . 
Eastman Kodak Co . Lot No . AlOE 
and AlOF . Recrystalized once fro� 
2-propanol and dried in vaauo . 
CMC agreed we ll with accepted 
value . 

{ 3 )  �vater . Double distilled . 
ESTIMATED ERROR: 

oT/K = ± 0 . 1  
oml /mol kg- 1 = ± 0 . 0 00 

( authors) 

REFERENCES : 
1 .  Matheson , I .B . C . ;  King , A . D .Jr .  

J .  Co Z Z .  In terfa a e  Sai . 1 9 7 8 ,  
6 6 ,  4 6 4 . 

2 .  Hoskins , J . C . ; King , A . D .  Jr . 
J .  Co � Z .  In terfaae Sa i .  1981, 
82,  2 6 4 . 



1 02 Aqueous Electrolyte Solutions 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  
( 2 )  Triethylenediamine hydrochloride 

or 1 , 4-diazabicyclo [ 2 . 2 . 2 ] octane 
hydrochloride ; c6H13clN2 

( 3 )  Water ; H20 ;  [ 7 732-18-5 ]  

VARIABLES : 
T /K : 

p/kPa : 
278 . 15 - 2 9 8 . 15 
101 . 32 5  ( 1  atm) 

ORIGINAL MEASUREMENTS : 
Muccitelli , J .  A . ; Wen , W . -Y .  

J .  So l ution Chern.  19 8 0 ,  9 ,  
141  - 161 . 

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES :�--��--�����----�----����.-------T/K C6Hl3ClN2 pH Ostwald 
Coefficient 

a 2/mol dm- 3 10 3 L/cm3 cm- 3  
---

2 7 8 . 1 5 0 . 1225  5 . 3 7 4 9 . 5 8 
0 . 2312  5 . 5 3 4 8 . 2 9 
0 . 62 9 1  5 . 4 0 4 4 . 4 0 
0 . 9023  5 . 5 9 4 2 . 65 

2 8 3 . 15 0 . 15 6 0  5 . 6 0 4 3 . 4 3 
0 . 2 5 3 8  5 . 07 4 2 . 4 5 
0 . 5 3 4 6  5 . 4 6 4 0 . 2 0 
0 . 8 1 2 0  5 .  72  38 . 7 0 

2 8 8 . 15 0 . 1601  5 . 7 9 38 . 92 
0 . 27 9 9  5 . 62 3 8 . 2 4  
0 . 6 2 9 9  5 . 87 3 6 . 9 1 
0 . 8 0 2 9  5 . 8 0 35 . 31 

2 93 . 15 0 . 1367  5 . 4 4 35 . 9 0 
0 . 2 3 4 0  5 . 5 9 35 . 3 2 
0 . 52 6 7  5 .  7 7  3 3 . 7 0 
0 . 8510  5 . 7 4 31 . 7 4  

2 98 . 15 0 . 14 6 9  5 . 4 9 34 . 10 
0 . 2 3 4 0  5 . 5 9 35 . 3 2 
0 . 5267  5 .  77 33 . 7 0  
0 . 8 510 5 . 7 4 3 1 . 74  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The solubility apparatus and pro
cedure employed were similar to that 
described by Ben-Naim and Baer ( 1 )  
with modifications suggested by Wen 
and Hung ( 2 ) . The apparatus con
sists mainly of a mercury manometer , 
a gas-volume measuring buret , a dis
solution cell of about 4 5 0  cm3 
capacity , and a mercury reservoir . 
The degassing apparatus and pro
cedure used were similar to that 
described by Battino e t a Z . ( 3 ) . 
From published ionization constants 
the authors estimated that nearly 
1 0 0  per cent of the triethylene
diamine is unprotonated when the 
solution pH is 12 or above , and 
about 9 9 . 7  per cent is in the 
monoprotonated form when the solu
tion pH is 5 . 7  to 5 . 9 .  

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Specified to have a purity of 
9 9 . 9 5 per cent . 

( 2 )  Triethylenediamine hydrochloride . 
The pH of the triethylenediamine 
solution was adj usted to a pH of 
5 . 4 0 0 . 01 by constant boiling 
HCl . 

( 3 )  Water . Carbon dioxide free . 

ESTIMATED ERROR: 
o T/K = ± 0 . 0 0 5  

o P/mmHg = ± 3 
o L/L = ± 0 . 005  

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , s .  

Trans .  Faraday Soc .  1 9 6 4 , 60 , 173 6 .  
2 .  Wen , W . -Y . ; Hung , J . �  

J .  Phy s .  Chern. 19 7 0 , 74 , 170 . 
3 .  Battino , R . ; Banzhof , M . ; 

Bogan , M . ; Wilhelm , E .  
Ana l .  Chern . 1971 , 4 3 ,  8 0 6 . 



Aqueous Electrolyte Solutions 1 03 

COMPONENTS : 

1 .  Methane ; CH� ;  [ 7 4-8 2-8 ] 

2 .  Water ; H20;  [ 7 7 3 2- 1 8 - 5 ]  

3 .  Guanidine monohydrochloride 

(Guanidinium chloride ) ;  

CH5 ClN 3 ; [ 5 0 -01-1]  
VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

T/K 

27 8 . 2  
29 8 . 2  
318 . 2  

Cone . of guanidinium 
chloride in soln . 

/mol dm- 3 

4 . 8 6 
4 . 8 6 
4 . 8 6 

ORIGINAL MEASUREMENTS : 

Wetlaufer , D .  B . ; Malik , s .  K. ; 

Stoller , L . ; Coffin ,  R .  L .  
J . Am.  Chern.  Bo a .  

1 9 6 4 , 8 6 ,  5 0 8 -514 . 

P REPARED BY : 

c .  L .  Young 

10 3 Cone . of 
methanet in soln . 

/mol dm- 3 

1 . 1 5 
0 . 9 6 
0 . 8 0 5  

* 
Mole fraction of 

methane 
XCH� 

0 . 0 0 0 0 2 8 0  
0 . 0 0 0 0 2 3 4  
0 . 0 0 0 0 1 9 6  

t at  a partial pressure of  101 . 3  kPa .  

* 
calculated by compiler . 

AU XI LIARY I N FO RMATION 

METHOD /APPARATUS/PROCEDURE : 

Modified Van Slyke-Neill apparatus 

fitted with a magnetic stirrer . 

Solution was saturated with gas 

and then sample transferred to the 

Van Slyke extraction chamber . 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Matheson c . p .  grade , purity 

9 9  mole per cent or better . 

2 .  Distilled . 

3 .  Prepared from the action of 

reagent grade hydrochloric acid 

on twice or three times recrys

tallized guanidinium carbonate . 

ES TIMATED ERROR: 

oT/K = ± 0 . 0 5 ;  oxCH � = ± 2 % .  

REFERENCES : 



1 04 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 -8 ]  Stoessell , R .  K . ; Byrne , P .  A .  

( 2 )  Magnesium chloride ; MgC12 ; 
[ 77 8 6-30-3 ] 

Geoahim .  Cosmoahim. Aata 19 8 2 , 4 6 , 
1327-3 2 .  

( 3 )  Water ; H20 ;  [ 7 7 3 2-18- 5 ]  

VARIABLES : TIK = 2 9 8 . 15 
p 1 lkPa = 2 4 1 0-5170 

PREPARED BY : 
H .  L .  Clever 

m21mol kg-1 = 0-2 . 1 6 

EXPERIMENTAL VALUES : 

Temperature Pressure Magnesium Methane Salt Effect 
Chloride Parameter 

ti °C TIK p 1 1psia p1 lkPa m21mol kg- 1 m1 1mol kg- 1 k smmlkg mol- 1  
--

2 5  2 9 8 . 15 350  2410  

550  3790  

7 5 0  5 1 7 0  

0 
0 . 5  
1 . 0  
2 . 1 6 

0 
0 . 5  
1 . 0  
2 . 1 6  

0 
0 . 5  
1 . 0  
2 . 1 6 

0 . 0319  -
0 . 0257  0 . 063  
0 . 0199  0 . 0 6 8  
0 . 0128 0 . 0 6 1  

0 . 0 4 8 3  -
0 . 037 6 0 . 07 3  
0 . 0 3 0 0  0 . 06 9  
0 . 0185  0 . 064  

0 . 0617 -

0 . 04 8 5  0 . 07 0  
0 . 0 3 9 0  0 . 0 6 6  
0 . 0 2 3 7  0 . 0 6 4  

0 . 063  (authors )  

The salt effect parameter i s  de£ ined as k smm = log y 1 I I 

where I is the ionic strength (molality)  and y 1 = (mif11m1fi > 
with m1 and t1 the solubility and fugacity , respectively , of methane at p 

and T .  The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Solubility determinations were 
made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control .  The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece . Th� vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane . 

( 2 )  Magnesium chloride . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals . 

( 3 )  Water . Distilled . 
The amount of gas in the saturated�������-------------------------------------1 

solution was measured by transfer of ESTIMATED ERROR: 
a sample volume to a loop at the 5 p 1 1psia = ± 1 
system pressure , followed by flashing 0 1 = ± o 01 the sample in an ans ion loop and m1 m1 • 

measuring the gas pressure in a known 
volume . The total gas volume and 

--�
RE�F=E�RE�N�c=E�.S�:

-------------------------------------------1 

pressure change were used to compute 
the moles of released gas assuming 
ideal behavior . A correction was 
made for the gas not released on 
flashing . 



Aqueous Electrolyte Solutions 

COMPONENTS : 
( 1 )  Methane ; CH

4
; [ 7  4-8  2 - 8 ]  

( 2 )  Magnesium sulfate ; Mgso4 ; 
[ 7 7 8 5- 8 7-7 ] 

( 3 )  Water ; H2 0 ;  [ 7 7 32-18-5]  

VARIABLES : T / K  = 2 9 8  . 15 
p1 /kPa = 2 4 1 0 - 5 1 7 0  

m2/mol kg-1  = 0-1 . 5  

EXPERIMENTAL VALUES : 

Temperature Pressure 

2 5  

T/K p 1 /psia 

2 9 8 . 15 3 5 0  

P/kPa 

2 4 1 0  

5 5 0  3 7 9 0  

7 5 0  5 1 7 0  

ORIGINAL MEASUREMENTS : 
Stoessell , R .  K . ; Byrne , P .  A .  

Geo ahim . Cosmoahim . A a t a  1 98 2 ,  4 6 ,  
13 27-32 . 

PREPARED BY : 
H .  L .  Clever 

Magnesium Methane Salt Effect 
Sulfate Parameter 
m 2/mol kg-1 m1 /mol kg-1 k smm/kg mol-1 

0 0 . 0 3 1 9  -
0 . 5  0 . 0 2 3 3  0 . 0 6 8  
1 . 0  0 . 0174  0 . 0 6 6  
1 . 5  0 . 0 1 2 8  0 . 0 6 6  

0 0 . 0 4 8 3  -
0 . 5  0 . 0 3 5 2  0 . 0 6 9  
1 . 0  0 . 0 2 6 1  0 . 0 6 7  
1 . 5  0 . 0 1 9 2  0 . 0 6 7  

0 0 . 0617  -
0 . 5  0 . 0 4 7 2  0 . 0 5 8  
1 . 0  0 . 0 3 4 2  0 . 0 6 4  
1 . 5  0 . 0253  0 . 06 5  

0 . 0 6 6  ( authors ) 

The salt effect parameter is defined as k smm = log Y 1 /I 

where I is the ionic strength (molality )  and y 1 = (mif1 /m 1fi > p , T 
with m1 and !1 the solubil ity and fugacity , respectively , of methane at p 

and T .  The " * " refers to saturation in distilled water . 

METHOD/APPARATUS /PROCEDURE : 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane . 

{ 2 )  Magnesium sulfate . 

1 05 

Solubility determinations were 
made using a titanium- lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece .  The vessel 
was rocked for three h to al low 
equilibration between the methane 
and solution . 

The salt solutions were made up 
gravimetrically us ing analytical 
grade chemicals . 

The amount of gas in the satura
ted solution was measured by trans
fer of a sample volume to a loop at 
the sys tem pressure , followed by 
flashing the sample in an ansion 
loop and measuring the gas pressure 
in a known volume . The total gas 
volume and pressure change were 
used to compute the moles of 
released gas assuming ideal behavior. 
A correction was made for the gas 
not released on flashing . 

( 3 )  Water . Distilled . 

ESTIMATED ERROR: 
o p 1/psia = ± 1 

o m1 ;m1 = ± 0 . 01 

REFERENCES : 



1 06 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 - 8 ]  Byrne , P .  A . ; Stoessell , R .  K .  

� � l  Electrolytes , see below Ge oahim . Cosmoahim. Aata 198 2 , 4 6 ,  
23 95-7 . 

( 4 )  Water ; H20 ;  [ 77 32-18-5]  

VARIABLES : P REPARED BY : 

T/I< = 2 98 . 15 
p 1 /kPa = 3 7 9 0  H .  L .  Clever 

EXPERIMENTAL VALUES : 

'l'emperature 
T/K 

25  2 9 8 . 1 5 

2 5  2 9 8 . 1 5 

Pressure 

550 3 7 9 0  

5 5 0  3 7 9 0  

Electrolyte Methane 
mi/mol kg- 1 m1 /mol kg- 1 

---

- 0 0 . 0 4 8 3a 
MgC12 0 . 2 5 ] 0 . 0 3 5 8  
MgS04 0 . 2 5 

- 0 0 . 0 4 8 3a 
MgC12 0 . 5  ] 0 . 0275  
MgS04 0 . 5  

a Value of methane solubility in water , m
1

° ,  from (ref 1 )  

The salt effect parameter , k /kg mol- 1  = srnrn 
( E ( ( ksmim/kg mol- 1 ) (Ii/mol kg- 1 ) ) / (I/mol kg- 1 ) 

Salt :Lffect 
Parameter 

-
0 . 07 6  

-
0 . 07 0  

where Ii and I are ionic strength 
ionic strength , respectively , and 

due to component 
k . /kg mol- 1 = sm�m 

i and the total 

kg- 1 ) ) / (I ./mol kg- 1 ) � 

Magnesium chloride ; MgC12 ; [ 77 8 6 -30-3]  
Magnes ium sulfate ; MgS04 ; [ 7 7 8 5-87-7]  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketted by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for 3 h to allow equili
bration between the methane and the 
solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  MetPane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to have a minimum purity of 
99 . 9 7 mole percent . 

( 2 )  Electrolytes .  The salt solutions 
( 3 )  were made up gravimetrically 

us ing analytical grade chemicals . 

( 4 )  Water . Distilled . 

The amount of gas in the saturated 
solution was measured by transfer of 1-

E
-

S
_

T
_

I
_
MA
_

T
_
E
_
D

_
E

_
R
_

R
_
O
_
R
_
:
--------------f 

a sample volume to a loop at the o p 1/psia = ± 1 
system pressure , followed by flashing o ml /mol kg- 1 = ± 0 . 0 0 0 3 - 0 . 0005  
the sample in  an  expansion loop and s m2• 3;mol kg- 1 = ± 0 . 0001  
measuring the gas pres sure in a known 
volume . The total gas volume and �����---------------� 
pressure change were used to compute REFERENCES : 

the moles of gas assuming ideal 1 .  Stoessell , R. K . ; Byrne , P .  A .  
behavior . A correction was made for Geoahim . Cosmo ahim . Aata 1 9 8 2 , 4 6 ,  
the gas not released on flashing . 1327 . 

Solution densities were measured 
gravimetrically with pycnometers .  



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane; CH� ; [ 7 4 - 8 2- 8 ]  

2 .  Water; H 20 ;  [ 7 7 3 2 - 1 8- 5 ]  

3 .  Calcium chloride ; CaCl 2 ; 
[ 10 0 4 3- 5 2- 4 ]  

VARIABLES : 

Pres sure 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15  

Cone . of 
CaC l dmol 1- 1 

2 . 7  

ORIGINAL MEASUREMENTS : 

Michels A . ; Gerver , J . ;  Bij l ,  A .  

Phy s i aa, 1 9 3 6 , 3 ,  7 9 7 - 8 0 8 .  

PREPARED BY : 

p/10 5Pa 

5 6 . 2  
110 . 4  
1 5 7 . 2  
2 09 . 9  

C . L .  Young 

10 3 Mole fraction 
of methane in liquid , 

l0 3xCH� 

0 . 3 4 
0 . 5 6 
0 . 6 9 
0 . 8 0 

AUXI L IARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Simple rocking equilibrium cel l .  
Amount o f  gas absorbed ca lculated 
from volume and pres sure change 
in charging ves sel . Details in 
source . 

SOURCE AND PURITY OF MATE RIALS : 

No details given. 

ESTIMATED ERROR: 

cT/K = ± 0 . 1 ;  cp/10 5 Pa = ± 0 . 0 5 to 
0 . 5 % ;  cxCH 4 = ±3 -5% . 

(estimated by compiler . )  
REFERENCES : 

1 07 



1 08 Aqueous E lectrolyte Sol utions 

COMPONENTS : 

1 .  Methane ; CH 4; [ 74 - 8 2 - 8 ]  

2 .  Water; H 20 ;  [ 7 7 32-18-5 ] 

3 .  Calcium chloride ; CaC1 2; 
[ 1 0 0 4 3-52- 4 ]  

VARIABLES :  

EXPERIMENTAL VALUES :  

T/K 

2 9 8 . 2  

324 . 7  

3 4 4 . 2  

375 . 7  

Cone . of CaC1 2 
/mol dm- 3 

1 . 0  

1 . 0  

1 . 0 

1 . 0 

P/MPa 

10 . 1  
2 0 . 3  
3 0 . 4  
40 . 5  
50 . 7  
6 0 . 8 
10 . 1  
2 0 . 3  
30 . 4  
4 0 . 5  
50 . 7  
6 0 . 8  
1 0 . 1 
2 0 . 3  
3 0 . 4  
4 0 . 5  
50 . 7  
6 0 . 8  
10 . 1  
2 0 . 3  
30 . 4  

ORIGINAL MEASUREMENTS : 

Blanco , L .  H . ; Smith , N .  0 .  

J .  Phy s .  Chern . 

1978 , 8 2, 186-191 . 

P REPARED BY : 

c .  L .  Young 

P/atm 

100 
2 0 0  
300  
4 0 0  
500  
600  
100  
200  
300  
4 0 0  
5 0 0  
6 0 0  
1 0 0  
2 0 0  
3 0 0  
4 0 0  
5 0 0  
6 0 0  
100 
200 
300 

10 3 Mole fraction 
of methane 

( cont . ) 

in liquid , 
10 3xCH4 

1 .  032  
1 . 591  
1 .  956  
2 . 20 2  
2 .  471  
2 .  720  
0 . 834  
1 . 360  
1 .  7 2 4  
2 . 0 0 4  
2 . 232  
2 . 4 55 
0 . 7 8 7  
1 .  2 8 6  
1 .  6 6 5  
1 .  9 6 3  
2 . 215 
2 . 4 4 3  
0 . 8 0 3  
1 .  3 4 7  
1 .  7 4 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Large steel stirred equilibrium cell . 
Pressure measured with Bourdon 
gauge . Temperature measured with 
iron-constantan thermocouple . Cell 
charged with liquid , compressed gas 
added . After equilibrium obtained 
samples removed and analysed using 
volumetric techniques . Salt 
concentration determined by gravi
metric analysis . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson , gold label sample , 
purity 9 9 . 9 7 mole per cent . 

2 .  Distilled and boiled . 

3 .  Fisher Certified grade used 
without further purification . 

ESTIMATED ERROR: 

o T/K = ± 0 . 5 ;  o P/MPa = ± 0 . 0 5 %  
OXCH4 = ± 0 . 4 % .  

REFERENCJ::S :  



Aq ueous Electrolyte Sol utions 

COHPONENTS : 

1 .  Methane : CH4 :  [ 7 4-8 2-8 ] 

2 .  �vater: H20:  [ 7 7 32-18- 5 ]  

3 .  Calcium chloride : CaC1 2 :  
[ 1 0 0 4 3-52- 4 ]  

EXPERIMENTAL VALUES :  

T/K 

375 . 7  

39 8 . 2  

Cone . of CaC1 2 
/mol dm- 3 

1 . 0  

1 . 0 

P/MPa 

4 0 . 5  
50 . 7  
6 0 . 8  
10 . 1  
2 0 . 3  
30 . 4  
40 . 5  
50 . 7  
6 0 . 8  

ORIGINAL MEASURE!-1ENTS : 

Blanco , L .  H •. : Smith , N .  o .  

J , Phys . Ch em . 

197 8 ,  8 2 ,  186-19 1 .  

P/atm 

4 0 0  
5 0 0  
6 0 0  
100  
200  
300  
400  
5 0 0  
6 0 0  

10 3 Mole fraction 
of methane 
in liquid , 

10 3xCH4 

2 . 01 8  
2 . 2 81 
2 .  4 7 7  
0 . 826  
1 . 371  
1 . 7 0 9  
2 . 0 3 4  
2 . 252  
2 .  477  

1 09 



1 1 0 Aqueous Electrolyte Solutions 

COHPONENTS : 

{ 1 )  Methane ; CH4 : [ 74 - 8 2-8 ]  

( 2 )  Calcium chloride ; cacl2 : 
[ 1 0 0 4 3-52-4 ] 

( 3 )  water :  H2o :  [ 7 7 32 -18-5 ] 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Duffy , J .  R . ; Smith , N .  0 . ; Nagy , B .  

Geoahim.  Co amo a him.  Aata 1961,  24,  
2 3-31 . 

Temperature Calcium Chloride Pressure Mol Fraction 

2 5  2 9 8 . 15 

3 0  3 0 3 . 15 

0 

0 . 25 

0 . 5 0 

l .  35  

2 . 5 0 

0 

1 . 3 5 

4 . 75 

7 . 3 5 ( sat) a 

p 1/psia p 7;MPa 

160  1 . 10 
215  1 . 4 8 
2 3 0  :J- . 5 9 
4 3 0  2 . 9 6 
4 4 5  3 . 07 
514 3 . 54 
5 8 5  4 . 0 3 
6 8 0  4 . 6 9 
7 5 0  5 . 17 
165  
3 2 8  
4 9 3  
6 3 1  
1 1 8  
212 
2 8 1  
3 7 7  
5 7 8  
6 8 3  
1 6 3  
2 1 0  
2 7 7  
4 5 5  
5 5 5  
9 2 5  
2 9 3  
4 4 ]  
7 4 6  

1085  

46  
8 0  

115 
136  
286  
297  
398  
523  
278  
550  
4 15 
574  
770  
955  
1 9 0  
4 6 0  
8 4 0  

1 . 14 
2 . 2 6 
3 . 4 0  
4 . 3 5 
0 . 8 1 
1 . 4 6 
l .  94  
2 . 6 0  
3 . 9 9 
4 .  71  
1 . 12 
l .  4 5  
l .  94  
3 . 14 
3 . 83 
6 . 3 8 
2 . 02 
3 . 04 
5 . 14 
7 . 4 8  

0 . 32 
0 . 5 5 
0 . 7 9 
0 . 9 4 
1 . 9 7 
2 . 0 5 
2 . 74 
3 . 6 1 
1 . 92 
3 . 79 
2 . 8 6 
3 . 9 6 
5 . 31 
6 . 5 8 
l .  31  
3 . 17 
5 . 7 9 

2 . 14 
2 . 7 3 
3 . 7 6 
7 . 08 
7 . 03 
8 . 00 
9 . 3 9 
9 . 79 

11 . 30 
2 . 08 
4 . 4 9 
6 .  7 2  
8 . 9 8  
1 . 2 6 
2 . 39 
3 . 3 0 
4 . 5 0  
6 . 5 0 
8 . 3 3 
1 . 15 
1 . 36 
2 . 02 
3 . 34 
3 . 8 9 
7 . 10 
1 . 01 
2 . 3 9 
3 . 5 8 
5 . 4 9 

0 . 60 
1 . 15 
l .  8 4  
2 . 32 
4 . 90 
4 . 9 3 
6 . 12 
7 . 6 4 
l .  8 6  
4 . 3 8 
0 . 54  
l .  04  
l .  8 6  
2 .  71  
0 . 12 
0 . 4 3  
l .  3 9  

a The solid i n  equilibrium with the saturated solution is cacl2 " 6H2o .  

The authors gave the cac12 concentrations i n  normality , a 2/eq dm- 3 • 

At 2 5  ° C the values were 0 . 5 ,  1 . 0 , 2 . 7  and 5 . 0  N ,  and at 3 0  ° C the 
normality values were 2 . 7 ,  9 . 5 ,  and 14 . 7  N .  



Aqueous E lectrolyte Solutions 1 1 1  

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Calcium chloride ; cacl2 ; 
[ 1 0 0 4 3-52-4 ] 

( 3 )  Water;  H20 ;  [ 7 732-18-5]  

VARIABLES : 
T/K = 

p /MPa = 
c2/mol 1- 1 = 

EXPERIMENTAL VALUES : 

2 9 8 . 15 ,  3 03 . 15 
1 . 14 - 7 . 4 8 
0 . 25 - 7 . 35 

ORIGINAL MEASUREMENTS : 

Duffy , J .  R . ; Smith , N .  0 . ; Nagy , B .  

Geochim.  Co smo chim. A c ta 1961,  2 4 ,  
2 3-31 . 

PREPARED BY : 
H .  L .  Clever 
C .  L .  Young 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Rocking equilibrium cell . The pres
sure is measured with a Bourdon 
gage . The cell is charged with salt 
solution , the gas is admitted to a 
known pressure , and the cell contentf 
allowed to equilibrate . The final 
pressure is measured and used to 
calculate the amount of gas 
dissolved . 

M-E 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Source not given . 
Stated to be c . p .  grade . 

( 2 )  Calcium chloride . Source not 
given . Stated to be reagent 
grade of known water content . 

( 3 )  Water . Distilled , degassed . 

ESTIMATED ERROR: 

oT/K = ± 1 ;  

REFERENCES : 

op/MPa = ± 0 . 0 3 ;  



1 1 2 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Stoessell , R .  K . ; Byrne , P .  A .  

{ 2 )  Calcium chloride ; cacl2 ; 
[ 1 0 0 4 3-52- 4 ]  

Geoahim . Cosmoahim . Aata 198 2 ,  4 6 ,  
1327 -32 . 

{ 3 )  Water ; H2 ; [ 7 7 32-18-5]  

VARIABLES : T/K = 298 . 15 
p1/kPa = 2 4 1 0-5170 

m2/mol kg- 1 = 0-2 . 0  

EXPERIMENTAL VALUES : 

PREPARED BY : 
H .  L .  Clever 

Temperature Pressure Calcium 
Chloride 
m2/mol kg- 1 

Methane Salt Effect 
Parameter 

tfOC T/K P/PSia 

3 5 0  

P /kPa 

2 4 1 0  

m1 /mol kg- 1 k /kg mol- 1  
smm 

25  2 98 . 15 

550  

7 5 0  

3 7 9 0  

5 1 7 0  

0 
0 . 5  
1 . 0  
2 . 0  

0 
0 . 5  
1 . 0  
2 . 0  

0 
0 . 5  
1 . 0  
2 . 0  

0 . 0319  -
0 . 0250  o .  071  
0 . 0191 0 . 07 4  
0 . 0120  0 . 071  

0 . 0 4 8 3  -
0 . 0 3 7 5  0 . 07 3  
0 . 0 2 9 5  0 . 071  
0 . 0179  0 . 07 2  

0 . 0617  -
0 . 0 4 8 5  0 . 07 0  
0 . 0 3 7 9  0 . 07 1  
0 . 0 2 3 6  0 . 07 0  

0 . 071  {authors )  

The salt effect parameter i s  defined a s  ksmm = log y 1/I 

where I is the ionic strength {molality)  and y 1 = (m1f1!m1f1 l p , T 
with m1 and t1 the solubility and fugacity , respectively , of methane at p 

and T .  The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Solubility determinations were { 1 )  
made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control . The system 
pressure was set by controlling the { 2 )  
input and output o f  methane within 
the chamber ' s  headpiece . The vessel 
was rocked for three h to allow 
equilibration between the methane 

Methane . Matheson Co . ,  Inc . 
Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane .  

Calcium chloride . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals . 

and solution . { 3 )  Water . Distilled . 
Th� amount of gas in the saturated 

ESTIMATED ERROR: solut�on was measured by transfer of 0 I . 
= ± 1 a sample volume to a loop at the P 1 ps�a 

system pressure , followed by flashing o m1!m1 = ± 
the sample in an arision loop and 

0 . 01 

measuring the gas pressure in a known����------------------------------� 
volume . The total gas volume and REFERENCES : 
pressure change were used to compute 
the moles of released gas assuming 
ideal behavior . A correction was 
made for the gas not released on 
flashing . 



Aqueous E lectrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8]  

( 2 ) , ( 3 ) , ( 4 ) , ( 5 )  Electrolytes 
see below 

( 6 )  Water ; H2o;  [77 32-18-5]  

VARIABLES :  
T/K = 298 . 1 5 

p 1 /kPa = 3 7 9 0  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Byrne , P .  A. ; Stoessel l ,  R. K .  

�oahim . Cosmodhim . Aata 1 98 2 ,  4 6 ,  
2 3 9 5-7 . 

P REPARED BY : 
H .  L .  Clever 

1 1 3 

Temperature Pressure 

p 1 /psia p 1 /kPa 

Electrolyte He thane Salt Effect 

T/K 

298 . 1 5 

m i/mol kg- 1 m1 ;mol kg- 1  Parameter 
---

550 3 7 9 0  25  -
1 � 0 ] 0 . 0 4 8 3a 

MgC1 2 0 . 0173  
CaC12 1 . 0  

25 2 9 8 . 1 5 550 3 7 9 0  - 0 0 . 04 8 3a 
NaCl 0 . 5  
KCl 0 . 5  0 . 0245  MgC12 0 . 5  

CaC12 0 . 5  

a Value of methane solubility in water , m1 ° ,  from (ref 1 ) . 

The salt ef fect parameter , ksmm/kg mol - 1 = 

( l: ( ( k . /kg mol- 1 ) (I . /mol kg- 1 ) ) / (I/mol kg- 1 ) sm�m � 
where Ii and I are ionic strength due to component i and the total 

ionic strength , respective ly , and k . /kg mol- 1  = sm�m 

log ( (m1 °/mol kg- 1 ) / (m 1 /mol kg- 1 ) ) / ( Ii/mol kg- 1 ) 

-

0 . 07 4  

-

0 . 07 4  

Sodium chloride; NaCl ; [ 7 6 4 7-14 -5]  Magnes ium chloride ; MgC12 ; [ 7 7 8 6-30- 3 ]  

Potass ium chloride ; KCl ; [ 7 4 4 7-40-7]  Calcium chloride ; CaC12 ; [ 1 0 04 3-52-4 ] 

AUXILI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketted by a water bath for 
temperature control . The sys tem 
pressure was set by contro ll ing the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for 3 h to al low equili
bration between the methane and the 
solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Hatheson Co . ,  Inc . 

Ultra high purity grade , stated 
to have a minimum purity of 
9 9 . 97 mole percent . 

( 2 )  , ( 3 )  , ( 4 )  , ( 5 )  Electrolytes . 
The salt solutions were made up 
gravimetrically us ing analytical 
grade chemicals . 

( 6 )  Water . Distilled . 

The amount of gas in the saturated 
solution was measured by transfer of r.E�S�T�I�MA�T�E�D�E�R�R�O�R�:--------------------------� 
a sample volume to a loop at the 0 p /psia = ± 1 system pressure ,  followed by flashing 0 m l /moi kg- 1 = ± 0 . 00 0 3-0 . 0 0 05 the sample in an expans ion loop and I 1 o m 2 ,

7 mol kg- = ± 0 . 0001  measuring the gas  pressure in  a known , v  
volume . The total gas volume and �=��--------------------------1 
pressure change were used to compute REFERENCES : 
the moles of gas as suming ideal 1 .  Stoes sell , R. K . ; Byrne , 
behavior . A correction was made for Ge oahim . Cosmoahim . Aata 
the gas not released on flashing . 4 6 ,  132 7 . 

Solution dens ities were measured 
gravimetrically with pycnometers . 

P .  A .  
1 9 8 2 , 



1 1 4 Aqueous E lectrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4 - 8 2- 8 ]  

2 .  Water; H 20 ;  [ 77 32-18-5]  

3 .  Lithium chloride ; LiC l ;  
[ 74 4 7-41- 8 ]  

VARIABLES :  

Pressure 

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 

Cone . of 
LiCl/mol 1- 1 

2 . 7  

ORIGINAL MEASUREMENTS : 

Michels , A . ; Gerver , J . ; Bij l ,  A .  

Phys iaa, 19 3 6 ,  3,  7 9 7- 8 0 8 . 

PREPARED BY : 

4 8 . 0  
101 . 5  
147 . 0  
197 . 8  

C . L .  Young 

10 3 Mole fraction 
of methane in liquid,  

10 3 XCH 4 

0 . 4 3 
0 . 8 5 
1 . 17 
1 .  4 6  

AUXILIARY INFOR}�TION 

METHOD /APPARATUS /PROCEDURE : 

Simple rocking equilibrium cell.  
Amount of gas absorbed calculated 
from volume and pressure change 
in charging vessel.  Details in 
source . 

SOURCE AND PURITY OF MATERIALS : 

No details given 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ; op/10 5 Pa = ± 0 . 05  to 
0 . 5% ;  OXCH 4 = ± 3-5% . 
{ estimated by compiler) • 

REFERENCES : 



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 74-8 2-8 ] Morrison , T .  J . ; Billett , F .  

( 2 )  Lithium chloride ; LiCl ; 
[ 7 4 4 7-41-8 ]  

J. Chern . Soc . 1952 , 3819  - 3 8 2 2 . 

( 3 }  Water ; H20;  [ 7 732 -18-5] 

VARIABLES : PREPARED BY : 
T/K : 

p/kPa : 
2 8 5 . 75 - 344 . 8 5 
1 0 1 . 325 ( 1  atm) H.  L .  Clever 

EXPERIMENTAL VALUES : 
---;�--���------------������-n����---------Temperature Salt Effect Parameters 

t/ °C  T/K 1/ (T/K) ( l/m2 ) log ( S 0/S ) 1 ( l/m2 ) log (x 0/x) 

12 . 6  
3 0 . 0 
4 9 . 4  
71 . 7  

2 8 5 . 7 5 
3 0 3 . 1 5 
3 2 2 . 5 5 
3 4 4 . 8 5 

0 . 0035  0 . 13 0  0 . 145 
0 . 0033  0 . 0 97  0 . 112 
0 . 00 31 0 . 0 82  0 . 0 9 7  
0 . 0029  0 . 077 0 . 0 92  

1 1 5  

The authors used ( l/c) log ( S 0 /S)  with c defined a s  g eq salt per kg of 
water . For the 1-1 electrolyte the compiler changed the c to an m for 
m2/mol kg- 1 • The methane solubility S i s cm 3 ( STP ) kg- 1 • 

The salt ef fect parameters were calculated from two measurements .  The 
solubility of methane in water , s o ,  and in the one molal salt solution , s .  
Only the solubi lity of the methane in water , and the value of the salt 
effect parameter are given in the paper . The solubility values in the 
salt solution are not given . 

The compiler calculated the values of the salt ef fect parameter us ing the 
mole fraction gas solubil ity ratio . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The degassed solvent flows in a thin 
fi lm down an absorption helix con
taining the methane gas plus solvent 
vapor at a total pres sure of one 
atmosphere . T.he volume of gas 
absorbed is measured in an attached 
buret system ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared from Grignard 

reagent . 

( 2 )  Lithium -chloride . "AnalaR" 
material . 

( 3 )  Water . No information given . 

ESTIMATED ERROR: 
ok/kg- 1 mol = 0 . 010  

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern . Soc . 1 9 4 8 ,  2033 . 



1 1 6 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 74-82-8 ]  

2 .  Lithium chloride ; LiCl;  
[ 7 4 4 7-41- 8 ]  

3 .  Water ; H 2 0 ;  [ 7 7 32-18-5 ] 

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ben-Naim, A . ; Yaacobi , M .  
J . Phys .  Chem .  

19 7 4 , ? 8 ,  175-8 . 

PREPARED BY : 

c .  L .  Young 

T/K Cone . of lithium chloride 

/mol R.- 1 

* 
Ostwald coefficient , 

L 

2 8 3 . 1 5 
2 88 . 1 5 
2 93 . 1 5 
2 9 8 . 15 
303 . 1 5 

0 . 1  0 . 0 3 394 
0 . 03106 
0 . 0 2 8 6 4  
0 . 02661  
0 . 0 2 4 8 8  

* 
Smoothed values o f  Ostwald coefficient obtained from 

kT ln L = 7 , 2 6 4 . 1 - 4 7 . 6 0 9  �/K ) + 0 . 0 5 3 8 0  (T/K) 2 cal mol- 1  

where k i s  in units of cal mol - 1  K- 1 • 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

The apparatus was similar to that 

described by Ben-Naim and Baer ( 1 )  

and Wen and Hung { 2 ) . I t  consi sts 

of three main parts , a dissolution 

cell of 300  to 6 0 0  cm 3 capacity , a 

gas volume measuring column , and a 

manometer . The solvent is dega ssed 

in the dissolution cell , the gas is 

introduced and dis solved while the 

liquid i s  kept stirred by a magnetic 

stirrer immersed in the water bath . 

Dis solution of the gas results in 

the change in the height of a column 

of mercury which is measured by a 

cathetometer . 

SOURCE AND PURITY OF MATE RI ALS : 

1 .  Matheson sample , purity 9 9 . 9 7 

mole per cent . 

2 .  AR grade . 

3 .  Deionised, doubly disti lled . 

ESTIMATED ERROR: 

o T/K = ±0 . 0 1 ;  oL/L = ± 0 . 005 

(estimated by compi ler ) • 

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , s .  
Trans . Faraday Bo a .  1963 , 5 9 ,  
2 7 3 5 . 

2 .  Wen ,  W . -Y. ; Hung , J .  H .  
J . Phys . Chem .  197 0 ,  ? 4 ,  170 . 



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4- 8 2- 8 ]  

2 .  Water ; H20 ;  [ 7 732-18-5]  

3 .  Sodium chloride; NaC l ;  
[ 7 6 4 7-14-5]  

ORIGINAL MEASUREMENTS : 

Michels , A . ; Gerver ,  J . ; Bij l ,  A .  

Phy s i aa, 1936 , 3 ,  7 9 7-80 8 . 

VARIABLES :  PREPARED BY : 

Temperature ,  pressure,  concentration C . L .  Young 

EXPERIMENTAL VALUES : 

T/K Cone . of 
NaCl I mol 1- 1  

2 9 8 . 1 5 1 . 0 

1 . 7  

2 . 5  

2 . 7  

3 . 2  

4 1 . 8 
102 . 6  
142 . 0  
177 . 0  
206 . 8  

50 . 8  
105 . 9  
151 . 7  
2 01 . 6  

53 . 0  
87 . 8  

117 . 8  
144 . 4  
182 . 9  
2 24 . 5  
325 . 3  
4 56 . 0  

53 . 4  
105 . 8  
152 . 6  
195 . 7  

4 8 . 5  
9 9 . 2  

151 . 8  

10 3 Mole fraction 
of methane in liquid , 

10 3 XCH 4 

0 . 5 8 
1 . 1 4 
1 .  4 2  
1 .  62  
1 .  7 3  
0 . 5 5 
1 .  0 0  
1 . 2 6 
1 . 4 7 
0 . 4 9 
o .  7 2  
0 . 9 1 
1 .  0 6  
1 . 2 2 
1 .  3 6  
1 .  5 5  
1 .  6 7  
0 . 4 7 
o .  7 7  
0 . 9 8 
1 . 1 2 
0 . 3 5 
0 . 6 2 
0 . 8 2 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Simple rocking equilibrium cell . 
Amount of gas absorbed calculated 
from volume and pressure change 
in charging ves sel .  Details in 
source.  

SOURCE AND PURITY OF MATERIALS ; 

No details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  op/10 5 Pa = ± 0 . 05 to 
0 . 5% ;  OxCH 4 = ± 3-5% . 

( estimated by compiler) 

REFERENCES : 

1 17 



1 1 8 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4- 82- 8 ]  
2 .  Water ; H20;  [ 7 732-18-5]  
3 .  Sodium chloride; NaCl;  

[ 7 6 4 7-14-5]  

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 

323 . 15 

34 8 . 15 

37 3 . 15 

39 8 . 15 

4 2 3 . 1 5 

323 . 1 5 

348 . 15 

373 . 15 

Cone . of 
NaCl/mol 1- 1  

3 . 2  
4 . 0  

5 . 4  

2 . 5  

2 . 5  

2 . 5  

2 . 5  

2 . 5  

5 . 4  

5 . 4  

5 . 4  

20 0 . 8  
59 . 8  

10 9 . 3  
16 0 . 9  
206 . 1  

47 . 6  
8 2 . 1  

111 . 2  
14 0 . 9  
17 7 . 8  
216 . 4  
324 . 2  
4 4 5 . 3  

53 . 6  
8 8 . 5  

118 . 4  
142 . 7  
1 82 . 9  
2 24 . 0  

5 5 . 9 
87 . 6  

117 . 7  
14 5 . 9  
182 . 0  
224 . 1  

5 1 . 9 
85 . 2  

115 . 8  
144 . 1  
177 . 2  
224 . 5  

56 . 6  
87 . 2  

117 . 8  
147 . 5  
18 2 . 2  
22 4 . 2  

56 . 9  
87 . 2  

117 . 4  
147 . 5  
182 . 6  
224 . 4  

4 9 . 1  
8 3 . 1  

113 . 4  
1 4 2 . 6  
179 . 9  
217 . 1  

50 . 9  
8 3 . 0  

113 . 1  
14 1 . 8  
175 . 2  
223 . 4  

50 . 4  
8 5 . 2  

114 . 2  
14 3 . 4  
181 . 3  
217 . 2  

ORIGINAL MEASUREMENTS : 

Michels , A . ; Gerver , J . ;  
Bij l ,  A .  

Phy s i aa, 1936 , 3,  797 -8 08 . 

10 3 Mole fraction 
of methane in liquid , 

10 3 xCH 4 

0 . 9 5 
0 . 3 1 
0 . 4 9  
0 . 6 3 
0 . 7 0 
0 . 21 
0 . 3 2 
0 . 4 1 
0 . 4 9 
0 . 5 6 
0 . 6 2 
0 . 7 5 
0 . 85 
0 . 4 4  
0 . 6 7  
0 . 8 5 
0 . 9 5 
1 . 1 3 
1 .  26  
0 . 3 9 
0 . 6 2  
0 . 7 8 
0 . 9 0 
1 . 0 5 
1 . 1 8 
0 . 3 3 
0 . 5 5 
0 . 74 
0 . 8 5 
0 . 9 9  
1 . 1 2 
0 . 3 6 
0 . 5 2 
0 . 6 9 
0 . 8 3 
0 . 9 4 
1 .  04  
0 . 3 3 
0 . 5 0 
0 . 6 6 
0 . 7 7 
0 . 8 8 
0 . 9 9 
0 . 195  
0 . 2 95 
0 . 3 83 
0 . 4 61 
0 . 536 
0 . 6 01 
0 . 1 89 
0 . 2 81 
0 . 3 73 
0 . 4 4 4  
0 . 510 
0 . 5 85 
0 . 1 86 
0 . 2 81 
0 . 3 65 
0 . 425  
0 . 4 9 5  
0 . 5 6 5  



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82- 8 ]  

2 .  Water ; H 2 0 ;  [ 7 732-1 8- 5 ]  

3 .  Sodium chloride; NaCl ; 
[ 76 4 7-14- 5 ]  

EXPERIMENTAL VALUES : 

T/K 

3 98 . 15 

4 2 3 . 15 

Cone . of 
NaCl/mol 1- 1  

5 . 4  

5 . 4  

50 . 5  
82 . 4  

113 . 5  
14 2 . 0 
17 5 . 8  
22 3 . 8  

49 . 5  
81 . 9  

115 . 0  
14 2 . 8  
176 . 8  
2 2 2 . 7  

ORIGINAL MEASUREMENTS :  

Michels , A . ; Gerver,  J . ; 
Bij l ,  A .  

Physiaa, 1936 , J ,  7 9 7-808 . 

10 3 Mole fraction 
of methane in liquid , 

1 0 3 :.t:CH4 

0 . 1 77 
0 . 2 62  
0 . 351 
0 . 4 09  
0 . 4 75  
0 . 5 4 8  
0 . 1 7 3  
0 . 2 54 
0 . 3 37 
0 . 3 9 5  
0 . 4 55 
0 . 539 

1 1 9 



1 20 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2-8 ] Eucken , A . ; Hertzberg , G .  

( 2 )  Sodium chloride ; NaCl ; 
[ 7 6 4 7-14- 5 ]  

Z .  Phy s .  Che rn .  1950,  1 9 5 ,  
1-2 3 .  

( 3 )  Water ; H20 ;  [ 7 732-18- 5 ]  

VARIABLES : P REPARED BY : T/K = 

p 1/kPa = 
m2!mol kg- 1 = 

273 . 1 5 ,  293 . 15 
1 0 1 .  3 2 5  H .  L .  Clever 
0 - 2 . 7 7 

EXPERIMENTAL VALUES : 

Temperature Sodium Chloride Ostwald 

T/K 

0 2 7 3 . 15 

2 0  29 3 . 15 

0 
0 . 6 8 
1 .  37 
2. 77  

0 
0 . 7 95  
2 . 6 3 

Coefficient 
L/cm 3 cm- 3  

0 . 0550  
0 . 04 0 9  
0 . 0 3 13 
0 . 0167 

0 . 0359  
0 . 0 2 6 6  
0 . 0139  

Salt effect parameter , k smc/kg mol- 1 = 

( l/ (m2/mol kg- 1 ) ) log ( (L 0 cm 3 cm- 3 ) / ( L/cm 3 cm- 3 ) )  

AUXILIARY INFORMATION 

Salt Effect 
Parameter 
ksmc/kg mol- 1 

-
0 . 18 8  
0 . 17 8  
0 . 18 6  

Av . 0 . 184 

-
0 . 163  
0 . 157 

Av . 0 . 160  

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

The apparatus consists of a gas ( 1 ) Methane . 
buret and an absorption flask 
connected by a capil lary tube . The ( 2 )  Sodium chloride . 
whole apparatus is shaken . The 
capil lary tube is a two m long glass ( 3 )  Water . 
helix . An amount of gas is measured 
at STP and placed in the gas buret . No information . 
After shaking , the difference from 
the original amount of gas placed in 
the buret is determined . 

ESTIMATED ERROR: 

oL/L = ± 0 . 0 1 (authors ) 

REFERENCES : 



Aqueous Electrolyte Solutions 

COMPONENTS : 

{ 1 )  Methane ; CH4 ; [ 74-82-8 ]  

{ 2 )  Sodium chloride ; NaCl ; 
[ 7 647-14-5 ]  

( 3 )  Water ; H2o ;  [ 7 732-18-5]  

VARIABLES : 
T/K : 2 8 5 . 7 5 - 344 . 8 5 

p/kPa : 101 . 3 25 (1  atm) 

EXPERIMENTAL VALUES : 
Temperature 

t/° C  T/K 1/ (T/K) 

12 . 6  
3 0 . 0  
4 9 . 4 
71 . 7  

285 . 7 5 
303 . 1 5 
32 2 . 5 5 
344 . 8 5 

0 . 0035  
0 . 0033  
0 . 0031  
0 . 0029  

ORIGINAL MEASUREMENTS : 

Morrison , T .  J . ; Billett , F .  

J .  Chern . Soa . 1952 , 3 8 1 9  - 3822 . 

P REPARED BY : 
H .  L .  Clever 

Salt Effect Parameters 

( l/m2) log ( S 0 /S) 1 ( l/m2) log (x 0/x) 

0 . 153  
0 . 127  
0 . 111 
0 . 102 

0 . 1 6 8  
0 . 14 2  
0 . 126  
0 . 117 

The authors used ( l/c ) log ( S 0/S ) with c defined as g eq salt per kg of 
water . For the 1-1 electrolyte the compiler changed the c to an m for 
m2/mol kg- 1 •  The methane solubility S is cm 3 ( STP ) kg- 1 • 

1 2 1  

The salt effect parameters were calculated from two measurements .  The 
solubility of methane in water , S 0 ,  and in the one molal salt solution , s .  
Only the solubility of the methane in water , and the value of the salt 
effect parameter are given in the paper . The solubility values in the 
salt solution are not given . 

The compiler calculated the values of the salt effect parameter using the 
mole fraction gas solubility ratio . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
The degassed solvent flows in a thin 
film down an absorption helix con
taining the methane gas plus solvent 
vapor at a total pres sure of one 
atmosphere . The volume of gas 
absorbed is measured in an attached 
buret system ( 1 ) . 

S OURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared from Grignard 

reagent . 

( 2 )  Sodium chloride . "AnalaR" 
material . 

( 3 )  Water . No information given . 

ESTIMATED ERROR: 

ok/kg- 1 mol = 0 . 010 

REFERENCES : 
1 .  Morri son , T .  J . ; Billett , F .  

J .  Chern.  Soa .  1948 , 20 3 3 .  



1 22 Aqueous E lectrolyte Solutions 

COMPONENTS : 

1 .  Hethane ; CH4 ; [ 7 4 - 8 2- 8 ]  

2 .  \'later ; H 2 0 ;  [ 7 7 32-18-5]  

3 .  Sodium chloride ; NaC l ;  
[ 76 4 7-14-5 ] 

VARIABLES : 

Concentration , pressure 

EXPERIMENTAL VALUES : 
T/K Cone . /mol 1- 1  

ORIGINAL MEASUREMENTS : 

Duffy , J . R . ; Smith , N . O . ; Nagy , B .  

Geoohim. Cosmoohim . A o ta, 1 9 6 1 ,  24,  
2 3-3 1 .  

PREPARED BY : 

p/HPa 

C . L .  Young 

10 4 Hole fraction 
of methane , 10 4xCH4 

-------------------------------------------------------------------------------

303 . 15 0 . 5  

1 . 0  

2 . 7  

5 . 4  

21 . 4 8  
4 1 . 6 4  
52 . 9 9 
60 . 29 
6 4 . 14 
36 . 6 8 
53 . 7 0 
6 5 . 0 5 
2 3 . 51 
33 . 64 
4 6 . 41 
54 . 11 
7 7 . 21 
77 . 3 1 
2 2 . 29 
32 . 4 2  
38 . 0 0 
4 2 . 05 
57 . 25 
67 . 3 8 
6 9 . 4 1 
71 . 3 3 
95 . 7 5  

2 . 54 
5 . 3 6 
6 . 5 3 
7 .  7 2  
8 . 5 3 
4 . 00 
6 . 22 
6 . 8 2 
1 . 4 1 
2 . 73 
3 . 3 0 
4 . 4 4  
6 . 00 
6 . 3 4 
0 . 7 3 
1 .  2 8  
1 . 11 
1 .  56  
2 . 5 8 
2 . 7 8  
2 . 9 5 
3 . 2 5 
4 . 2 6 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Rocking equilibrium cell . Pressure 1 .  
measured with a Bourdon gauge . Cell 
charged with salt solution ; gas 
admitted to kno\'m pressure cell 2 .  
contents allowed to equilibriate . 
Final pressure measured and used 3 .  
to calculate amount of gas dissolved . 
Details in source ref . 

C . P .  grade . No other details 
given. 

Degassed . 

Reagent grade of known water 
content .  

ESTIMATED ERROR: 

REFERENCES : 



Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane 1 CH4 1 [ 7 4-8 2-8 ]  

( 2 )  Sodium chloride 1 NaCl 1 
[ 7 6 4 7-14-5 ]  

( 3 )  Water1  H20 ;  [ 7 7 3 2-18 -5 ]  

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Mishnina , T .  A . ; Avdeeva , o .  I .  
Bozhovskaya ; T .  K .  

I nf. S b . , Vses . Nauchn-I ss � e d .  
Geo Z .  I ns t .  1962, No . 5 6 ,  137- 4 5 .  

Chern . Abstr.  1964,  6 0 ,  8705g 

Temperature Sodium Chloride Solubility Salt Effect 
Parameter 

cm3 ( STP ) dm- 3 kscc/dm3mol- 1  

4 27 7 . 15 

10 2 8 3 . 15 

20  2 9 3 . 15 

30  3 03 . 15 

50  323 . 15 

7 0  343 . 1 5 

8 0  353 . 15 

9 0  3 6 3 . 15 

0 
1 .  06  
2 . 10 
3 . 08 
4 . 12 
5 . 3 1 

0 
1 .  06  
2 . 10 
3 . 08 
4 . 12 
5 . 3 1 

0 
1 .  0 0  
1 .  7 7  
2 . 6 0 
3 . 9 0 
5 . 3 1 

0 
1 .  04  
2 . 00 
2 . 6 0 
3 . 9 0 
5 . 3 1 

0 
1 .  02  
1 .  98  
2 . 8 0 
3 . 9 0 
5 . 3 1 

0 
1 .  02  
1 .  98  
3 . 9 5 
5 . 3 1 

0 
1 .  02  
2 . 12 
3 . 2 8 
5 . 3 1 

0 
1 . 0 6 
2 . 10 
3 . 08 
5 . 3 1 

50 . 6  
34 . 1  
23 . 7  
16 . 2  
10 . 4  

6 . 7  

4 3 . 8  
3 0 . 4  
2 0 . 6  
14 . 6  
10 . 1  

6 . 3  

3 3 . 9  
2 4 . 7  
18 . 6  
13 . 9  

9 . 1  
5 . 7  

2 8 . 5  
2 0 . 6  
15 . 3  
12 . 4  

8 . 3  
5 . 4  

23 . 4  
17 . 2  
1 2 . 7 
10 . 1  

7 . 2  
4 . 8  

2 0 . 7  
15 . 3  
11 . 9  

6 . 7  
4 . 4  

2 0 . 4  
15 . 7  
1 1 . 8 

9 . 0  
5 . 4  

2 2 . 1  
17 . 0  
13 . 2  

9 . 9  
5 . 6  

0 . 162 
0 . 157 
0 . 161  
0 . 1 67  
0 . 16 5  
0 . 1 62 av . 

0 . 150 
0 . 156 
0 . 155  
0 . 155 
0 . 162  
0 . 155  av . 

0 . 138 
0 . 14 8  
0 . 14 9  
0 . 14 7  
0 . 14 5  
0 . 1 4 5  av . 

0 . 13 5  
0 . 13 5  
0 . 139  
0 . 1 3 7  
0 . 135  
0 . 13 6  av . 

0 . 131  
0 . 134  
0 . 13 0  
0 . 131  
0 . 12 9  
0 . 13 1  av . 

0 . 12 9  
0 . 121 
0 . 121 
0 . 12 6  
0 ; 124 av . 

0 . 111 
0 . 112 
0 . 108 
0 . 108  
0 . 110 av . 

0 . 108 
0 . 107  
0 . 113 
0 . 1 11 
0 . 110  av . 

1 23 



1 24 Aqueous Electrolyte Sol utions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Sodium chloride ; NaCl ; 
[ 7 647-14- 5 ]  

( 3 )  Water ; H2o; [ 77 32-18 - 5 ]  

VARIABLES : T /K = 
P1 /kPa = 

a 2/mol dm- 3 = 

EXPERIMENTAL VALUES : 

277 . 15 - 3 6 3 . 1 5 
10 1 . 3 

0 - 5 . 3 1 

See preceeding page . 

Mishnina , T .  A . ; Avdeeva , 0 .  I .  
Bozhovskaya , T .  K .  

I n f. S b . , Vses . Na uahn-I ss 'led .  
Geo L I ns t .  1962,  No . 5 6 ,  137- 4 5 .  

Chem . Abs tr .  1 9 6 4 ,  6 0 ,  8 7 0 5g .  
PREPARED BY : 

H .  L .  Clever 

The values at 5 0 ,  7 0 ,  8 0 ,  and 90 C were first published in the authors ' 
earlier paper ( 1 ) . In ( 1 )  the description of the table says "methane 
solubility in solutions of sodium chloride at various temperatures and 
atmospheric pressure above the solution . 

Reference ( 1 ) also gives a table of smoothed values . The exoerimental 
values are about 7 percent greater than the smoothed values: and the 
salt effect parameter values are about 2 0  percent larger than the smoothec 
values . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

See authors ' earlier paper ( 1 ) . 

COMMENTS : 

The compiler estimated the values 
of the solubility of methane in water 
from a figure in the paper and values 
of the salt effect parameter . The 
other values were tabulated in the 
paper . 

The methane solubility is e�uivalen 
to the Bunsen coefficient , 10 a/cm 3 
(STP ) cm- 3 atm- 1 • 

The Kelven temperature values were 
added by the compiler . 

SOURCE AND PURITY OF MATERIALS : 

( 1 ) Methane . Source not given . 
Stated to contain one percent 
air . 

( 2 )  Sodium chloride . 

( 3 )  Water . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1  

REFERENCES : 

± 0 . 5  at 5 0  ° C and 
above . 

1 .  Mishnina , T .  A . ; Avdeeva , 0 .  I . ;  
Bozhovskaya , T .  K .  

Materia'ly Vses . Nauahn . I ss 'led .  
Geo L  I ns t .  1961, 4 6 ,  9 3 .  



Aqueous E lectrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Hethane ; CH4 ; [ 7 4-82-8 ]  O ' Sullivan , T . D . ; Smith , N . O .  

2 .  Water ; H 20 ;  [ 7 732-18- 5 ]  J .  Phys . Chem . J 1970, 7 4 , 14 6 0-1466  

3 .  Sodium chloride ; NaC l ;  [ 7 647-14-� 

VARIABLES : PREPARED BY : 
Temperature , pres sure , concentration C . L .  Young 

EXPERIMENTAL VALUES : 

T/K Conc . /mol 1- 1 

324 . 6 5 1 .  000 

37 5 . 6 5 

39 8 . 15 

324 . 65 4 . 0 0 0  

P/HPa 

10 . 13 
20 . 26 
3 0 . 4 0  
40 . 5 3 
50 . 6 6 
6 0 . 7 9  

2 0 . 37 
30 . 6 0 
40 . 83 
50 . 9 7 
6 1 . 20  

10 . 4 4 
20 . 67 
30 . 9 0 
4 1 . 04 
51 . 3 7 
6 1 . 61 

2 0 . 2 6 
30 . 4 0 
4 0 . 5 3 
50 . 6 6 
60 . 7 9  

10 3 Mole frac tion o f  methane in 
li7uid , 
10  xCH4 

1 . 07 6  
1 .  6 9 5  
2 . 13 8  
2 . 5 0 
2 . 7 9 
3 . 0 7 

1 .  6 9 3  
2 . 219 
2 . 5 7 
2 . 89 
3 . 2 0 

1 .  0 5 8  
1 .  7 5 2  
2 . 223 
2 . 6 0  
2 . 9 4 
3 . 2 5 

0 . 805  
0 . 9 97  
1 . 1 54 
1. 3 0 3  
1 . 4 4 4  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Large steel stirred equilibrium 
cell . Pressure measured wi th 
Bourdon gauge . Temperature 
measured with iron-cons tantan 
thermocouple.  Cell charged with 
liquid , compressed gas added . 
After equilibrium obtained samples 
removed and analysed us ing volumet
ric techniques . Details in ref . 
( 1 )  • 

SOURCE AND PURI TY OF MATERI ALS : 

1 .  Matheson Co . samp le purity 
9 9 . 9 5 mole per cent . 

2 .  Dis tilled and de-ionised air 
removed . 

3 .  Baker analysed reagent dried 
at 3 8 8K.  

ESTIMATED ERROR: 
oT/K = ± 0 . 5 ; oP/HPa = ± 0 . 0 5% ; 
oxCH4 = ± 0 . 4 % 

REFERENCES : 

1 .  O ' Sullivan , T . D . ; Smith , N . O .  

1 25 

Geoa him . Cosmo ahim . A a ta, 1966,  
30,  617 . 



1 26 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH � ; [ 74 - 8 2- 8 ]  
2 .  Water ; H 2 0 ;  [ 7 7 32-18-5]  
3 .  Sodium chloride ; NaC l ;  [ 7 6 4 7-14 - 5 ]  

EXPERIMENTAL VALUES : 

T/K Cone . /mol 1- 1 

3 7 5 . 6 5 4 . 00 0  

39 8 . 1 5 

' P/MPa 

20 . 37 
30 . 6 0 
4 0 . 8 3 
50 . 9 7 
6 1 . 20 

2 0 . 67 
3 0 . 9 0 
41 . 04 
51 . 3 7 
61 . 6 1 

ORIGINAL MEASUREMENTS : 

O ' Sullivan , T . D . ; Smith , N . O .  

J .  Phy s . Chem . 1970, 74 ,  1 4 6 0-14 6 6 .  

10 3 Mole fraction o f  methane 
in liquid , 10 3 xCH� 

0 . 82 6  
l .  0 7 9  
1 . 211 
l.  319  
l .  4 3 3  

0 . 825  
1 . 0 05  
1 . 164  
l .  322  
1 . 4 3 8  



Aqueous Electrolyte Sol utions 1 27 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ] 
2 .  Sodium chloride ; NaCl ; 

[ 7 6 4 7-14-5]  
3 .  Water ; H2 0 ;  [ 7 7 32-18-5 ]  

VARIABLES : 

Temperature , concentration 

EXPERIMENTAL VALUES : 

T/K 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 
2 8 3 . 15 
2 88 . 15 
2 9 3 . 15 
2 9 8 . 15 
30 3 . 15 

* 

Cone . of 
salt 

/mol 2 - 1  

0 . 2 5 

0 . 5 0 

Ostwald * 
coefficient , 

L 

0 . 04 0 4 7  
0 . 0 3 6 7 9  
0 . 0 3 375  
0 . 03123  
0 . 02914  
0 . 0 3 7 0 0  
0 . 0 3 3 7 4  
0 . 0 3108  
0 . 0 2 8 9 0  
0 . 02711 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . ; Yaacobi , M .  
J , Phys . Chern . 

19 74 , '1 8 ,  170-5 . 

PREPARED BY : 

T/K 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 
2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 

c . L .  Young 

Cone . of 
salt 

/mol C 1  

1 . 0  

2 . 0  

Ostwald * 
coefficient , 

L 

0 . 0 3 0 4 8  
0 . 0 2 8 0 0  
0 . 0 2 5 94 
0 . 0 2 4 2 4  
0 . 0 2 2 8 5  
0 . 02123  
o .  01977  
0 . 0 1 8 6 0  
0 . 01 7 6 5  
0 . 01691  

Smoothed values of Ostwald coefficient obtained from 

kT ln L = 8 , 6 7 7 . 1  - 5 6 . 4 0 5  {T/K) + 0 . 0 6 8 4 6  {T/K) 2 cal mol- 1 

kT ln L = 9 , 3 92 . 2  - 6 1 . 966  {T/K) + 0 . 0 7 8 5 5  {T/K) 2 cal mol- 1 

kT ln L = 8 , 64 5 . 6  - 57 . 8 8 5  {T/K) + 0 . 0 7 2 0 9  {T/K) 2 cal mol- 1 

kT ln L = 9 , 32 7 . 1  - 64 . 96 4  {T/K) + 0 . 0 8 6 0 5  {T/K) 2 cal mol- 1 

{where k is  in units of cal mol- 1 K- t ) for concentrations of 0 . 2 5 ,  0 . 50 ,  
1 .  0 and 2 . 0  mol 2- 1 ,  respectively . 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer { 1 )  
and Wen and Hung { 2 ) . It consists 
of three main parts , a dissolution 
cell of 3 0 0  to 6 0 0  cm 3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cel l ,  the gas is 
introduced and dissolved while the 
liquid is  kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mole per cent . 

2 .  AR grade . 

3 .  Deionised , doubly distilled . 

ESTIMATED ERROR: 

o T/K = ± 0 . 01 ;  oL/L = ± 0 . 0 0 5  
{estimated by compiler) .  

REFERENCES : 

1 .  Ben-Naim, A . ; Baer , s .  
Trans . Faraday Boa .  196 3 ,  59 , 
2 7 3 5 .  

2 .  Wen , W . -Y . ; Hung , J .  H .  
J .  Phys . Chern . 197 0 ,  '1 4 , 1 7 0 . 



1 28 Aqueous Electrolyte Sol utions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  Sodium chloride ; NaCl ; 
[ 7 6 4 7-14- 5 ]  

( 3 )  Water ; H20 ;  [ 77 3 2-18- 5 ]  

VARIABLES : 
T/K = 2 9 8 . 15 

p 1/kPa = 101 . 3 2 5  
az/mol dm- 3 = 0 - 1 . 500  

EXPERIMENTAL VALUES : 

Temperature Sodium 
Chloride 

ORIGINAL MEASUREMENTS : 

Yano , T . ; Suetaka , T . ;  Umehara , T . ; 
Horiuchi , A .  

Kagaku Kogaku 1974 , 3 8 ,  3 2 0- 3 .  

PREPARED BY : 

Methane 

H .  L .  Clever 
c .  L .  Young 

Salt Effect 
Parameter Solubility 

t/ ° C T/K a 2/mol dm- 3 l0 3 a 1/mol dm- 3 kscc/dm 3 mol- 1  

--

2 5  2 9 8 . 15 0 1 .  31  -
0 . 50 0  1 . 1 5 0 . 113 
1.  000 0 . 9 3 5  0 . 14 6  
1 .  500  0 . 74 5  0 . 16 3 

0 . 149  (authors ) 

kscc/dm3 mol- 1 = ( 1/ (a z/mol dm- 3 ) )  log ( ( a � /mol dm- 3 ) / ( a 1/mol dm- 3 ) )  

The compiler added the salt effect parameter values at the 
individual salt concentrations . 

The authors defined the salt effect parameter in terms of the 
electrolyte ionic strength . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Volumetric apparatus . Salt 
solution allowed to enter stirred 
absorption chamber .  Pressure 
within absorption chamber adj usted 
to be as near atmospheric pressure 
as possible . 
and ref . 1 .  

Details in source 

SOURCE AND PURITY OF MATERIALS : 

1 .  High purity sample , purity 
better than 99 . 5  mole per cent . 

2 .  Special grade . 

3 .  Distil led . 

ESTIMATED ERROR� 

REFERENCES : 

1 .  Yano , T . ; Suetaka , T . ;  
Umehara , T .  
Nippon Kagaku Kaiahi 
19 72 , 1 1 , 2194 . 



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 74-82-8 ] Namiot , A. Yu . ; Skripka , v. G .  
Ashmyan , K .  · D .  

( 2 )  Sodium chloride ; NaCl ; [ 7 6 4 7-14-5 
Geokhimiya 1 9 7 9 ,  ( 1 ) ,  147-9 . 

( 3 )  Water;  H
2o ;  [ 7 7 32-18-5 ] 

VARIABLES :  T/K = 323  - 6 2 3  P REPARED BY : 
P t/MPa = 2 9 . 5  H .  L .  Clever 

a2;mol dm- 3  = 0 - 1 . 11 

EXPERIMENTAL VALUES : 

Temperature Sodium Methane Solubility Salt Effect 
Chloride Parameter 

t/ ° C T/K a 2;mol dm- 3 s 1;cm 3 (STP) g- 1 
k /dm3 mol- 1 

sax --- ---
5 0  323  0 . 0  3 . 5 9 

1 . 00 2 . 8 0 0 . 10 8  

1 0 0  373 0 . 0  3 . 6 6 
1 .  00  2 . 8 1 0 . 114 

150  4 2 3  0 . 0  4 . 7 6 
1 .  0 0  3 . 7 9 0 . 09 8  

2 0 0  4 7 3  0 . 0  7 . 8 3 
1 . 00 6 . 4 8 0 . 0 8 4  

2 5 0  523 0 . 0  12 . 6 8 
1 . 02 8 . 9 5  0 . 1 34 

3 0 0  5 7 3  0 . 0  21 . 7 8 
1 . 0 8 13 . 58 0 . 2 05 

3 5 0  6 2 3  0 . 0  31 . 9 7 
1 . 11 1 6 . 6 6 0 . 2 9 5  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

See earlier paper on methane + 
water system ( 1 , 2 ) . 

The salt effect parameter was 
calculated from a Henry ' s  constant 
ratio which included the fugacity 
of methane . The fugacity ratio was 
corrected for the amount of water 
in pure water and in the salt solu-

SOURCE AND PURITY OF MATERI ALS : 

( 1 )  Methane . Stated to be 9 9 . 9  
percent . 

( 2 )  Sodium chloride . 

( 3 )  Water . Distilled . 

1 29 

tion . The correction is  very import �������
----------------------� ant at temperatures o f  5 2 3  K and ESTIMATED ERROR: 

above . oT/K = ± 0 . 1  
op t/MPa = ± 0 . 15 

REFERENCES : 
1 .  Sultanov , R .  G . ; Skripka , V .  G . ;  

Namiot , A .  Yu . 
Gaz o v .  Pro m. 1972,  1 7 ( 5 ) ,  6-7 . 

2 .  Sultanov , R .  G�kripka , v .  G . ; 
Namiot ,  A .  Yu . 
Z h .  Fiz .  Khi m .  1 9 7 2 ,  4 6 ,  2160 . 



1 30 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 : [ 74 - 8 2 - 8 ]  Blount,  c .  W . ; Price , L .  C . ; 

2 .  Sodium chloride ; NaCl ; Wenger ,  L .  M . ; Tarullo , M .  

[ 76 4 7-14-5]  DOE Contract report DE-A5 08-

3 .  Water ; H2 0 ;  [ 7 7  32-18- 5 ]  7 8ET1214 5 .  

VARIABLES :  P REPARED BY : 
Temperature , pressure , 

concentration of component 2 .  c . L .  Young 

EXPERIMENTAL VALUES : 

Cone . of Methane Mole 
NaCl solubi li�i fraction 

T/°F T/K P/psi P/MPa /g dm- 3 /mol kg xCH 4 

212 . 36 3 7 3 . 35 2 2 3 6 5  154 . 2  0 . 0  0 . 3 5 6 3  0 . 0 0 6 3 8  
212 . 3 6 3 7 3 . 35 2 2 3 6 4  154 . 2  0 . 0  0 . 3 6 3 6  0 . 0 0651  
212 . 36 3 7 3 . 35 2 2 3 3 6  154 . 0  0 . 0  0 . 3 8 3 3  0 . 0 0 6 8 6  
211 . 10 3 7 2 . 6 5 19102 131 . 7  0 . 0  0 . 3556  0 . 0 0 6 3 6  
2 11 . 10 372 . 6 5 19102 131 . 7  0 . 0  0 . 3 4 8 3  0 . 0 0 6 2 3  
2 11 . 10 372 . 65 19102 131 . 7  0 . 0  0 . 3505  0 . 0 0 6 2 7  
211 . 10 372 . 6 5 19102  131 . 7  0 . 0  0 . 3 6 3 6  0 . 0 0 6 5 1  
2 11 . 10 372 . 65 19102 131 . 7  0 . 0  0 . 3 6 0 0  0 . 0 0 6 4 4  
212 . 36 3 7 3 . 35 1 6 0 2 7  110 . 5  0 . 0  0 . 3169  0 . 0 0 5 6 8  
212 . 36 3 7 3 . 35 16027  110 . 5  0 . 0  0 . 31 8 3  0 . 0 0 5 7 0  
212 . 36 3 7 3 . 35 16085  110 . 9  0 . 0  0 . 3 3 2 2  0 . 00595  
212 . 3 6 3 7 3 . 35 1 6 0 8 5  110 . 9  0 . 0  0 . 3154  0 . 0 0 5 6 5  
212 . 0 0  3 7 3 . 15 16128  111 . 2  0 . 0  0 . 3242  0 . 0 0 5 8 1  
2 12 . 0 0 37 3 . 15 16128  111 . 2  0 . 0  0 . 3 3 0 0  0 . 0 0 5 9 1  
2 1 3 . 8 0 3 7 4 . 15 13169  9 0 . 8  0 . 0  0 . 2 9 8 6  0 . 0 05 35 
2 1 3 . 80 374 . 15 13169  9 0 . 8  0 . 0  0 . 2 9 9 4  0 . 0 0 5 3 6  
212 . 00 3 7 3 . 15 1 0 2 4 0  7 0 . 6  0 . 0  0 . 2 5 8 5  0 . 0 0 4 6 3  
212 . 0 0 373 . 15 1 0 2 4 0  7 0 . 6  o . o  0 . 2 5 9 2  0 . 0 0 4 6 5  
212 . 36 373 . 35 7107  4 9 . 0  o . o  0 . 2 2 2 7  0 . 0 0 4 0 0  
2 12 . 36 3 7 3 . 35  5004  34 . 5  0 . 0  0 . 1 8 8 4  0 . 0 0 338  
212 . 36 3 7 3 . 35 5 0 0 4  34 . 5  0 . 0  0 . 1 7 7 4  0 . 0 0 3 1 9  
2 12 . 36 373 . 35 3524  2 4 . 3  0 . 0  0 . 1 4 3 8  0 . 0 0 2 5 8  
2 12 . 36 3 7 3 . 35  3 5 2 4  2 4 . 3  0 . 0  0 . 1365  0 . 0 0 2 4 5  

(cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Teflon-lined stainless steel equi
librium cell . Methane added to 
saline solution under pressure . 
Cell equilibrated over a period of up 
to two days . Samples of solution 

SOURCE AND PURITY OF MATERIALS : 

1 .  Purity 9 9 . 99 mole per cent . 

2 .  Reagent grade . 

3 .  Distilled . 

ESTIMATED ERROR: 

o T/K = ± 2 ; o P/MPa = ± 0 . 3 ;  
ox/x = ± 0 . 05 .  

taken while additional methane was 
being added to cell to keep the 
pressure constant . Sample sizes 
varied from 3 to 10  ml . Weight of 
sample measured and methane dis
solved determined by volumetric 
method . Details in ref .  ( 1 )  and ( 2 )  • REFERENCES : 

1 .  Price , L .  c .  Am . Aaa . Petr .  Geo l .  
19 7 9 , 8 3 , 152 7 .  

2 .  Blount , c . W. ; Price , L .  C . ; 
Wenger ,  L .  M . ; Tarullo , M .  
Proa .  u . s .  Gu lf Coast  Geo
preeeured Geo therm . Energy Conf. 
1 9 8 0 , 4 ,  12 25 . 



Aqueous Electrolyte Solutions 1 31 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ] Blount , c .  W . ·; Price , L . C . ; 

2 .  Sodium chloride ; NaCl ; Wenger ,  L .  M . ; Tarullo , M.  

[ 7 6 47 -14-5 ] DOE Contract report DE-A50 8-

3 .  Water ; H20;  [ 7 7 32-18-5 ] 7 8ET12 145 . 

EXPERIMENTAL VALUES :  
Cone . of Methane 

NaCl solubiliti Mole 
T/°F  T/K P/psi P/MPa /g dm- 3 /mol kg- fraction 

xCH 4 

212 . 36 37 3 . 35 2176  15 . 0  0 . 0  0 . 1081  0 . 00194  
212 . 36 373 . 3 5 2176  15 . 0  0 . 0  0 . 1095  0 . 00197  
213 . 35 373 . 9 0 2 2 5 3 9  155 . 4  3 . 1 9 0 . 35 3 3  0 . 0 0 6 32 
213 . 35 373 . 9 0 19000  131 . 0  3 . 1 9 0 . 3 4 8 9  0 . 0 0 6 2 4  
21 3 . 35 373 . 9 0 1 9 0 0 0  131 . 0  3 . 19 0 . 3366  0 . 0 0 6 02 
212 . 4 5 37 3 . 4 0 16056  110 . 7  3 . 1 9 0 . 3074  0 . 0 0 5 5 0  
212 . 4 5  373 . 4 0 16056  110 . 7  3 . 1 9 0 . 3133  0 . 0 0 561  
2 12 . 4 5 373 . 4 0 13227 91 . 2  3 . 1 9 0 . 2 84 8  0 . 00510  
212 . 4 5 373 . 4 0 13227  91 . 2  3 . 1 9 0 . 2 8 56 0 .  00511 
212 . 4 5 373 . 4 0 1 0 0 0 8  6 9 . 0  3 . 1 9 0 . 2462  0 . 0 0 4 4 1  
212 . 4 5 373 . 4 0 10008  6 9 . 0  3 . 1 9 0 . 2 331 0 . 00418  
213 . 35 373 . 9 0 7 0 6 3  4 8 . 7  3 . 1 9 0 . 2215 0 . 00397  
213 . 3 5 373 . 9 0 5105  35 . 2  3 . 1 9 0 . 1719  0 . 00308  
213 . 35 37 3 . 9 0 5105  35 . 2  3 . 1 9 0 . 1719  0 . 0 0 3 0 8  
2 12 . 9 0 373 . 6 5 3 6 4 0  2 5 . 1  3 . 1 9 0 . 1377  0 . 0024 7 
2 12 . 9 0 373 . 6 5 3 6 4 0  25 . 1  3 . 1 9 0 . 14 6 4  0 . 0 0 2 6 3  
2 12 . 9 0 37 3 . 6 5 2 1 4 7  14 . 8  3 . 1 9 0 . 12 0 9  0 . 00217  
2 12 . 9 0 373 . 6 5 2147  14 . 8  3 . 1 9 0 . 0 9 9 8  0 . 0 0179  
212 . 9 0 373 . 6 5 2219  15 . 3  3 . 1 9 0 . 1034  0 . 00186  
212 . 9 0 373 . 6 5 2 2 19 15 . 3  3 . 1 9 0 . 11 0 0  0 . 0 01 9 8  
212 . 4 5 373 . 4 0 19421  133 . 9  51 . 1  0 . 2682  0 . 0 0 4 7 3  
212 . 4 5 37 3 . 4 0 19421  133 . 9  5 1 . 1 0 . 2 4 9 1  0 . 0 0 4 4 0  
2 12 . 0 0 373 . 15 19421  133 . 9  51 . 1  0 . 2534  0 . 0 0 4 4 7  
2 12 . 0 0 3 7 3 . 1 5 19421  133 . 9  51 . 1  0 . 2654  0 . 0 0 4 6 8  
212 . 0 0 373 . 15 16027  110 . 5  5 1 . 1  0 . 2357  0 . 00416  
212 . 00 373 . 15 13111 90 . 4  5 1 . 1  0 . 2 2 8 0  0 . 0 0 4 02 
2 12 . 0 0 373 . 1 5 13111 90 . 4  5 1 . 1  0 . 2 3 0 1  0 . 0 0 4 0 6  
212 . 0 0 373 . 15 13111 90 . 4  5 1 . 1  0 . 2 322 0 . 00410  
2 11 . 5 5 372 . 9 0 10182  7 0 . 2  51 . 1  0 . 2011 0 . 00355  
211 . 5 5 372 . 9 0 10182 7 0 . 2  51 . 1  0 . 1842 0 . 0 0325 
2 11 . 1 0 372 . 65 722 3 4 9 . 8  51 . 1  0 . 1 6 8 7  0 . 00298  
211 . 1 0  372 . 6 5 7223  4 9 . 8  5 1 . 1  0 . 1701 0 . 0 03 0 1  
212 . 0 0 37 3 . 15 5 0 3 3  34 . 7  5 1 . 1  0 . 1454  0 . 0 02 5 7  
212 . 00 373 . 1 5 5 0 3 3  34 . 7  5 1 . 1  0 . 1461  0 . 0 0 2 5 8  
212 . 00 373 . 15 3597  2 4 . 8  51 . 1  0 . 12 0 0  0 . 00212 
212 . 0 0 37 3 . 1 5 3597  2 4 . 8  5 1 . 1  0 . 12 2 8  0 . 00217  
213 . 8 0 374 . 1 5 16186  111 . 6  106 . 0  0 . 19 6 0  0 . 0 0 3 4 0  
213 . 8 0 374 . 1 5 13213  9 1 . 1  106 . 0  0 . 1735  0 . 0 0 3 01 
213 . 80 374 . 1 5 13213  9 1 . 1  106 . 0  0 . 1755 0 . 0 0 305 
212 . 00 373 . 15 22510  155 . 2  106 . 5  0 . 2 3 4 9  0 . 0 0 4 0 7  
212 . 00 373 . 15 22510  155 . 2  106 . 5  0 . 2 3 0 8  0 . 0 0 4 0 0  
212 . 00 373 . 15 22510  155 . 2  10 6 . 5  0 . 2 3 2 9  0 . 0 0 4 0 4  
212 . 0 0 37 3 . 15 22510  155 . 2  106 . 5  0 . 2 3 0 8  0 . 0 0 4 0 0  
2 12 . 0 0 373 . 1 5 2 2 3 9 4  154 . 4  1 0 6 . 5  0 . 2 36 2 6  0 . 0 0 4 0 1  
212 . 00 373 . 15 2 2 3 9 4  154 . 4  1 06 . 5  0 . 2 3 8 3 1  0 . 00413  
2 12 . 9 0 373 . 6 5 1 9 0 4 3  131 . 3  106 . 5  0 . 21919  0 . 0 0 3 8 0  
212 . 90 373 . 6 5 1 9 0 4 3  131 . 3  106 . 5  0 . 21646  0 . 0 03 7 5  
2 12 . 36 373 . 35 15360  105 . 9  106 . 5  0 . 2 0 0 0 7  0 . 0 0 3 47 
212 . 3 6 37 3 . 3 5 15360  10 5 . 9  106 . 5  0 . 2 0 4 8 5  0 . 0 0 355 
212 . 9 0 37 3 . 6 5 152 73 105 . 3  1 0 6 . 5  0 . 19529  0 . 0 0 3 3 9  
2 12 . 9 0 373 . 6 5 15273  105 . 3  106 . 5  0 . 2 0 0 7 6  0 . 0 0 3 4 8  
212 . 90 37 3 . 6 5 13242 91 . 3  106 . 5  0 . 17617  0 . 0 0 3 0 6  
2 12 . 9 0 373 . 6 5 13242  91 . 3  106 . 5  0 . 17822  0 . 0 0 3 0 9  
212 . 9 0 373 . 6 5 1 2 9 0 8  8 9 . 0  1 0 6 . 5  0 . 1 7 9 5 9  0 . 0 0 312 
212 . 9 0 373 . 6 5 1 2 9 0 8  8 9 . 0  1 0 6 . 5  0 . 18505  0 . 00321  
212 . 0 0 37 3 . 15 10182  7 0 . 2  106 . 5  0 . 1 6 4 5 7  0 . 00286  

( cont . )  



1 32 Aqueous Electrolyte Sol utions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4 - 8 2 - 8 ]  Blount , c .  w. ; Price , L .  c . ;  

2 .  Sodium chloride ; NaCl ; Wenger , L .  M . ; Tarullo , M .  
[ 76 4 7-14-5 ] DOE Contract report DE-A5 0 8 -

3 .  Water ; H2 0 ;  [ 7 7 32-18-5]  78ET1214 5 .  

EXPERIMENTAL VALUES :  
Cone . of Methane Mole 

Tj OF T/K P/psi P/MPa NaCl solubilitr fraction 
/g dm- 3 /mol kg- xCH � 

212 . 0 0 3 7 3 . 15 10182  7 0 . 2  106 . 5  0 . 16 1 8 3  0 . 0 0 2 8 1  
212 . 00 373 . 15 10095  6 9 . 6  10 6 . 5  0 . 14 89 0 . 0 0 2 5 8  
212 . 0 0 373 . 15 10095  6 9 . 6  106 . 5  0 . 1550 0 . 0 0 2 6 9  
212 . 9 0 37 3 . 6 5 7165  49 . 4  106 . 5  0 . 14 0 7  0 . 0 0 2 4 4  
212 . 9 0 37 3 . 6 5 7165  4 9 . 4  106 . 5  0 . 12 8 4  0 . 0 0 2 2 3  
212 . 9 0 3 7 3 . 6 5  7 0 7 8  4 8 . 8  106 . 5  0 . 1338  0 . 0 0 2 3 2  
212 . 9 0 373 . 6 5 7 0 7 8  4 8 . 8  106 . 5  0 . 1359 0 . 0 0 2 3 6  
212 . 36 373 . 35 5163  35 . 6  104 . 0  0 . 12 4 5  0 . 00216  
212 . 36 373 . 35 5163  35 . 6  104 . 0  0 . 1197 0 . 0 0 2 0 8  
212 . 36 3 7 3 . 35 5120  35 . 6  10 5 . 0  0 . 1 0 8 0  o .  0 0 1 8 8  
212 . 36 373 . 35 5120 35 . 3  105 . 0  0 . 12 3 0  0 . 00214  
212 . 9 0 373 . 6 5 3 6 6 9  35 . 3  105 . 0  0 . 0 9 3 6  0 . 00163  
212 . 00 3 73 . 15 3 6 9 8  25 . 5  105 . 0  0 . 0 9 7 7  0 . 0 0 1 7 0  
212 . 3 6 37 3 . 35 3 6 4 0  25 . 1  105 . 0  0 . 0916  0 . 00159  
212 . 36 373 . 3 5 3 6 4 0  2 5 . 1  105 . 0  0 . 0 8 8 9  0 . 00154  
212 . 0 0 373 . 15 2 0 6 0  14 . 2  105 . 0  0 . 0 6 6 3  0 .  0 0 115 
212 . 0 0 3 7 3 . 15 2 0 6 0  14 . 2  10 5 . 0  0 . 0 6 2 2  0 . 00108  
211 . 55 3 72 . 9 0 2 1 8 4 3  15 0 . 6  166 . 3  0 . 17 7 2  0 . 0 0 3 0 1  
211 . 5 5 372 . 9 0 2 1 8 4 3  150 . 6  166 . 3  0 . 1726  0 . 0 0 2 9 3  
211 . 1 0 372 . 6 5 22104  152 . 4  166 . 3  0 . 1 8 0 6  0 . 0 0 3 0 7  
211 . 10 372 . 6 5 1 9 0 8 7  1 3 1 . 6 16 6 . 3  0 . 1620  0 . 0 0 2 7 6  
211 . 10 372 . 6 5 19087  131 . 6  166 . 3  0 . 1614  0 . 0 0 2 7 4  
210 . 6 5 372 . 4 0 16157 111 . 4  166 . 3  0 . 15 2 8  0 . 0 0 2 6 0  
211 . 55 372 . 9 0 13314  91 . 8  166 . 3  0 . 1 3 4 3  0 . 0 0 2 2 8  
211 . 55 372 . 9 0 13314  91 . 8  166 . 3  0 . 1369  0 . 0 0 2 3 3  
211 . 5 5 372 . 9 0 13198  91 . 0  163 . 5  0 . 14 9 7  0 . 0 0 2 5 5  
211 . 5 5 372 . 9 0 13198  91 . 0  1 6 3 . 5  0 . 1358  0 . 0 0 2 3 1  
211 . 5 5 372 . 9 0 13373  92 . 2  1 6 3 . 5  0 . 1 4 9 7  0 . 00255  
211 . 5 5 3 72 . 9 0 1 3 3 7 3  92 . 2  16 3 . 5  0 . 1411  0 . 0 0 2 4 0  
210 . 6 5 3 72 . 4 0 9 9 9 3  6 8 . 9  164 . 6  0 . 1165  0 . 00198  
210 . 6 5 372 . 4 0 9 9 9 3  6 8 . 9  16 4 . 6  0 . 1198  0 . 0 0 2 0 4  
212 . 00 373 . 15 9 8 34 6 7 . 8  163 . 5  0 . 13 5 8  0 . 0 0 2 3 1  
212 . 0 0 373 . 15 9 8 3 4  6 7 . 8  163 . 5  0 . 1166  0 . 00199  
212 . 4 5 3 7 3 . 4 0  9935  6 8 . 5  163 . 5  0 . 1159 0 . 00197  
212 . 4 5 3 7 3 . 4 0  9 9 35 6 8 . 5  163 . 5  0 . 1311 0 . 0 0 2 2 3  
2 10 . 9 2 372 . 5 5 7 2 0 8  4 9 . 7  164 . 6  0 . 1019 0 . 00174  
2 0 9 . 7 5 371 . 9 0 7107  49 . 0  163 . 5  0 . 11 4 6  0 . 00195  
2 0 9 . 75 371 . 9 0 7107  49 . 0  16 3 . 5  0 . 1099  0 . 00187  
2 0 9 . 75 3 71 . 9 0 7107  4 9 . 0  163 . 5  0 . 1126  0 . 00192  
2 09 . 75 371 . 9 0 7107  4 9 . 0 16 3 . 5  0 . 1126 0 . 00192  
211 . 55 372 . 9 0 7 0 34 4 8 . 5  163 . 5  0 . 10 8 6  0 . 00185  
211 . 5 5 372 . 9 0 7 0 34 4 8 . 5  16 3 . 5  0 . 10 6 0  0 . 0 0 1 8 1  
211 . 55 372 . 9 0 5018  34 . 6  163 . 5  0 . 0 9 6 0  0 . 0 0 1 6 4  
211 . 5 5 372 . 9 0 5018  34 . 6  163 . 5  0 . 0 9 6 0  0 . 00164  
210 . 92 372 . 55 3205  2 2 . 1  1 6 3 . 5  0 . 0656  0 . 00112 
210 . 92 372 . 5 5 3205  2 2 . 1  163 . 5  0 . 0 6 4 2  0 . 00110  
211 . 10 372 . 65 1915 13 . 2  1 6 3 . 5  0 . 0 5 7 0  0 . 0 0 0 9 7  
211 . 10 372 . 6 5 1915 13 . 2  163 . 5  0 . 0 5 6 3  0 . 0 0 0 9 6  
211 . 10 372 . 6 5 1973  13 . 6  163 . 5  0 . 05 7 0  0 .  0 0 0 9 7  
211 . 10 372 . 6 5 1973  13 . 6  163 . 5  0 . 05 7 0  o .  0 0 0 9 7  
211 . 55 372 . 9 0 2 2 4 6 6  154 . 9  2 2 7 . 6  0 . 1149  0 . 00191 
211 . 5 5 372 . 9 0 2 2 4 6 6  154 . 9  2 2 7 . 6  0 . 1194 0 . 00199  
211 . 5 5 372 . 9 0 2 2 4 6 6  154 . 9  2 2 7 . 6  0 . 1342  0 . 0 0 2 2 3  
2 11 . 5 5 372 . 9 0 2 2 4 6 6  154 . 9  227 . 6  0 . 12 5 8  0 . 0 0 2 1 0  
211 . 55 372 . 90 2 2 4 3 7  154 . 7  2 2 7 . 6  0 . 1329  0 . 0 0 2 2 1  
211 . 5 5 372 . 9 0 2 2 4 3 7  154 . 7  2 2 7 . 6  0 . 1246  0 . 0 0 2 0 7  
211 . 55 372 . 9 0 174 6 3  120 . 4  2 2 7 . 6  0 . 1169  0 . 00195  

(cont . )  



Aqueous Electrolyte Solutions 1 33 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH� :  [ 7 4-82-8 ]  Blount , c .  W. :. Price , L. C .  : 

2 .  Sodium chloride : NaCl : Wenger ,  L .  M .  : Tarullo , M. 

[ 7 6 47 -14-5 ] DOE Contract report DE-A5 08-

3 .  Water:  H 2 0 :  [ 7 7 32-1 8-5 ] 7 8ET12 1 4 5 .  

EXPERIMENTAL VALUES :  
Cone . of Methane Mole 

T/ °F T/K P/psi P/MPa NaCl solubili:!:y fraction 
/g dm- 3 /mol kg xCH � 

211 . 5 5 37 2 . 9 0 1 7 4 6 3  120 . 4  22 7 . 6  0 . 11 6 2  0 . 00194  
2 11 . 5 5 372 . 90  15345  105 . 8  2 2 7 . 6  0 . 11 3 6  0 . 00189  
210 . 6 5  37 2 . 4 0 15519 107 . 0  2 2 7 . 6  0 . 11 8 1  0 . 00197  
210 . 6 5 37 2 . 4 0 15519 107 . 0  2 27 . 6  0 . 12 2 6  0 . 00204  
211 . 10 372 . 6 5 16302  112 . 4  22 7 . 6  0 . 1085  0 . 00181 
210 . 6 5 372 . 4 0 1 6 3 6 0  112 . 8  22 7 . 6  0 . 10272 0 . 00171  
210 . 6 5 37 2 . 4 0  1 6 3 6 0  112 . 8  22 7 . 6  0 . 10786  0 . 00180  
210 . 6 5 372 . 4 0 13285  91 . 6  22 7 . 6  0 . 0 9 4 3 8  0 . 00157 
210 . 6 5 37 2 . 4 0 13518  9 3 . 2  22 7 . 6  0 . 09053  0 . 00151 
2 10 . 6 5 372 . 4 0 13518  93 . 2  2 2 7 . 6  0 . 09951  0 . 00166  
210 . 2 0 372 . 1 5 9 7 4 7  6 7 . 2  227 . 6  0 . 0 8 3 4 6  0 . 00139  
210 . 6 5 37 2 . 4 0 10182 7 0 . 2  22 7 . 6  0 . 0 7 8 3 3  0 . 00131  
210 . 6 5 372 . 4 0 10182 70 . 2  227 . 6  0 . 0 8 7 9 6  0 . 00147  
210 . 2 0 372 . 15 7281 50 . 2  225 . 1  0 . 0 7 328 0 . 00122 
210 . 2 0 372 . 1 5 7281 50 . 2  2 2 5 . 1  0 . 0 7 6 4 9  0 . 00128  
210 . 6 5 372 . 4 0  5047  34 . 8  225 . 1  0 .  07713 0 . 00129  
210 . 2 0 37 2 . 15 5366  37 . 0  22 3 . 7  0 . 0 6 4 32 0 . 00107 
210 . 6 5  372 . 4 0 5 3 9 5  37 . 2  2 2 3 . 7 0 . 05506  0 . 00092  
210 . 6 5 372 . 4 0 5395  37 . 2  22 3 . 7  0 .  061 10 0 . 00102 
210 . 6 5 372 . 4 0 3597  24 . 8  22 3 . 7  0 . 05210 0 . 0 0 0 8 7  
210 . 6 5 372 . 4 0 3597  24 . 8  22 3 . 7  0 . 0 5 4 6 7  0 . 00091  
210 . 6 5 372 . 4 0 3597  24 . 8  22 3 . 7  0 . 0 6 7 5 3  0 .  00113 
210 . 6 5 372 . 4 0 3 5 6 8  2 4 . 6  2 2 3 . 7  0 . 05210 0 . 00087  
210 . 2 0 372 . 15 2118 14 . 6  22 3 . 7  0 . 04181  0 . 00070  
210 . 2 0 372 . 1 5 2118 14 . 6  2 2 3 . 7  0 . 0 3 9 8 8  0 . 00067  
213 . 4 4  37 3 . 9 5 2 2 2 2 0  153 . 2  2 9 3 . 5  0 . 07734  0 . 00126  
212 . 9 0 37 3 . 6 5 1 9 0 0 0  131 . 0  2 9 3 . 5  0 . 08545  0 . 00139  
212 . 9 0 373 . 6 5 1 9 0 0 0  131 . 0  2 9 3 . 5  0 . 0 8 9 2 0  0 . 00145  
212 . 9 0 372 . 6 5 1 9 0 0 0  131 . 0  2 9 3 . 5  0 . 0 8 7 32 0 . 00142 
212 . 9 0 373 . 6 5 19000  131 . 0  2 9 3 . 5  0 . 0 8 6 7 0  0 . 00141 
212 . 9 0 373 . 6 5 19000  131 . 0  2 9 3 . 5  0 . 09169  0 . 00149  
212 . 9 0 373 . 6 5 15 9 9 8  110 . 3  2 9 3 . 5  0 . 06 4 87 0 . 00106  
2 12 . 9 0 373 . 6 5 15998  110 . 3  2 9 3 . 5  0 . 0 8 2 3 3  0 . 00134  
2 12 . 9 0 37 3 . 6 5 13068  90 . 1  2 9 3 . 5  0 . 06924  0 . 00113 
212 . 9 0 373 . 6 5 13068  90 . 1  2 9 3 . 5  0 .  07610  0 . 00124  
214 . 16 374 . 3 5 13169  90 . 8  2 9 4 . 6  0 . 0 6 6 7 1  0 . 0 0109  
2 14 . 16 374 . 35 13169  90 . 8  2 9 4 . 6  0 .  07107  0 . 00116 
213 . 4 4 373 . 9 5 13111 90 . 4  2 9 4 . 6  0 . 07357  0 . 00120  
213 . 4 4 373 . 9 5 13111 90 . 4  2 9 4 . 6  0 . 0 7 7 9 3  0 . 00127  
213 . 8 0 374 . 15 10240  70 . 6  2 94 . 6  0 . 0 6 9 8 3  0 . 00114  
213 . 8 0 374 . 1 5 10240  70 . 6  2 9 4 . 6  0 . 06 7 9 6  0 . 00111 
213 . 4 4  37 3 . 9 5 7194  4 9 . 6  2 9 4 . 6  0 . 05424  0 . 0 0 0 8 8  
2 13 . 4 4 373 . 9 5 7 19 4  4 9 . 6  2 9 4 . 6  0 . 0 5 6 7 3  0 . 0 0 0 9 2  
213 . 8 0 374 . 1 5 5178  35 . 7  2 94 . 6  0 . 04 801 0 . 00078  
213 . 8 0 374 . 1 5 5178  35 . 7  2 9 4 . 6  0 . 04551  0 . 0 0 0 7 4  
2 14 . 1 6 374 . 3 5 3626  25 . 0  2 94 . 6  0 . 0 3 6 7 8  0 . 0 0 0 6 0  
214 . 1 6 374 . 3 5 3626  25 . 0  2 94 . 6  0 . 04177  0 . 0 0 0 6 8  
213 . 4 4  373 . 9 5 2045  14 . 1  2 9 4 . 6  0 . 03180  0 . 00052 
213 . 4 4 373 . 9 5 2045  14 . 1  2 9 4 . 6  0 . 03055  0 . 00050  
213 . 4 4 373 . 9 5 2045  14 . 1  2 94 . 6  0 . 02806  0 . 0 0 0 4 6  
213 . 4 4 3 7 3 . 9 5  2 0 4 5  14 . 1  2 9 4 . 6  0 . 03055  0 . 0 0 0 5 0  
272 . 7 5 406 . 9 0 2 2 4 9 5  155 . 1  3 . 19 0 . 4 4 1 4 6  0 . 0 0 7 8 8  
272 . 7 5 406 . 9 0 2 2 4 9 5  155 . 1  3 . 19 0 . 4 4 0 0 0  0 . 0 0 7 8 6  
272 . 7 5 4 0 6 . 9 0 19203  132 . 4  3 . 19 0 . 4 3 5 6 3  0 . 00778  
272 . 7 5 4 0 6 . 9 0 19203  132 . 4  3 . 19 0 . 3 8 8 2 8  0 . 0 0 6 9 4  
273 . 2 0 407 . 1 5 19218  132 . 5  3 . 19 0 . 41086  0 . 00734  
27 3 . 2 0 4 0 7 . 15 19218  132 . 5  3 . 19 0 . 4 1 0 8 6  0 . 0 0 7 3 4  

(cant . ) 



1 34 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  Blount , c . w . ; Price , L .  C . ; 

2 .  Sodium chloride ; NaCl ; Wenger , L .  M . ; Tarullo , M .  
[ 7 6 47-14-5]  DOE Contract report DE-A5 08-

3 .  Water ; H2 0 ;  [ 7 7 32-18-5 7 8ET12145 . 

EXPERIMENTAL VALUES :  

Cone . of Methane Mole 
Tj OF T/K P/psi P/MPa NaCl solubilit1 fraction 

/g dm- 3 /mol kg- xCH � 

2 7 2 . 7 5 4 0 6 . 9 0 16186  111 . 6  3 . 19 0 . 3 9 0 4 7  0 . 0 0 6 9 8  
2 7 2 . 7 5 4 0 6 . 9 0 16186  111 . 6  3 . 19 0 . 35696  0 . 0 0 6 3 8  
2 7 3 . 2 0 4 07 . 15 13169  9 0 . 8  3 . 19 0 . 3 4 6 0 3  0 . 00619  
27 3 . 2 0 4 0 7 . 15 13169 9 0 . 8  3 . 19 0 . 35914  0 . 0 0 6 4 2  
2 7 3 . 2 0 4 07 . 15 10399  71 . 7  3 . 19 0 . 32636  0 . 0 0 5 8 4  
2 7 3 . 2 0  4 0 7 . 15 10399  71 . 7  3 . 19 0 . 2 9 576  0 . 0 0 5 2 9  
2 7 2 . 30 4 0 6 . 6 5 10385  71 . 6  3 . 19 0 . 31470  0 . 0 0 5 6 3  
2 7 2 . 3 0 4 0 6 . 6 5 10385  71 . 6  3 . 19 0 . 2 9 576  0 . 0 0 5 2 9  
2 7 3 . 65 4 0 7 . 4 0 7 2 2 3  4 9 . 8  3 . 19 0 . 2 4 6 9 5  0 . 0 0 4 4 2  
2 72 . 75 4 0 6 . 9 0 7 2 6 6  5 0 . 1  3 . 19 0 . 2 4 0 4 0  0 . 0 0 4 3 1  
2 7 2 . 75 4 0 6 . 9 0 7 2 6 6  50 . 1  3 . 19 0 . 25 715 0 . 0 0 4 6 1  
2 7 3 . 2 0  4 07 . 15 7 6 2 9  52 . 6  3 . 19 0 . 2 6 0 8 0  0 . 0 0 4 6 7  
2 7 3 . 2 0 4 07 . 15 7 6 2 9  52 . 6  3 . 19 0 . 2 5 3 5 1  0 . 0 0 4 5 4  
2 7 4 . 10 4 0 7 . 6 5 5149  35 . 5  3 . 1 9 0 . 2 2 2 9 2  0 . 0 0 4 0 0  
2 7 3 . 2 0 4 07 . 15 5163  35 . 6  3 . 19 0 . 2 0 5 4 3  0 . 0 0 3 6 8  
2 7 3 . 65 4 0 7 . 4 0  5134  35 . 4  3 . 19 0 . 2 0 8 3 5  0 . 0 0 3 7 4  
2 7 3 . 65 4 0 7 . 4 0 5134  3 5 . 4  3 . 19 0 . 2 2 6 5 6  0 . 0 0 4 0 6  
2 7 3 . 2 0  4 0 7 . 15 3 6 2 6  25 . 0  3 . 19 0 . 17119 0 . 0 0 3 0 7  
2 7 3 . 20 4 07 . 15 3 6 2 6  25 . 0  3 . 19 0 . 1 8 3 5 8  0 . 0 0 3 2 9  
2 7 4 . 10 4 07 . 6 5 2 2 4 8  15 . 5  3 . 19 0 . 13 4 0 4  0 . 0 02 4 1  
2 7 4 . 10 4 0 7 . 6 5 2 2 4 8  15 . 5  3 . 19 0 . 15007  0 . 0 0 2 6 9  
2 7 5 . 00 4 0 8 . 15 16128  111 . 2  51 . 1  0 . 34511 0 . 0 0 6 0 8  
2 7 4 . 55 4 0 7 . 9 0 16186  111 . 6  5 1 . 1 0 . 32252  0 . 0 0 5 6 8  
2 7 4 . 5 5 4 0 7 . 9 0 16186  111 . 6  5 1 . 1  0 . 34 017 0 . 0 0599  
2 7 5 . 00 4 0 8 . 15 13155 9 0 . 7  51 . 1  0 . 2 8 4 4 1  0 . 00502  
275 . 0 0 4 0 8 . 15 13242  91 . 3  51 . 1  0 . 29147  0 . 00514  
2 7 5 . 0 0 4 0 1 L 15 13242  91 . 3  5 1 . 1  0 . 2 7 3 8 3  0 . 0 0 4 8 3  
2 7 4 . 5 5 4 0 7 . 9 0 10327  7 1 . 2  51 . 1  0 . 2 6 042  0 . 0 0 4 6 0  
2 7 4 . 55 4 0 7 . 9 0 10327  71 . 2  5 1 . 1  0 . 2 7 171  0 . 0 0 4 7 9  
2 72 . 75 4 06 . 9 0 7034  4 8 . 5 5 1 . 1 0 . 2 0 7 4 9  0 . 0 0 36 6  
272 . 75 4 0 6 . 9 0 7034  4 8 . 5  51 . 1  0 . 19831  0 . 0 0 3 5 0  
2 7 1 . 9 9 4 0 6 . 4 8 7 0 3 4  4 8 . 5  5 1 . 1  0 . 2 0 325  0 . 0 0 3 5 9  
2 7 1 . 9 9 4 0 6 . 4 8 7 0 3 4  4 8 . 5  5 1 . 1  0 . 2 1 0 31 0 . 0 0 3 7 1  
2 7 2 . 75 4 0 6 . 90 5 0 6 2  34 . 9  5 1 . 1 0 . 16 7 9 7  0 . 0 0 2 9 7  
272 . 7 5 4 0 6 . 9 0 5 0 6 2  34 . 9  51 . 1  0 . 16 8 6 7  0 . 0 0 2 9 8  
2 72 . 7 5 4 0 6 . 9 0 3 5 6 8  2 4 . 6  51 . 1  0 . 14115 0 . 0 0 2 5 0  
2 7 2 . 75 4 0 6 . 90 3568  24 . 6  5 1 . 1  0 . 14185  0 . 0 0 2 5 1  
272 . 30 4 0 6 . 6 5 2 016 13 . 9  51 . 1  0 . 09 316 0 . 00165  
2 7 2 . 3 0 4 0 6 . 6 5 2 0 16 13 . 9  5 1 . 1  0 . 0 8 9 6 3  0 . 00159  
2 7 5 . 00 4 0 8 . 15 19014  131 . 1  106 . 0  0 . 2 4 9 3 1  0 . 0 0 4 32 
2 7 5 . 0 0 4 0 8 . 15 19014  131 . 1  106 . 0  0 . 25136  0 . 0 0 4 3 6  
2 7 5 . 0 0 4 0 8 . 15 1 6 2 7 3  112 . 2  106 . 0  0 . 22130  0 . 0 0 3 8 4  
2 7 5 . 0 0 4 08 . 15 1 6 2 7 3  112 . 2  10 6 . 0  0 . 2 1 7 8 9  0 . 0 0 3 7 8  
275 . 0 0 4 0 8 . 15 16157 111 . 4  106 . 0  0 . 2 3292  0 . 0 0 4 0 4  
2 7 5 . 00 4 0 8 . 15 16157 111 . 4  106 . 0  0 . 2 5 4 0 9  0 . 00 4 4 0  
2 7 5 . 0 0 4 0 8 . 15 16128  111 . 2  106 . 0  0 . 26 2 2 9  0 . 0 0 4 5 5  
2 7 5 . 00 4 08 . 15 16128  111 . 2  106 . 0  0 . 2 5 8 8 7  0 . 0 0 4 4 9  
2 7 5 . 4 5 4 0 8 . 4 0  13169  9 0 . 8  106 . 0  0 . 21584  0 . 0 0 3 7 4  
2 7 3 . 2 0 4 07 . 15 1 3 3 7 3  92 . 2  106 . 0  0 . 2 0218  0 . 00351  
27 3 . 2 0 4 07 . 15 13373  9 2 . 2  10 6 . 0  0 . 2 0 9 0 1  0 . 0 0 3 6 3  
2 7 4 . 5 5 4 0 7 . 9 0 13097  9 0 . 3  106 . 0  0 . 2 0 4 2 3  0 . 0 0 3 5 4  
2 7 4 . 55 4 0 7 . 90 13097  9 0 . 3  10 6 . 0  0 . 2 0 2 8 6  0 . 00352  
2 7 4 . 55 4 0 7 . 9 0 13256  91 . 4  106 . 0  0 . 21994  0 . 0 0 3 8 1  
2 7 6 . 8 0 4 0 9 . 15 13082  9 0 . 2  106 . 0  0 . 2 1 3 7 9  0 . 0 0 3 7 1  
2 7 6 . 80 40 9 . 15 13082  9 0 . 2  10 6 . 0  0 . 21789  0 . 0 0 3 7 8  
2 7 6 . 80 4 0 9 . 15 10312 71 . 1  106 . 0  0 . 2 0 9 6 9  0 . 0 0 3 6 4  

{cont . )  



Aqueous E lectrolyte Solutions 1 35 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4-82- 8 ]  Blount , c .  w . ; Price , L .  c . ; 

2 .  Sodium chloride ; NaCl ; Wenger ,  L .  M . ; Tarullo , M .  
[ 7 6 47-14-5]  DOE Contract report DE-A5 08-

3 .  Wate r ;  H 2 0 ;  [ 77 32-18-5]  7 8ET12 145 . 

EXPERIMENTAL VALUES :  

Cone . of Methane Mole 
T/ °C  T/K P/psi P/MPa NaCl solubili:!:¥ fraction 

/g dm- 3 /mol kg xCH � 

2 7 6 . 8 0 4 0 9 . 15 10312 71 . 1  10 6 . 0  0 . 2 0 6 2 8  0 . 0 0 3 5 8  
274 . 10 4 0 7 . 6 5 7223  4 9 . 8  106 . 0  0 . 17213  0 . 0 0 2 9 9  
274 . 10 4 07 . 6 5 7223  4 9 . 8  106 . 0  0 . 17076  0 . 0 0 2 9 6  
274 . 5 5 407 . 9 0 7 4 2 6  5 1 . 2  106 . 0  0 . 17 6 9 1  0 . 0 0 3 0 7  
274 . 5 5 4 0 7 . 9 0 7 4 2 6  5 1 . 2  106 . 0  0 . 18237  0 . 0 0 316 
274 . 5 5 4 0 7 . 90 5279  36 . 4  106 . 0  0 . 12 9 7 8  0 . 00225  
274 . 10 4 0 7 . 6 5 3579  2 4 . 8  106 . 0  0 . 11407  0 . 00198  
274 . 10 407 . 6 5 3597  24 . 8  10 6 . 0  0 . 10519 0 . 00183  
2 7 4 . 10 4 0 7 . 6 5 3626  25 . 0  106 . 0  0 . 11 6 8 0  0 . 00203  
274 . 10 4 0 7 . 6 5 3626  25 . 0  106 . 0  0 . 1 0 9 2 9  0 . 00190  
2 75 . 9 0 4 0 8 . 6 5 19043  131 . 3  105 . 0  0 . 25082  0 . 0 0 4 35 
2 7 6 . 44 4 0 8 . 95 19131 13 1 . 9 105 . 0  0 . 2 5 4 2 3  0 . 0 0 4 4 1  
276 . 4 4  4 0 8 . 95  19131 131 . 9  105 . 0  0 . 25082  0 . 0 0 4 3 5  
276 . 8 0 4 0 9 . 15 1 5 9 4 0  109 . 9  105 . 0  0 . 23168  0 . 0 0 4 0 2  
2 7 6 . 80 4 0 9 . 15 15940  10 9 . 9  105 . 0  0 . 2 3 9 8 8  0 . 00416  
276 . 9 8 4 0 9 . 2 5 13024  8 9 . 8  105 . 0  0 . 20161  0 . 00350  
276 . 9 8  4 0 9 . 2 5 13024  8 9 . 8  105 . 0  0 . 2 0 2 9 8  0 . 00352  
27 7 . 1 6 4 0 9 . 3 5 13155 9 0 . 7  105 . 0  0 . 2 0 7 0 8  0 . 0 0 3 5 9  
27 7 . 16 4 0 9 . 3 5 13155 9 0 . 7  105 . 0  0 . 20161  0 . 0 0 3 5 0  
276 . 8 0 4 0 9 . 15 13126 90 . 5  105 . 0  0 . 20571  0 . 0 0 3 5 7  
27 7 . 16 409 . 3 5 7 0 2 0  4 8 . 4  107 . 0  0 . 15496  0 . 0 0 2 6 9  
27 7 . 16 4 0 9 . 3 5 7 0 6 3  4 8 . 7  107 . 0  0 . 16 6 5 7  0 . 0 0 2 8 9  
2 7 7 . 16 4 0 9 . 3 5 7 0 6 3  4 8 . 7  107 . 0  0 . 15564  0 . 0 0 2 7 0  
27 7 . 16 4 0 9 . 3 5 5018  34 . 6  107 . 0  0 . 13243  0 . 0 0 2 3 0  
277 . 16 4 0 9 . 3 5 5018  34 . 6  107 . 0  0 . 1 3 4 4 8  0 . 00233  
276 . 8 0 4 0 9 . 15 5149  35 . 5  107 . 0  0 . 14199  0 . 0 0 2 4 7  
276 . 80 4 0 9 . 15 5149 35 . 5  107 . 0  0 . 14131 0 . 00245  
276 . 8 0 4 0 9 . 15 5149  35 . 5  107 . 0  0 . 1 4131 0 . 00245  
2 7 6 . 8 0 4 0 9 . 15 3 6 8 4  2 5 . 4  107 . 0  0 . 10 5 8 1  0 . 0 0 1 8 4  
276 . 9 8 4 0 9 . 2 5 3365  2 3 . 2  107 . 0  0 . 10786  0 . 0 0 1 8 7  
276 . 9 8 4 0 9 . 2 5 3365  2 3 . 2  1 0 7 . 0  0 . 10 9 9 1  0 . 00191  
2 7 6 . 9 8 4 0 9 . 2 5 2 016 13 . 9  106 . 8  0 . 07 6 4 7  0 . 00133  
2 7 6 . 9 8 4 0 9 . 2 5 2016  13 . 9  106 . 8  0 . 0 7 6 4 7  0 . 00133  
27 1 . 0 4 405 . 9 5 2016  13 . 9  106 . 8  0 .  07305  0 . 00127  
271 . 0 4 405 . 9 5 2016  13 . 9  106 . 8  0 . 0 6 9 6 4  0 . 0 0 121 
275 . 00 4 0 8 . 1 5 22539  155 . 4  163 . 5  0 . 2 3 6 4 4  0 . 0 0 4 0 2  
275 . 0 0 408 . 15 2 2 5 3 9  155 . 4  163 . 5  0 . 2 3 0 4 7  0 . 0 0 3 9 2  
275 . 0 0 408 . 1 5 2 2 2 7 8  153 . 6  161 . 7  0 . 22538  0 . 0 0 3 8 3  
275 . 0 0 4 0 8 . 15 22350  154 . 1  16 1 . 7 0 . 2 3 8 6 4  0 . 0 0 4 0 6  
275 . 0 0 4 0 8 . 15 22437  154 . 7  16 1 . 7  0 . 2 3 5 9 9  0 . 0 0 4 0 1  
275 . 0 0 4 0 8 . 15 1 9 0 2 9  131 . 2  161 . 7  0 . 2 2 8 0 4  0 . 0 0 3 8 8  
275 . 0 0 408 . 1 5 19203  132 . 4  161 . 7  0 . 2 0 6 8 2  0 . 00352  
275 . 00 408 . 1 5 19203  132 . 4  1 6 1 . 7  0 . 21213 0 . 0 0 3 6 1  
275 . 00 4 08 . 15 16157 111 . 4  1 6 0 . 7  0 . 2 0 5 6 0  0 . 00350  
27 5 . 0 0 408 . 1 5 16157 111 . 4  160 . 7  0 . 21688  0 . 0 0 3 6 9  
275 . 9 0 4 0 8 . 6 5 13227 9 1 . 2  163 . 5  0 . 17219  0 . 0 0 2 9 3  
275 . 4 5  4 0 8 . 4 0  12850  8 8 . 6  160 . 7  0 . 18239  0 . 0 0 311 
275 . 0 0 4 0 8 . 15 13024  8 9 . 8  160 . 7  0 . 19 3 0 0  0 . 0 0 3 2 9  
275 . 00 4 0 8 . 15 13024  8 9 . 8  160 . 7  0 . 1 8 5 0 4  0 . 0 0 315 
275 . 9 0 4 0 8 . 6 5 10211 7 0 . 4  163 . 5  0 . 16 4 2 5  0 . 0 0 2 8 0  
275 . 0 0 4 0 8 . 1 5 10182 7 0 . 2  163 . 5  0 . 16160  0 . 0 0 2 7 5  
275 . 00 408 . 15 10182  7 0 . 2  163 . 5  0 . 17 9 4 8  0 . 00305  
275 . 4 5 4 0 8 . 4 0  10153 7 0 . 0  1 6 0 . 7  0 . 1 8040  0 . 0 0 3 0 7  
275 . 4 5 4 0 8 . 4 0 10153 7 0 . 0  160 . 7  0 . 15918  0 . 00271  
275 . 00 4 0 8 . 15 7136  4 9 . 2  160 . 7  0 . 12 7 3 4  0 . 00217  
275 . 00 408 . 1 5 7136  4 9 . 2  1 6 0 . 7  0 . 12734  0 . 00217  

(cont . )  



1 36 Aq ueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 -82-8 ] 

2 .  Sodium chloride ; NaCl ; 
[ 7 6 4 7-14-5 ] 

3 .  Water;  H20 ;  [ 7 7 32-18-5 ] 

EXPERIMENTAL VALUES :  

2 7 5 . 45 
2 7 5 . 4 5 
2 7 5 . 45 
275 . 0 0 
2 7 4 . 55 
27 4 . 55 
275 . 0 0 
275 . 0 0 
2 7 4 . 55 
2 7 4 . 5 5 
275 . 0 0 
275 . 00 
275 . 00 
2 7 4 . 55 
27 3 . 65 
2 7 3 . 6 5 
2 7 3 . 65  
2 7 3 . 6 5 
2 7 3 . 6 5 
2 7 3 . 6 5 
2 7 3 . 65 
2 7 3 . 65 
2 73 . 65 
2 7 3 . 6 5 
2 7 3 . 65  
2 7 3 . 6 5 
2 7 3 . 65 
273 . 65 
27 3 . 6 5 
2 7 3 . 6 5 
2 7 3 . 6 5 
272 . 3 0 
272 . 3 0 
2 7 3 . 6 5 
272 . 2 0  
272 . 20 
2 7 3 . 65 
27 3 . 6 5 
27 3 . 6 5 
27 3 . 6 5 
2 7 3 . 6 5 
2 7 3 . 65 
2 7 3 . 65 
275 . 90 
275 . 90 
275 . 9 0 
275 . 90 
275 . 9 0 
275 . 90 
2 7 7 . 2 5 
277 . 25 
2 7 7 . 7 0 
2 7 7 . 70 
2 7 6 . 8 0 
2 7 6 . 8 0 
276 . 3 5 

T/K 

4 0 8 . 4 0 
4 0 8 . 4 0 
408 . 4 0  
4 0 8 . 15 
4 0 7 . 9 0 
4 0 7 . 9 0 
4 0 8 . 15 
4 0 8 . 15 
4 0 7 . 9 0 
4 0 7 . 90 
4 0 8 . 15 
4 0 8 . 15 
4 0 8 . 15 
4 0 7 . 9 0 
4 0 7 . 4 0 
4 0 7 . 4 0 
4 0 7 . 4 0  
4 0 7 . 4 0 
4 0 7 . 4 0 
407 . 4 0 
4 0 7 . 4 0 
4 07 . 4 0 
4 0 7 . 4 0 
4 0 7 . 4 0 
4 07 . 4 0 
4 0 7 . 4 0 
4 0 7 . 4 0 
4 0 7 . 4 0 
4 0 7 . 4 0  
4 0 7 . 4 0  
4 07 . 4 0  
4 0 6 . 6 5 
4 0 6 . 6 5 
4 0 7 . 4 0  
4 0 7 . 15 
4 07 . 15 
4 0 7 . 4 0  
4 0 7 . 4 0 
4 0 7 . 4 0  
4 07 . 4 0 
4 07 . 4 0 
4 07 . 4 0 
4 0 7 . 4 0  
4 0 8 . 6 5 
4 0 8 . 6 5 
4 0 8 . 6 5 
4 0 8 . 6 5 
4 0 8 . 6 5 
4 0 8 . 6 5 
4 0 9 . 4 0  
4 0 9 . 4 0  
4 0 9 . 6 5 
4 0 9 . 6 5 
4 0 9 . 15 
4 0 9 . 1 5 
4 0 8 . 9 0 

P/psi 

5163  
5091  
5091  
3568  
3626  
3655  
2147  
2147  
2292  
2292  

19087  
19087  
19232 
19174 
19072 
19072 
19072 
19072 
16041  
16070  
16070  
13024  
13024  
10066  
10066  
10080  
10080  
10095 
10109  
10109  

7136  
7194  
7194  
4 8 7 3  
4 9 3 1  
4 9 3 1  
3 5 9 7  
3597  
2 17 6  
2176  
2176  
2161 
2161  

2 2 6 4 0  
2 2 6 4 0  
19218 
19218 
16273  
16273  
13068  
13068  
10167  
10167  

7150  
7150 
5163  

ORIGINAL MEASUREMENTS : 

Blount , C .  W . ; Price , L .  C . ; 

Wenger ,  L .  M. ; Tarullo , M.  

DOE Contract report DE-A5 08-

78ET12145 . 

P/MPa 
Cone . of 

NaCl 
/g dm- 3 

35 . 6  16 0 . 3  
35 . 1  160 . 3  
35 . 1  16 0 . 3  
2 4 . 6  159 . 7  
25 . 0  16 3 . 9  
25 . 2  16 3 . 9  
14 . 8  16 3 . 9  
14 . 8  16 3 . 9  
15 . 8  16 3 . 9  
15 . 8  163 . 9  

131 . 6  224 . 3  
131 . 6  224 . 3  
13 2 . 6  22 4 . 3  
132 . 2  2 2 4 . 3  
131 . 5  227 . 8  
131 . 5  22 7 . 8  
131 . 5  227 . 6  
131 . 5  22 7 . 6  
110 . 6  22 7 . 1  
110 . 8  22 5 . 7  
110 . 8  2 2 5 . 7  

8 9 . 8 22 5 . 4  
8 9 . 8  225 . 4  
6 9 . 4  2 2 3 . 7  
6 9 . 4  22 3 . 7  
6 9 . 5  22 2 . 6  
6 9 . 5  22 2 . 6  
6 9 . 6  221 . 3  
6 9 . 7  21 9 . 0  
6 9 . 7  2 19 . 9  
4 9 . 2  21 8 . 6  
4 9 . 6  224 . 3  
4 9 . 6  22 4 . 3  
33 . 6  2 2 4 . 3  
34 . 0  2 2 4 . 3  
34 . 0  2 2 4 . 3  
2 4 . 8  22 3 . 7  
2 4 . 8  223 . 7  
15 . 0  223 . 2  
15 . 0  222 . 6  
15 . 0  222 . 6  
14 . 9  22 2 . 6  
14 . 9  22 2 . 6  

156 . 1  2 9 5 . 2  
156 . 1  2 95 . 1  
13 2 . 5  2 95 . 1  
132 . 5  2 9 5 . 1  
112 . 2  2 9 4 . 4  
112 . 2  2 9 4 . 4  

9 0 . 1  2 9 3 . 6  
90 . 1  2 9 3 . 6  
7 0 . 1  2 93 . 0  
7 0 . 1  2 93 . 0  
4 9 . 3  2 92 . 1  
4 9 . 3  29 2 . 1  
35 . 6  2 91 . 5  

(cent . }  

Methane 
solubiliti 

/mol kg-

0 . 10813  
0 . 10548  
0 . 10481  
0 . 08162  
0 . 08211 
0 . 10330  
0 . 06224  
0 . 05761  
0 . 05694  
0 . 07019  
0 . 15 7 5 4  
0 . 15818  
0 . 14468  
0 . 15175 
0 . 15 0 8 6  
0 . 14 5 0 9  
0 . 14 1 8 9  
0 . 15 7 9 4  
0 . 14 3 8 5  
0 . 15294  
0 . 14908  
0 . 12532  
0 . 13882  
0 . 13764  
0 . 14 150  
0 . 13449  
0 . 12162 
0 . 13651  
0 . 12178  
0 . 1217 8 
0 . 10573  
0 . 10224  
0 . 10 6 7 4  
0 . 09131 
0 . 0 7 9 7 3  
0 .  07780  
0 . 05853  
0 .  06110 
0 . 0 4 5 6 8  
0 . 05792  
0 . 05406  
0 . 04 6 3 3  
0 . 0 4 4 4 0  
0 . 13 4 6 3  
0 . 1 3 4 6 4  
0 . 12 0 3 0  
0 . 11906  
0 . 11 7 8 4  
0 . 11036  
0 . 09730  
0 . 0 9 4 8 0  
0 . 0 8 6 0 9  
0 . 0 8 7 3 4  
0 . 0 7 2 4 0  
0 .  07115 
0 . 05931  

Mole 
fraction 

XCH 4 

0 . 00184  
0 . 00180  
0 . 00179  
0 . 00139  
0 . 00140  
0 . 00176 
0 . 00106 
0 . 00098  
0 . 0 0 0 9 7  
0 . 00120  
0 . 0 0 2 6 3  
0 . 0 0 2 6 4  
0 . 00241  
0 . 00253  
0 . 00251  
0 . 00242 
0 . 0 0 2 3 6  
0 . 0 0 2 6 3  
0 . 0 0 2 4 0  
0 . 00255 
0 . 0 02 4 8  
0 . 00209  
0 . 00231  
0 . 00229  
0 . 00236  
0 . 00224  
0 . 00203  
0 . 00228  
0 . 00203  
0 . 00203  
0 . 00177  
0 . 00171 
0 . 00178  
0 . 00152 
0 . 00133  
0 .  00130  
0 . 0 0 0 9 8  
0 . 00102 
0 . 00076  
0 .  0 0 0 9 7  
0 . 0 0 0 9 0  
0 .  0 0 0 7 7  
0 . 00074  
0 . 00219  
0 . 00219  
0 . 0 0196 
0 .  001.94 
0 . 00192 
0 . 00179  
0 . 00158  
0 . 00154  
0 . 00140  
0 . 00142 
0 . 00118 
0 . 00116 
0 . 0 0 0 9 7  



Aqueous Electrolyte Solutions 1 37 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Blount , c .  w. ; Price , L .  C . ; 

2 .  Sodium chloride ; NaCl ; Wenger ,  L .  M . ; Tarullo , M .  
[ 76 4 7-14-5 ] DOE Contract report DE-A5 08-

3 .  Water ; H 2 0 ; [ 7 7 32-18- 5 ]  7 8ET1214 5 .  

EXPERIMENTAL VALUES : 

Cone . of Methane Mole 
T/ °C T/K P/psi P/MPa NaCl solubi li!:i fraction 

/g dm- 3 /mol kg XCH 4  

2 7 6 . 35 4 0 8 . 9 0 5163  35 . 6  2 9 1 . 5  0 . 0 5 9 31 0 . 0 0 0 9 7  
2 7 6 . 80 4 0 9 . 15 2 2 6 3  15 . 6  2 8 6 . 0  0 . 0 4 0 0 5  0 . 0 0 0 6 5  
2 76 . 8 0 4 0 9 . 15 2 2 6 3  15 . 6  2 8 6 . 0  0 . 0 3 6 2 9  0 . 0 0 0 5 9  
335 . 12 4 4 1 . 5 5 2 2 5 3 9  155 . 4  3 . 0  0 . 5 8 9 4 2  0 . 01050  
335 . 12 4 4 1 . 5 5  2 2 5 3 9  155 . 4  3 . 0  0 . 6 6 6 6 5  0 .  01186 
335 . 75 4 4 1 .  90  2 2 2 7 8  153 . 6  3 . 0  0 . 6 5 5 0 0  0 . 01165 
3 35 . 7 5 4 4 1 . 9 0  2 2 2 7 8  153 . 6  3 . 0  0 . 6 0 3 9 9  0 . 01075  
335 . 7 5 4 4 1 . 9 0 2 1 8 4 3  150 . 6  3 . 0  0 . 65135  0 . 01159 
335 . 75 4 4 1 . 9 0 2 2 5 9 7  155 . 8  3 . 0  0 . 5 8 724  0 . 01046  
335 . 75 4 4 1 .  90  2 2 5 9 7  155 . 8  3 . 0  0 . 6 2 5 8 5  0 . 01114 
3 3 6 . 20 4 4 2 . 15 2 2 8 0 0  157 . 2  3 . 0  0 . 6 0 9 0 9  0 . 01084  
336 . 2 0  442 . 15 2 2 771  157 . 0  3 . 0  0 . 6 9 1 4 2  0 . 01229  
336 . 2 0 4 4 2 . 15 2 2 7 7 1  157 . 0  3 . 0  0 . 67 6 85 0 . 01204  
3 3 6 . 2 0  4 42 . 15 18332  126 . 4  3 . 0  0 . 5 8 4 3 2  0 . 01041  
336 . 2 0 4 4 2 . 15 18332  126 . 4  3 . 0  0 . 62512 0 .  01113 
336 . 2 0  4 4 2 . 15 17927  1 2 3 . 6  3 . 0 0 . 6 3 6 7 8  o .  01113 
3 3 5 . 7 5 4 4 1 . 9 0 19218  132 . 5  3 . 0  0 . 61711 0 . 0 1 0 9 9  
335 . 7 5 4 4 1 . 9 0 1 6 3 6 0  112 . 8  3 . 0  0 . 53187  0 . 0 0 9 4 8  
335 . 75 4 4 1 . 9 0 1 6 3 6 0  112 . 8  3 . 0  0 . 5 7 4 12 0 . 0 1 0 2 3  
336 . 6 5 4 4 2 . 4 0 13169  9 0 . 8  3 . 0  0 . 5 3 0 4 1  0 . 0 0 9 4 6  
336 . 6 5 4 4 2 . 4 0 13169  9 0 . 8  3 . 0  0 . 52021  0 . 0 0 9 2 8  
3 3 6 . 6 5 4 4 2 . 4 0 10225  7 0 . 5  3 . 0  0 . 4 3132 0 . 0 0 7 7 0  
335 . 84 4 4 1 . 95  10269  7 0 . 8  3 . 0  0 . 4 2 6 9 5  0 . 0 0 7 6 3  
336 . 2 0 4 4 2 . 15 10167  7 0 . 1  3 . 0  0 . 4 6 119 0 . 0 0 8 2 3  
337 . 55 4 4 2 . 9 0  5 0 7 6  35 . 0  3 . 0  0 . 3 3 7 3 3  0 . 0 0 6 0 3  
337 . 55 4 4 2 . 9 0 5 0 7 6  35 . 0  3 . 0  0 .  32713  0 . 00585  
336 . 2 0  4 42 . 15 3 6 2 6  2 5 . 0  3 . 1  0 . 2 3 1 6 7  0 . 00415  
336 . 2 0  4 4 2 . 15 3 6 2 6  25 . 0  3 . 1  0 . 2 3 6 7 7  0 . 0 0 4 2 4  
3 3 6 . 2 0 4 4 2 . 15 3 6 4 0  25 . 1  3 . 1  0 . 2 5717 0 . 0 0 4 6 1  
336 . 2 0 4 4 2 . 15 3 6 4 0  25 . 1  3 . 1  0 . 2 7 2 4 7  0 . 0 0 4 8 8  
3 4 0 . 2 5 4 4 4 . 4 0 1 8 3 4 7  126 . 5  51 . 1  0 . 4 4 9 5 6  0 . 00791  
34 0 . 2 5 4 4 4 . 4 0 1 8 3 4 7  126 . 5  51 . 1  0 . 4 5 0 2 6  0 . 0 0 7 9 2  
34 0 . 2 5 4 4 4 . 4 0 17985  124 . 0  51 . 1  0 . 4 4 7 4 4  0 . 0 0 7 8 7  
34 0 . 25 4 4 4 . 4 0 17985  124 . 0  51 . 1  0 . 4 6 7 2 0  0 . 00821  
339 . 9 8 4 4 4 . 2 5 15650  107 . 9  5 1 . 0 0 . 4 2 7 7 1  0 . 0 0 7 5 3  
3 39 . 9 8 4 4 4 . 2 5 15650  107 . 9  51 . 0  0 . 4 37 5 9  0 .  0 0 7 7 0  
34 0 . 7 0 4 4 4 . 65 12821  8 8 . 4  50 . 7  0 . 3 7 4 14 0 . 0 0 6 5 9  
34 0 . 7 0 4 4 4 . 6 5 12821  8 8 . 4  5 0 . 7  0 . 3 9 6 0 2  0 . 0 0 6 9 7  
339 . 9 8 4 4 4 . 2 5 9 7 7 6  67 . 4  50 . 4  0 . 3 4 9 4 9  0 . 00616  
339 . 9 8 4 4 4 . 2 5  9 7 7 6  67 . 4  50 . 4  0 . 31913 0 . 0 0 5 6 3  
339 . 9 8 4 4 4 . 2 5  6 7 7 3  4 6 . 7  50 . 0  0 . 2 6 9 7 8  0 . 0 0 4 7 6  
339 . 9 8 4 4 4 . 2 5 6 7 7 3  4 6 . 7  50 . 0  0 . 2 8 3 2 0  0 . 0 0 5 0 0  
3 39 . 0 8 4 4 3 . 75  4 8 0 1  3 3 . 1  4 9 . 7 0 . 2 5 0 7 6  0 . 0 0 4 4 3  
339 . 08 4 4 3 . 75 4 8 0 1  3 3 . 1  4 9 . 7  0 . 2 34 5 1  0 . 0 0 4 14 
339 . 0 8 4 4 3 . 75 4 8 0 1  33 . 1  4 9 . 7  0 . 2 3 592  0 . 0 0 4 17 
3 3 8 . 9 0 4 4 3 . 6 5 3553  2 4 . 5  4 9 . 5  0 . 19357  0 . 0 0 3 4 2  
3 3 8 . 90 4 4 3 . 6 5 3553  2 4 . 5  4 9 . 5  0 . 19 9 2 2  0 . 0 0 3 5 2  
339 . 35 4 4 3 . 9 0 1958  13 . 5  4 9 . 5  0 . 13 2 8 1  0 . 0 0 2 3 5  
339 . 35 4 4 3 . 9 0 1958  13 . 5  4 9 . 5  0 . 12 7 1 6  0 . 0 0 2 2 5  
339 . 4 4 4 4 3 . 9 5 1 9 0 4 3  131 . 3  104 . 6  0 . 3 2 0 6 0  0 . 0 0 5 5 5  
3 39 . 80 4 4 4 . 15 19072  131 . 5  104 . 6  0 . 35204  0 . 0 0 6 0 9  
339 . 8 0 4 4 4 . 15 1 9 0 7 2  131 . 5  104 . 6  0 . 35819  0 . 0 0 6 2 0  
339 . 80 4 4 4 . 15 16157  111 . 4  104 . 6  0 . 31991 0 . 00554  
339 . 80 4 44 . 15 16157  111 . 4  104 . 6  0 . 31171 0 . 0 0 5 4 0  
339 . 80 4 4 4 . 15 16027  110 . 5  104 . 6  0 . 31308  0 . 00542  
339 . 8 0 4 4 4 . 15 16027  110 . 5  104 . 6  0 . 3 0 6 9 3  0 . 0 0 5 3 2  

(cont . )  



1 38 Aqueous Electrolyte Sol utions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 74-82- 8 ]  Blount , c .  W . ; Price , L .  C . ; 

Wenger ,  L .  M. ; Tarullo , M .  
2 .  Sodium chloride ; NaCl ; DOE Contract report DE-A508-[ 76 47-14-5 ] 

7 8ET1214 5 .  
3 .  water; H20 ;  [7 732-18- 5 ]  

EXPERIMENTAL VALUES : 
Cone . of Methane Mole 

T/°C  T/K P/psi P/MPa NaCl sol ubi lit¥ fraction /g dm- 3 /mol kg-
xCH� 

339 . 80 444 . 15 16027  110 . 5  104 . 6  0 . 32538  0 . 00564  
339 . 80 444 . 15 16027  110 . 5  104 . 6  0 . 32538  0 . 00564  
339 . 80 4 4 4 . 15 13024 89 . 8  104 . 6  0 . 27822  0 . 00482  
339 . 80 4 44 . 15 13024 89 . 8  104 . 6  0 . 2 8505  0 . 00494  
3 3 8 . 36 4 43 . 35 13024  89 . 8  104 . 6  0 . 2 8505  0 . 00494  
338 . 36 443 . 35 13024 8 9 . 8  104 . 6  0 . 29599  0 . 00513 
339 . 80 4 4 4 . 15 10008  69 . 0  106 . 0  0 . 2 5 819 0 . 00447  
339 . 80 444 . 15 10008  6 9 . 0  106 . 0  0 . 2 6 6 3 8  0 . 00462  
339 . 80 444 . 15 10037 6 9 . 2  106 . 0  0 . 2 4 863  0 . 0 0 431 
339 . 80 4 44 . 15 7049  4 8 . 6  106 . 0  0 . 2 0218  0 . 00351  
339 . 8 0 4 4 4 . 15 7020  4 8 . 4  106 . 0  0 . 19603  0 . 00340  
339 . 80 4 4 4 . 15 7020 4 8 . 4  106 . 0  0 . 20355  0 . 00353  
33 9 . 80 444 . 15 6991  4 8 . 2  10 6 . 0  0 . 19945  0 . 00346  
339 . 80 4 4 4 . 15 6 991  4 8 . 2  106 . 0  0 . 19808  0 . 00344  
339 . 80 4 4 4 . 15 5047 34 . 8  106 . 0  0 . 16529  0 . 00287  
339 . 80 444 . 15 5047 34 . 8  106 . 0  0 . 17691  0 . 00307  
339 . 80 4 4 4 . 15 5250  36 . 2  106 . 0  0 . 17486  0 . 00303  
339 . 80 444 . 15 5250  3 6 . 2  106 . 0  0 . 16325  0 . 0 0283  
339 . 8 0 444 . 15 3553 24 . 5  106 . 0  0 . 14 412 0 . 00250  
339 . 80 4 44 . 15 3553 2 4 . 5  106 . 0  0 . 13388  0 . 00233  
339 . 80 4 44 . 15 3568  2 4 . 6  104 . 0  0 . 15386  0 . 00267 
339 . 80 444 . 15 3568  24 . 6  104 . 0  0 . 13676  0 . 00238  
339 . 8 0 4 4 4 . 15 2 002  13 . 8  104 . 0  0 . 11762 0 . 00204  
339 . 80 4 44 . 15 2 0 02  13 . 8  104 . 0  0 . 11420 0 . 00199  
339 . 80 444 . 15 2002  13 . 8  104 . 0  0 . 09505  0 . 00165  
339 . 80 444 . 15 2002 13 . 8  104 . 0  0 . 10667  0 . 00185  
339 . 80 444 . 15 22568  155 . 6  163 . 9  0 . 30657  0 . 00521  
338 . 00 443 . 15 22568  155 . 6  163 . 9  0 . 30194  0 . 00513 
338 . 00 443 . 15 I 22582  155 . 7  162 . 1  0 . 30487  0 . 00518  
338 . 00 443 . 15 22582  155 . 7  162 . 1  0 . 2 9 426  0 . 00500  
3 3 8 . 36  443 . 35 19072 131 . 5  163 . 4  0 . 27884  0 . 00474  
338 . 36 443 . 35 19072 131 . 5  16 3 . 4  0 .  27155  0 . 00461  
336 . 20 442 . 15 16099  111 . 0  159 . 8  0 . 2 6 409  0 . 00449  
336 . 20 442 . 15 16099  111 . 0  15 9 . 8  0 . 27736  0 . 00472 
338 . 36 443 . 35 13097 90 . 3  157 . 8  0 . 21853  0 .  00372  
338 . 36 443 . 35 13097 90 . 3  157 . 8  0 . 2 1986  0 . 00375  
336 . 20 4 4 2 . 15 10298  71 . 0  15 9 . 5  0 . 19777 0 . 00337 
336 . 2 0  4 4 2 . 15 10298  71 . 0  159 . 5  0 . 18250  0 . 00311 
336 . 2 0  4 4 2 . 15 7165  4 9 . 4  159 . 5  0 . 17786  0 . 00303  
336 . 20 4 42 . 15 7165 49 . 4  1 5 9 . 5  0 . 17454  0 . 00297 
336 . 2 0  4 4 2 . 15 5105 35 . 2  15 9 . 5  0 . 14401  0 . 00246  
336 . 2 0 4 42 . 15 5105  35 . 2  1 5 9 . 5  0 . 1 4268  0 . 0 0243  
336 . 20 4 42 . 15 3553  24 . 5  159 . 5  0 . 11348 0 . 00194 
336 . 2 0 442 . 15 3553  24 . 5  159 . 5  0 . 11680  0 . 00199  
337 . 10 442 . 65 2 0 6 0  14 . 2  159 . 5  0 . 0 8760  0 . 00150 
337 . 6 4 442 . 95 2 016 13 . 9  159 . 5  0 . 08229  0 . 00140 
337 . 6 4  442 . 95 2 016 13 . 9  159 . 5  0 . 08229  0 . 00140  
338 . 3 6 443 . 35 22539  155 . 4  224 . 3  0 . 2 4 5 6 3  0 . 00409  
338 . 36 4 43 . 35 22539  155 . 4  2 2 4 . 3  0 . 2 4 177 0 . 00402  
338 . 36 443 . 35 22336  155 . 4  2 2 4 . 3  0 . 25077 0 . 00417 
338 . 36 4 43 . 35 22336  155 . 4  2 2 4 . 3  0 . 2 5206  0 . 00419  
3 3 8 . 00 443 . 15 19087 131 . 6  2 2 3 . 7  0 . 2 2061  0 . 00367  
338 . 00 4 43 . 15 19087  131 . 6  2 2 3 . 7  0 . 2 0518 0 . 00342  
337 . 6 4 442 . 95 16027 110 . 5  2 2 3 . 5  0 . 19362  0 . 00323  
338 . 00 443 . 15 16070  110 . 8  223 . 5  0 . 18911 0 . 00315  
338 . 00 4 43 . 15 16070  110 . 8  223 . 5  0 . 2 0262  0 . 00337 

(cont . )  



Aqueous E lectrolyte Solutions 1 39 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4-82- 8 ]  Blount,  c .  W.· ;  Price , L .  c 0 ; 

2 .  Sodium chloride ; NaCl ; Wenger , L .  M . ; Tarullo , M .  
[ 7 6 4 7-14-5 ] DOE Contract report DE-A5 0 8 -

3 .  Water ; H 2 0 ;  [ 7 7  32-18-5 ] 7 8ET1214 5 .  

EXPERIMENTAL VALUES : 

Cone . of Methane Mole 
T/° F  T/K P/psi P/MPa NaCl solubiliti fraction 

/g dm- 3 /mol kg- .:x:CH� 

3 3 8 . 0 0 4 4 3 . 15 13082  9 0 . 2  2 2 3 . 7  0 . 18 0 7 4  0 . 0 0 3 0 1  
3 3 8 . 0 0 4 4 3 . 15 13097  9 0 . 3  2 2 3 . 7  0 . 1 8 6 52 0 . 0 0 311 
3 3 8 . 0 0 4 4 3 . 15 13097  9 0 . 3 2 2 3 . 7  0 . 19553  0 . 0 0 3 2 6  
337 . 6 4 4 4 2 . 9 5 1 0 0 6 6  6 9 . 4  2 2 3 . 5  0 . 14 9 8 8  0 . 0 0 2 5 0  
3 3 8 . 36 4 4 3 . 35 10051 6 9 . 3  2 2 3 . 5  0 . 14 9 8 8  0 . 0 0 2 5 0  
3 3 8 . 3 6 4 4 3 . 35 10051  6 9 . 3  2 2 3 . 5  0 . 15052  0 . 00251  
335 . 8 4 4 4 1 . 95 7 0 3 4  4 8 . 5  2 2 0 . 4  0 . 12 4 9 7  0 . 0 0 2 0 9  
338 . 0 0 4 4 3 . 15 7 092 4 8 . 9  2 2 0 . 4  0 . 13656  0 . 0 0 2 2 8  
3 3 8 . 0 0 4 4 3 . 15 7 0 9 2  4 8 . 9  2 2 0 . 4  0 . 13334  0 . 0 0 2 2 3  
3 3 8 . 0 0 4 4 3 . 15 5178  35 . 7  2 2 6 . 5  0 . 0 9 7 6 4  0 . 00163  
3 38 . 00 4 4 3 . 15 5 0 3 3  34 . 7  2 2 6 . 5  0 . 0 9 3 7 8  0 . 00156  
33 8 . 00 4 4 3 . 15 5 0 3 3  34 . 7  2 2 6 . 5  0 . 0 9 7 0 0  0 . 00162  
3 3 8 . 0 0 4 4 3 . 15 3 6 2 6  2 5 . 0 2 2 0 . 4  0 . 0 8 2 4 5  0 . 00138  
3 3 8 . 0 0 4 4 3 . 15 3 6 2 6  2 7 . 1  2 2 0 . 4  0 . 0 7 6 6 6  0 . 00128  
3 3 8 . 4 0 4 4 3 . 3 5 2 2 6 3  15 . 6  2 2 6 . 5  0 . 0 6 1 6 7  0 . 0 0 1 0 3  
3 3 8 . 4 0 4 4 3 . 35 2 2 7 7  15 . 7  2 2 6 . 5  0 . 06167  0 . 00103  
3 3 8 . 0 0 4 4 3 . 15 2 2 4 8 0  155 . 0  2 8 9 . 9  0 . 18 3 0 3  0 . 0 0 2 9 8  
3 3 8 . 00 4 4 3 . 15 2 2 4 8 0  155 . 0  2 8 9 . 9  0 . 17 8 0 3  0 . 0 0 2 9 0  
3 4 0 . 0 0  4 4 4 . 15 2 1 5 5 3  1 4 8 . 6  2 8 9 . 9  0 . 18178  0 . 0 0 2 9 6  
3 3 8 . 0 0 4 4 3 . 15 19232  132 . 6  2 8 7 . 2  0 . 16 8 2 3  0 . 0 0 2 7 4  
33 8 . 00 4 4 3 . 15 19232  132 . 6  2 87 . 2  0 . 16 9 4 8  0 . 0 0 2 7 6  
3 3 8 . 0 0 4 4 3 . 15 1 6 2 5 8  112 . 1  2 8 4 . 5  0 . 16 4 6 7  0 . 0 0 2 6 8  
338 . 0 0 4 4 3 . 15 16258  112 . 1  2 8 4 . 5  0 . 15 7 7 8  0 . 0 0 2 5 7  
3 3 8 . 00 4 4 3 . 15 13256  91 . 4  2 8 3 . 0  0 . 14 4 7 2  0 . 0 0 2 3 6  
3 3 8 . 0 0 4 4 3 . 15 13256  91 . 4  2 8 3 . 1  0 . 1 3 4 0 7  0 . 00219  
338 . 0 0 4 4 3 . 15 13256  91 . 4  2 8 3 . 1  0 . 13595  0 . 0 0 2 2 2  
3 3 '3 . 0 0  4 4 3 . 15 13256  91 . 4  2 8 3 . 1  0 . 14 0 9 6  0 . 0 0 2 3 0  
3 3 8 . 9 0 4 4 3 . 6 5 10211 7 0 . 4  2 8 3 . 1  0 . 12 6 5 5  0 . 0 0 2 0 7  
3 3 8 . 9 0 4 4 3 . 6 5 10211 7 0 . 4  2 8 3 . 1  0 . 12 0 9 1  0 . 0 0 1 9 7  
3 3 9 . 4 4 4 4 3 . 95 7252  5 0 . 0  2 8 3 . 1  0 . 0 9 3 9 7  0 . 00153 
339 . 4 4 4 4 3 . 9 5 7252  5 0 . 0  2 8 3 . 1  0 . 0 9 8 3 6  0 . 0 0161  
339 . 4 4  4 4 3 . 95 5163  35 . 6  2 82 . 1  0 . 0 8 0 8 5  0 . 00132  
339 . 4 4  4 4 3 . 9 5 5163  35 . 6  2 8 2 . 1  0 . 0 8 5 2 4  0 . 00139  
33 8 . 9 0 4 4 3 . 6 5 3539  2 4 . 4  2 82 . 1  0 . 0 6 5 8 1  0 . 00108  
3 3 8 . 9 0 4 4 3 . 6 5 3539  2 4 . 4  2 82 . 1  0 . 0 6 7 6 9  0 . 00 111 
4 0 1 . 0 0 4 7 8 . 15 2 2 4 5 2  154 . 8  3 . 1  0 . 91139 0 . 01614  
4 0 1 . 4 5  4 7 8 . 4 0 2 2 7 4 2  15 6 . 8  3 . 5  0 . 8 9 2 9 3  0 . 01581  
401 . 4 5 4 7 8 . 4 0  2 2 7 4 2  15 6 . 8  3 . 5  0 . 91696  0 . 0 1 6 2 3  
4 0 1 .  45  4 7 8 . 4 0 1 9 4 0 6  133 . 8  3 . 5  0 . 83321  0 . 01477  
4 0 1 . 4 5 4 7 8 . 4 0 19406  13 3 . 8  3 . 5  0 . 9 0 0 9 4  0 . 01595  
4 0 0 . 5 5 4 7 7  0 9 0  19319  133 . 2  3 . 5  0 . 8 6 9 6 2  0 . 01541  
4 0 0 . 55 4 7 7 . 9 0 19319  133 . 2  3 . 5  0 . 8 8 8 5 6  0 . 01574  
401 .  9 0  4 7 8 . 6 5 1 6 4 1 8  113 . 2  3 . 5  0 . 7 8 7 3 2  0 . 01397  
4 01 . 9 0 4 7 8 . 6 5 1 6 3 6 0  112 . 8  3 . 5  0 . 8 3 6 8 5  0 . 0 1 4 8 4  
401 . 9 0 4 7 8 . 6 5 1 6 3 6 0  112 . 8  3 . 6  0 . 81281  0 . 0 1 4 4 2  
4 01 . 9 0 4 7 8 . 6 5 13140  9 0 . 6  3 . 5  0 . 7 0138  0 . 012 4 6  
4 0 1 . 9 0 4 7 8 . 6 5 1 3 1 4 0  9 0 . 6  3 . 5  0 . 7 1 7 4 0  0 . 01275  
4 0 1 . 4 5  4 7 8 . 4 0  10356  7 1 . 4  3 . 5  0 . 6 2 6 37 0 . 01115 
4 01 . 18 4 7 8 . 2 5  1 0 2 6 9  7 0 . 8  3 . 5  0 . 6 6 6 4 2  o .  01185 
4 0 0 . 82 4 7 8 . 05 1 0 3 2 7  71 . 2  3 . 5  0 . 6 3 6 5 6  0 . 01133  
4 0 0 . 82 4 7 8 . 05 1 0 3 2 7  71 . 2  3 . 5  0 . 6 1 9 0 8  0 . 01102 
398 . 75 4 7 6 . 9 0 7310  50 . 4  3 . 5  0 . 5 7 6 8 4  0 . 01027  
3 9 8 . 75  4 7 6 . 90 7310  5 0 . 4  3 . 5  0 . 5 8 2 6 6  0 . 0 1 0 3 8  
3 9 8 . 30 4 7 6 . 65 5 2 0 7  35 . 9  3 . 5  0 . 4 1 3 6 9  0 . 0 0 7 3 9  
3 9 8 . 30 4 7 6 . 76 5 2 0 7  35 . 9  3 . 5  0 . 4 12 2 3  0 . 0 0 7 3 6  
3 9 8 . 12 4 7 6 . 5 5 3655  25 . 2  3 . 5  0 . 31755 0 . 0 0 5 6 8  

(cont . )  



1 40 Aqueous Electrolyte Sol utions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

l .  Methane ; CH � ; [ 74 - 8 2 - 8 ]  Blount , C .  w . ; Price , L .  C . ; 

2 .  Sodium chloride ; NaCl ; Wenger , L .  M . ; Tarullo , M .  
[ 7 6 4 7-14-5 ] DOE Contract report DE-A5 08-

3 .  Water;  H2 0 ;  [ 7 7 32-18-5 ] 7 8ET1214 5 .  

EXPERIMENTAL VALUES :  

Cone . of Methane Mole 
TjDF T/K P/psi P/MPa NaCl solubi li!:1 fraction 

/g dm- 3 /mol kg XCH� 

398 . 12 4 7 6 . 5 5 3655  2 5 . 2  3 . 5  0 . 31901 0 . 0 0 5 7 1  
397 . 2 2 4 7 6 . 05 2 0 6 0  14 . 2  3 . 5  0 . 2 6 8 0 2  0 . 0 0 4 8 0  
397 . 2 2 4 7 6 . 0 5 2 0 6 0  14 . 2  3 . 5  0 . 2 4 1 0 8  0 . 0 0 4 3 2  
4 0 1 . 9 0 4 7 8 . 6 5 19247  132 . 7  4 9 . 8  0 . 6 8 3 0 1  o .  01197 
4 01 . 9 0 4 7 8 . 6 5 19377  1 3 3 . 6  49 . 4  0 . 6 7 8 9 4  0 . 01190 
401 . 45 4 7 8 . 4 0 19522  134 . 6  4 9 . 3  0 . 6 5 3 5 5  o .  01146  
401 . 4 5  4 7 8 . 4 0 19522  134 . 6  4 9 . 3  0 . 6 6 0 6 2  0 . 01158 
4 0 1 . 4 5 4 7 8 . 4 0  1 6 0 7 0  110 . 8  4 9 . 2  0 . 6 1 6 8 5  0 . 01082  
401 . 4 5 4 7 8 . 4 0 1 6 2 4 4  112 . 0  4 9 . 0  0 . 67 0 6 3  0 . 01176  
401 . 4 5 4 7 8 . 4 0 1 6 2 4 4  112 . 0  4 9 . 0  0 . 6 4 3 0 7  0 . 0112 8 
4 0 1 . 4 5 4 7 8 . 4 0  13227  91 . 2  4 9 . 0  0 . 6 4 0 2 5  0 . 0112 3 
401 . 4 5 47 8 . 4 0 13227  91 . 2  4 9 . 0  0 . 5 9 7 8 5  0 . 01049  
4 0 1 . 4 5 4 7 8 . 4 0  9 9 7 9  6 8 . 8  4 9 . 0  0 . 5 3 2 8 3  0 . 0 0 9 3 6  
4 0 1 . 4 5 4 7 8 . 4 0  9 9 7 9  6 8 . 8  4 9 . 0  0 . 5 2 2 2 3  0 . 00918  
4 0 1 . 9 0 4 7 8 . 6 5 7194  4 9 . 6  4 8 . 8  0 . 37 8 8 3  0 . 0 0 6 6 8  
4 0 1 . 9 0 4 7 8 . 6 5 7 1 9 4  4 9 . 6  4 8 . 8  0 . 3 9 2 9 6  0 . 0 0 6 92 
4 02 . 3 5 4 7 8 . 90 7 513 51 . 8  4 8 . 8  o .  4 0 7 1 0  0 . 00717  
4 0 1 . 00 4 7 8 . 15 4 8 7 3  3 3 . 6  4 6 . 8  0 . 3 3 7 5 5  0 . 0 0 5 9 6  
401 . 0 0 4 7 8 . 15 4 9 17 33 . 9  4 6 . 8  0 . 3 6 0 91 0 . 0 0 6 3 7  
4 0 1 . 0 0 4 7 8 . 15 4 9 6 0  34 . 2  4 6 . 8  0 . 3 7 3 6 4  0 . 0 0 6 5 9  
4 01 . 0 0 4 7 8 . 15 4 9 6 0  34 . 2  4 6 . 8  0 . 3 7 5 7 7  0 . 0 0 6 6 3  
4 0 1 . 3 6 4 7 8 . 3 5 3 5 5 3  24 . 5  4 6 . 3  0 . 2 9 0 2 3  0 . 00513  
4 0 1 . 3 6 47 8 . 3 5 3 5 5 3  2 4 . 5  4 6 . 3  0 . 3 0 4 3 9  0 . 0 0 5 3 8  
4 0 1 . 3 6 4 7 8 . 35 2161  14 . 9  4 6 . 3  0 . 19254  0 . 0 0 3 4 1  
4 0 1 .  36  4 7 8 . 35 2161  14 . 9  4 6 . 3  0 . 19 6 7 9  0 . 0 0 3 4 8  
4 0 4 . 6 0 4 8 0 . 15 2 2 2 7 8  153 . 6  161 . 7  0 . 3 9 5 0 8  0 . 0 0 6 7 0  
4 0 4 . 6 0 4 8 0 . 15 2 2 2 7 8  153 . 6  161 . 7  0 . 4 0105  0 . 0 0 6 8 0  
4 0 4 . 6 0 4 8 0 . 15 2 2 2 9 2  153 . 7  161 . 7  0 . 4 0 3 0 4  0 . 0 0 6 8 4  
4 0 4 . 6 0 4 8 0 . 15 2 2 2 9 2  153 . 7  161 . 7  0 . 4 0 5 6 9  0 . 0 0 6 8 8  
4 0 4 . 6 0 4 8 0 . 15 1 8 8 5 5  130 . 0  161 . 7  0 . 3 8 0 5 0  0 . 0 0 6 4 6  
4 0 4 . 6 0  4 8 0 . 15 1 8 8 5 5  130 . 0  161 . 7  0 . 3 8 6 4 7  0 . 0 0 6 5 6  
4 0 4 . 6 0 4 8 0 . 15 15969  110 . 1  161 . 7  0 . 3 6 5 2 5  0 . 0 0 6 2 0  
4 0 4 . 6 0  4 8 0 . 15 15969  110 . 1  161 . 7  0 . 35 0 6 7  0 . 0 0 5 9 5  
4 0 4 . 2 4 4 7 9 . 9 5 1 2 9 6 6  8 9 . 4  161 . 7  0 . 3 4 5 3 7  0 . 0 0 5 8 6  
4 0 3 . 7 0 47 9 . 6 5 12952  8 9 . 3  161 . 7  0 . 3 2 6 8 1  0 . 0 0 5 5 5  
4 0 4 . 24 4 7 9 . 95 10124  6 9 . 8  161 . 7  0 . 30029  0 . 0 0 5 1 0  
4 0 4 . 24 4 7 9 . 9 5 10124  6 9 . 8  161 . 7  0 . 2 8 9 6 8  0 . 0 0 4 9 2  
4 0 4 . 2 4 4 7 9 . 95 7 0 0 5  4 8 . 3  1 6 1 . 7  0 . 2 5 6 5 4  0 . 0 0 4 3 6  
4 0 4 . 2 4 4 7 9 . 9 5 7 0 0 5  4 8 . 3  16 1 . 7  0 . 2 4 6 6 0  0 . 00419  
404 . 2 4 4 7 9 . 9 5 5 0 7 6  3 5 . 0  161 . 7  o .  21146  0 . 0 0 3 6 0  
4 0 4 . 24 47 9 . 95 5 0 7 6  35 . 0  161 . 7  0 . 2 33 3 4  0 . 0 0 3 97 
4 0 4 . 2 4 4 7 9 . 9 5 3 5 6 8  2 4 . 6  161 . 7  0 . 16 8 3 7  0 . 0 0 2 8 7  
4 0 4 . 2 4 4 7 9 . 9 5 3 5 6 8  2 4 . 6  161 . 7  0 . 16 5 7 2  0 . 0 0 2 8 2  
4 0 4 . 2 4  47 9 . 95 2 0 7 4  14 . 3  161 . 7  0 . 12 9 2 6  0 . 0 0 2 2 0  
4 0 4 . 2 4  4 79 . 95 2 0 7 4  14 . 3  161 . 7  0 . 11 4 0 2  0 . 00194  
4 0 2 . 4 4 4 7 8 . 95 2 2 4 8 1  155 . 0  2 2 1 . 0  0 . 30525  0 . 0 0 5 0 8  
402 . 4 4 4 7 8 . 9 5 2 2 4 8 1  155 . 0  2 21 . 0  0 . 3 2 4 5 7  0 . 0 0 5 4 0  
401 . 90  4 7 8 . 6 5 19218  132 . 5  2 2 1 . 0 0 . 3 0 2 6 8  0 . 0 0 5 0 4  
4 0 1 .  90  4 7 8 . 6 5 1 9 0 8 7  13 1 . 6  2 16 . 0  0 . 3 0 2 7 4  0 . 0 0 5 0 5  
4 01 . 90 4 7 8 . 6 5 1 9 0 8 7  131 . 6  2 16 . 0  0 . 2 9 7 5 7  0 . 0 0 4 9 6  
4 0 2 . 44 4 7 8 . 95 15635  107 . 8  2 12 . 6  o .  2 7 2 8 4  0 . 0 0 4 5 6  
4 0 2 . 4 4 4 7 8 . 95 15635  107 . 8  212 . 6  0 . 2 9 6 7 6  0 . 0 0 4 9 5  
4 0 2 . 4 4 4 7 8 . 9 5 13169  90 . 8  2 12 . 3  0 . 2 3149  0 . 0 0 3 8 7  
4 0 2 . 4 4  4 7 8 . 9 5 13169  9 0 . 8  2 12 . 3  0 . 2 3 5 37 0 . 0 0 3 9 3  
4 0 1 . 9 0 4 7 8 . 6 5  13068  9 0 . 1  2 11 . 5  0 . 2 3 5 4 6  0 . 0 0 3 9 4  
4 0 1 . 9 0 4 7 8 . 6 5 1 3 0 6 8  9 0 . 1  211 . 5  0 . 2 39 3 4  0 . 0 0 4 0 0  

(cont . )  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Blount , c .  W· . • I Price , L .  C . ; 

2 .  Sodium chloride ; NaCl ; Wenger , L .  M . ; Tarullo , M .  
[ 76 4 7-14-5]  DOE Contract report DE-A5 08-

3.  Water ; H 2 0 ;  [ 7 732-18-5 ] 7 8ET12 145 . 

EXPERIMENTAL VALUES :  

Cone . of Methane Mole 
T/°F T/K P/psi P/MPa NaCl solubilitr fraction 

/g dm- 3 /mol kg-
CH 4 

4 0 1 . 9 0 4 7 8 . 6 5 10385  71 . 6  219 . 7  0 . 2 2 3 6 0  0 . 0 0 3 7 3  
4 0 2 . 4 4  4 7 8 . 9 3 1 0 4 2 8  71 . 9  218 . 6  0 . 2 3 274  0 . 0 0 3 8 8  
4 0 2 . 4 4 4 7 8 . 95 1 0 4 2 8  71 . 9  218 . 6  0 . 2 32 1 0  0 . 0 03 8 7  
4 0 2 . 4 4 4 7 8 . 95 7092  4 8 . 9  216 . 0  0 . 18139  0 . 0 0 3 0 3  
4 0 2 . 44 4 7 8 . 95 7092  4 8 . 9  216 . 0  0 . 16202  0 . 00271  
4 0 2 . 4 4 4 7 8 . 9 5 4 9 8 9  34 . 4  211 . 5  0 . 1 4 8 7 8  0 . 0 0 2 4 9  
4 0 2 . 4 4 4 7 8 . 9 5 4 9 8 9  34 . 4  211 . 5  0 . 13 3 2 5  0 . 0 0 2 2 3  
4 0 1 .  90  4 7 8 . 6 5 3510  2 4 . 2  2 0 7 . 0  0 . 11 6 0 4  0 . 00195  
4 01 . 9 0 4 7 8 . 6 5 3510 24 . 2  2 07 . 0  0 . 112 79 0 . 0 0189  
398 . 75 4 7 6 . 9 0 2 2 6 8 4  156 . 4  2 8 1 . 7  0 . 2 7 8 3 2  0 . 0 0 4 5 3  
3 9 8 . 75 4 76 ,. 9 0  2 2 5 6 8  155 . 6  2 8 1 . 7  0 . 2 5 8 2 6  0 . 0 0 4 2 1  
3 9 8 . 75 4 7 61. 9 0  2 2 5 6 8  155 . 6  2 8 1 . 7  0 . 2 6 0 7 7  0 . 0 0 4 2 5  
399 . 2 0 477 . 15 2 2 4 5 2  154 . 8  2 8 1 . 7  0 . 2 6 7 0 4  0 . 0 0 4 3 5  
39 8 . 75 4 7 6 . 9 0 2 2 2 2 0  153 . 2  2 8 1 . 7  0 . 2 8 1 4 6  0 . 0 0 4 5 8  
3 9 8 . 75 4 7 6 . 90  2 2 2 2 0  153 . 2  2 81 . 7  0 . 2 8 8 3 5  0 . 0 0 4 7 0  
3 9 8 . 75 4 7 6 . 90  2 2 5 9 7  15 5 . 8  2 81 . 7  0 . 2 6 8 9 2  0 . 00 4 3 8  
3 9 8 . 75 4 7 6 . 9 0 2 2 5 9 7  155 . 8  2 8 1 . 7  0 . 2 8 0 2 0  0 . 0 0 4 5 6  
399 . 2 0 4 7 7 . 15 19363  133 . 5  2 8 1 . 7  0 . 2 4 071 0 . 00392  
39 9 . 2 0 477 . 15 1 9 3 6 3  133 . 5  2 8 1 . 7  0 . 2 6 1 4 0  0 . 0 0 4 2 6  
3 9 9 . 2 0  4 7 7 . 15 16273  112 . 2  2 8 1 . 7  o .  2 4 0 71 0 . 00392  
399 . 2 0  477 . 15 16273  112 . 2  2 81 . 7  0 . 2 2 3 7 9  0 . 0 0 3 6 5  
3 9 8 . 75 4 7 6 . 9 0 13198  91 . 0  2 8 1 . 7  0 . 2 0 7 4 9  0 . 0 0 3 3 8  
3 9 8 . 7 5 4 7 6 . 90 13198  91 . 0  2 8 1 . 7  0 . 2 0 4 9 8  0 . 0 0 3 3 4  
3 9 8 . 3 0 4 7 6 . 65 1 0 2 6 9  70 . 8  2 7 3 . 7  0 . 18 6 1 8  0 . 0 0 3 05 
398 . 30 4 7 6 . 6 5 1 0 2 6 9  70 . 8  2 7 3 . 7  0 . 1 8 4 3 0  0 . 00302  
398 . 3 0 4 7 6 . 6 5 7107 4 9 . 0 2 7 3 . 7  0 . 15159 0 . 0 0 2 4 8  
398 . 30 4 7 6 . 6 5 5163  35 . 6  25 5 . 8  0 . 11 6 6 4  0 . 00192 
3 9 8 . 30 4 7 6 . 6 5 5163  35 . 6  25 5 . 8  0 . 10 8 4 0  0 . 00179  
39 8 . 75 4 76 . 9 0 5 4 5 3  37 . 6  2 4 9 . 1  0 . 12 2 7 1  0 . 0 0 2 0 3  
3 9 8 . 75 4 76 . 9 0 5 4 5 3  37 . 6  2 4 9 . 1  0 . 12 2 07 0 . 00202  
398 . 30 4 7 6 . 6 5 3 6 8 4  25 . 4  2 4 3 . 6  0 . 0 9 6 8 8  0 . 0 01 6 0  
3 9 8 . 3 0 4 7 6 . 6 5 3 6 8 4  25 . 4  2 4 3 . 6  o .  09114 0 . 00151  
4 6 2 . 2 0  512 . 15 18942  13 0 . 6  47 . 7  0 . 95621  0 . 0 1 6 6 9  
4 6 2 . 2 0 512 . 15 19145 132 . 0  4 7 . 6  1 . 0 6 307  0 . 01852  
4 6 2 . 2 0 512 . 15 19145 132 . 0  4 7 . 6 0 . 99941  0 . 017 4 3  
4 6 2 . 2 0  512 . 15 19218  132 . 5  4 7 . 5  0 . 9 7 4 0 1  0 . 0 1 6 9 9  
4 6 2 . 2 0 512 . 15 1 5 9 6 9  110 . 1  4 7 . 4  0 . 8 9 5 5 6  0 . 01565  
4 6 2 . 2 0 512 . 15 15969  110 . 1  4 7 . 4  0 . 8 6 3 0 2  0 . 01509  
4 6 2 . 2 0  512 . 15 13329  91 . 9  4 6 . 3  o .  8 9 9 72 0 . 01572  
462 . 2 0 512 . 15 1 3 3 2 9  91 . 9  4 6 . 3  0 . 8 8 2 0 2  0 . 01542  
4 62 . 2 0  512 . 15 13576  93 . 6  4 6 . 1  0 . 7 5 9 6 6  0 . 01331  
4 6 2 . 2 0 512 . 15 14214 98 . 0  4 5 . 8  0 . 8 4194  0 . 0 1 4 7 3  
4 6 2 . 2 0 512 . 15 14504  100 . 0  4 5 . 8 0 . 8 3415  0 . 0 1 4 6 0  
4 6 2 . 2 0 512 . 15 1 4 5 0 4  1 0 0 . 0  4 5 . 8  0 . 8 4 5 4 8  0 . 01479  
4 6 2 . 2 0 512 . 15 9573  6 6 . 0  4 5 . 8  0 . 71873  0 . 0 1 2 6 0  
4 6 2 . 2 0 512 . 15 9573  6 6 . 0  4 5 . 8  0 . 71519 0 . 01254  
4 6 2 . 2 0 512 . 15 7 3 9 7  5 1 . 0 4 5 . 3 0 . 6 5 4 5 0  0 . 01149  
4 6 2 . 2 0 512 . 15 7 3 9 7  51 . 0  4 5 . 3  0 . 5 9 9 9 6  0 . 01054  
4 62 . 2 0 512 . 15 5 0 18 34 . 6  4 5 . 1  0 . 52919  0 . 0 0 9 31 
4 6 2 . 2 0 512 . 15 5 2 2 1  36 . 0  4 4 . 0  0 . 4 7 9 2 3  0 . 0 0 8 4 4  
4 6 2 . 2 0 512 . 15 5 3 0 8  36 . 6  4 3 . 7  0 . 4 8 0 7 4  0 . 0 0 8 4 7  
4 6 2 . 2 0 512 . 15 5 3 0 8  36 . 6  4 3 . 7  0 . 4 8 145  0 . 0 0 8 4 8  
4 6 0 . 4 0 5 11 . 15 3 5 6 8  2 4 . 6  4 3 . 7  0 . 4 4 174 0 .  00779  
4 6 0 . 4 0  511 . 15 3568  2 4 . 6  4 3 . 7  0 . 3 8 2 8 9  0 . 0 0 6 7 6  
4 6 0 . 4 0 511 . 15 2 0 31 14 . 0  4 3 . 2  0 . 2 9 3 6 4  0 . 00519  
4 6 0 . 4 0  511 . 15 2 0 3 1  14 . 0  4 3 . 2  0 . 2 6 2 4 3  0 . 0 0 4 6 4  

( cent . )  



1 42 Aqueous Electrolyte Sol utions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ] Blount , c .  w . ; Price , L .  C . ; 

2 .  Sodium chloride ; NaCl ; Wenger ,  L .  M . ; Tarullo , M .  
[ 7 6 4 7-14-5 ] DOE Contract report DE-A5 08-

3 .  Water ; H 2 0 ;  [ 7 7 3 2-18-5 ] 78ET1214 5 .  

EXPERIMENTAL VALUES :  

Cone . of Methane Mole 
TjOF T/K P/psi P/MPa NaCl solubiliti fraction 

/g dm- 3  /mol kg- xCH 4 

4 6 0 . 4 0  511 . 15 2 0 4 5  14 . 1 4 3 . 2  0 . 2 4 8 9 6  0 . 0 0 4 4 1  
4 61 . 8 4 511 . 95 19203  1 3 2 . 4  158 . 4  0 . 5 2 2 5 8  0 . 0 0 8 8 6  
4 6 1 . 8 4  511 . 9 5 1 9 2 0 3  132 . 4  158 . 4  0 . 51926  0 . 00 8 8 0  
4 6 2 . 2 0 512 . 15 16172  111 . 5  158 . 4  0 . 4 9 2 7 0  0 . 0 0 8 35 
4 6 2 . 2 0  5 12 . 15 16172  111 . 5  158 . 4  0 . 4 9 4 0 3  0 . 0 0 8 3 8  
4 61 . 30 511 . 6 5 13169  9 0 . 8  158 . 4  0 . 4 3759  0 . 0 0 7 4 3  
4 6 1 . 3 0 511 . 6 5 13169  90 . 8  158 . 4  0 . 4 6 2 8 2  0 .  0 0 7 8 5  
4 6 1 . 84 511 . 95 9 9 6 4  6 8 . 7  161 . 9  0 . 38510  0 . 0 0 6 5 3  
4 6 1 .  8 4  511 . 95 9 9 6 4  6 8 . 7  161 . 9  0 . 3 8 2 4 5  0 . 0 0 6 4 9  
4 6 1 . 8 4  511 . 95 7 0 7 8  4 8 . 8  161 . 9  0 . 31153 0 . 0 0 5 2 9  
4 6 1 . 8 4  511 . 9 5 7 0 7 8  4 8 . 8  161 . 9  0 . 2 9 2 9 7  0 . 0 0 4 9 8  
4 5 9 . 5 0 510 . 65 5 0 0 4  34 . 5  161 . 9  0 . 2 8 3 6 9  0 . 0 0 4 8 2  
459 . 5 0 510 . 6 5 5 0 0 4  34 . 5  161 . 9  0 . 2 8 5 6 8  0 . 0 0 4 8 6  
4 6 1 . 8 4  511 . 95 3510  2 4 . 2  16 1 . 9  0 . 2 1012 0 . 0 0 3 5 8  
4 6 1 . 8 4  511 . 95 3510 24 . 2  161 . 9  0 . 21542  0 . 0 0 3 6 7  
4 6 1 .  8 4  511 . 95 3 4 5 2  2 3 . 8  161 . 9  0 . 21210  0 . 0 0 3 6 1  
4 6 1 . 8 4  511 . 9 5 3 4 5 2  2 3 . 8  161 . 9  0 . 21012 0 . 0 0 3 5 8  
4 6 2 . 2 0 512 . 15 19232  132 . 6  2 5 3 . 8  0 . 3 7 6 8 8  0 . 00619  
4 6 2 . 2 0 512 . 15 19232  132 . 6  2 5 3 . 8  0 . 37054  0 . 0 0 6 0 9  
4 6 4 . 0 0 513 . 15 16331  112 . 6  2 5 3 . 2  0 . 3 3 4 4 6  0 . 00550  
4 6 4 . 0 0 513 . 15 16331  112 . 6  2 5 3 . 2  0 . 37 8 8 9  0 . 0 0 6 2 3  
4 6 4 . 0 0 513 . 15 15867  109 . 4  2 5 0 . 4  0 . 3 4 4 4 1  0 . 0 0 5 6 7  
4 6 4 . 0 0 513 . 15 15867  109 . 4  2 5 0 . 4  0 . 33297  0 . 0 0 5 4 8  
4 6 4 . 0 0 513 . 15 13140  9 0 . 6  2 4 8 . 3  0 . 3 2 9 4 7  0 . 0 0 5 4 3  
4 6 4 . 0 0 513 . 15 13140  9 0 . 6  2 4 8 . 3  0 . 33583  0 . 00553  
4 6 4 . 00 513 . 15 13256  9 1 . 4 2 4 3 . 6  0 . 3 2 4 4 2  0 . 00535 
4 6 4 . 0 0 513 . 15 13256  91 . 4  2 4 3 . 6  0 . 32506  0 . 0 0 5 3 6  
4 6 4 . 0 0 513 . 15 1 0 2 9 8  7 1 . 0  2 2 9 . 4  0 . 2 8 2 2 6  0 . 0 0 4 6 9  
4 6 4 . 0 0 513 . 15 10298  7 1 . 0 2 2 9 . 4  0 . 2 7 392 0 . 0 0 4 5 5  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 ) Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Sodium chloride ; NaCl ; 
[ 7 647-14- 5 ]  

Stoessell , R .  � . ; Byrne , P .  A .  

Geoahim . Cosmoahim . Aata 1982,  4 6 ,  
1327-32 . 

( 3 )  Water ; H20 ;  [ 7 7 3 2-18- 5 ]  

VARIABLES : T/K = 298 . 15 PREPARED BY : 

EXPERIMENTAL VALUES : 

Temperature 

= 24 10-5170 
= 0 - 4 . 0  

Pressure Sodium 
Chloride 

H .  L .  Clever 

Methane Salt Effect 
Parameter 

t/ ° C T/K p 1/psia p 1jkPa m2;mol kg- 1 m1/mol kg- 1  ksmm/kg mol- 1 

--

25  2 9 8 . 15 350  2410  0 0 . 0319 -
0 . 5  0 . 0 2 8 4  0 . 101 
1 . 0  0 . 0 2 4 4  0 . 116 
2 . 0  0 . 0 1 8 0  0 . 124  
4 . 0  0 . 0106  0 . 12 0  

550  3 7 9 0  0 0 . 04 8 3  -
0 . 5  0 . 0412  0 . 1 38 
1 . 0  0 . 0352  0 . 137 
2 . 0  0 . 0272  0 . 125 
4 . 0  0 . 0157 0 . 12 2  

7 5 0  517 0 0 0 . 0617 -
0 . 5  0 . 0539  0 . 117 
1 . 0 0 . 0 4 6 4  0 . 124  
2 . 0  0 . 0347  0 . 124 
4 . 0  0 . 02 0 6  0 . 119 

0 . 121 (authors) 

The salt effect parameter is defined as ksmm = log y1/I 
. * * where I 1s the ionic strength (molality) and y1 = (m 1 t1!m1f1 ) T 

with m1 and f
� 

the solubility and fugacity , repectively , of me�hane at p 
and T .  The " *  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control . The system pres
sure was set by controlling the input 
and output of methane within the 
chamber ' s  headpiece.  The vessel was 
rocked for three h to allow equilibra
tion between the methane and solution . 

The amount of gas in the saturat
ed solution was measured by transfer 
of a sample volume to a loop at the 
system pressure , fol lowed by flashing 
the sample in an expansion loop and 
measuring the gas pressure in a known 
volume . The total gas volume and 
pressure change were used to compute 
the moles of released gas assuming 
ideal behavior . A correction was made 
for the gas not released on flashing . 

M-F 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson Co . ,  Inc . 
Ultra high purity grade , stated 
to be a minimum of 9 9 . 9 7 mole 
percent methane . 

( 2 )  Sodium chloride . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals . 

( 3 )  Water . Distilled . 

ESTIMATED ERROR: 
op l /psia = ± 1 

oml/ml= ± 0 . 0 1 

REFERENCES : 



1 44 Aqueous Electrolyte Sol utions 

COHPONENTS : ORIGINAL MEASUREMENTS :  

( 1 )  Methane � cH4 � [ 7 4 -82-8 ] 
Cramer ,  s .  D .  

( 2 )  Sodium chloride � NaCl � [ 7 6 4 7-14 -5 ] 

( 3 )  Wate r �  H2o �  [ 7 73 2-18-5 ] 
Ind .  Eng .  Chem. Proaesss  De s .  Dev . 
1 9 8 4 ,  2 3 ,  533-8 . 

Also Salton sea geothermal brine . 

EXPERIMENTAL VALUES :  

Temperature Total Henry ' s  
Pressure Constant 

Pt!MPa k/MPa 

NaCl-1 , 0 . 8 lm , 0 . 7 9 M, 0 . 8 1 I.  

3 . 0  
13 . 0  
2 0 . 0  
4 1 . 6  
7 3 . 3  

100 . 4  
124 . 6  
1 4 6 . 0  
17 4 . 5  
19 1 . 6  
24 0 . 6  
264 . 0  

276 . 2  
2 8 6 . 2  
293 . 2  
314 . 8  
346 . 5  
373 . 6  
397 . 8  
419 . 2  
4 4 7 . 7  
4 6 4 . 8  
513 . 8  
537 . 2  

1 . 9  
2 . 2  
3 . 3  
4 . 1  
2 . 7  
3 . 0  
3 . 0  
6 . 3  
5 . 0  
5 . 5  
8 . 7  

10 . 3  

3620  
4 1 9 0  
5 6 4 0  
7120  
8 4 0 0  
9 2 6 0  
7 8 7 0  
8150  
6 4 4 0  
5350  
3 4 0 0  
2 4 5 0  

NaCl-2 , 1 . 95 m ,  1 . 8 6 M ,  1 . 9 5 I .  

0 . 5  
5 . 0  

12 . 6  
13 . 0  
2 6 . 3  
4 7 . 5 
78 . 0  

102 . 0  
131 . 9  
16 1 . 8  
20 5 . 2  
2 24 . 6  
2 4 4 . 9  
271 . 4  
301 . 1  

2 7 3 . 7  
278 . 2  
2 8 5 . 8  
28 6 . 2  
2 9 9 . 5  
32 0 . 7  
351 . 2  
37 5 . 2  
405 . 1  
435 . 0  
4 7 8 . 4  
4 9 7 . 8  
518 . 1  
54 4 . 6  
57 4 . 3  

2 . 3  
2 . 7  
2 . 3  
2 . 6  
2 . 3  
1 . 9  
2 . 3  
4 . 6  
3 . 5  
4 . 4  
7 . 1  
8 . 9  
8 . 1  

10 . 1  
11 . 9  

5530  
5870  
7080  
6060  
8230  

10530  
11770  
12260  
1 0 4 5 0  

8 6 2 0  
6 7 7 0  
5 3 3 0  
3820  
3180  
2070  

NaCl- 3 ,  3 . 1 8 m ,  2 . 9 7 M,  3 . 18 I .  

3 . 5  
12 . 5  
12 . 5  
24 . 5  
4 5 . 7  
6 0 . 2  
6 1 . 8 
6 1 . 9  
75 . 4  
8 8 . 8  

111 . 9  
134 . 4  
162 . 2  
180 . 7  
203 . 7  
205 . 3  
2 2 5 . 1  
2 56 . 0  
2 6 9 . 5  
27 1 . 5  
29 5 . 6  

276 . 7  
285 . 7  
2 8 5 . 7  
297 . 7  
31 8 . 9  
33 3 . 4  
33 5 . 0  
335 . 1  
34 8 . 6  
362 . 0  
385 . 1  
4 0 7 . 6  
435 . 4  
4 5 3 . 9  
4 7 6 . 9  
4 7 8 . 5  
4 9 8 . 3  
52 9 . 2  
54 2 . 7  
544 . 7  
5 6 8 . 8  

3 . 3  
2 . 4  
2 . 5  
4 . 1  
3 . 1  
1 . 1  
3 . 4  
3 . 3  
2 . 4 
4 . 0  
5 . 2  
4 . 3  
5 . 5  
6 . 8  
5 . 7  
6 . 8  
7 . 3  
9 . 4  

11 . 3  
10 . 8  
12 . 4  

8 1 6 0  
8 8 6 0  
9 0 9 0  

1 3 3 9 0  
1 5 5 9 0  
17330  
1 4 2 9 0  
15350  
17160  
16300  
15920  
1 4 8 7 0  
12870  
11200  

7 4 3 0  
1 0 8 7 0  

7160  
5670  
5250  
5050  
3410  

Temperature Total 
Pressure 

P t/MPa 

Henry ' s  
Constant 

k/MPa 

NaCl-4 , 4 . 7 0 m ,  4 . 2 6  M, 4 . 7 0  I. 

3 . 5  
13 . 3  
31 . 7  
61 . 6  
8 9 . 5  

112 . 6  
115 . 7  
1 4 6 . 9  
1 59 . 4  
204 . 8  
2 4 1 . 1  
2 8 7 . 9  

2 7 6 . 7  
2 8 6 . 5  
30 4 . 9  
334 . 8  
362 . 7  
38 5 . 8  
388 . 9  
4 2 0 . 1  
4 32 . 6  
4 7 8 . 0  
514 . 3  
5 61 . 1  

2 . 4  
2 . 3  
3 . 7  
3 . 9  
5 . 5  
5 . 4  
4 . 7  
4 . 7  
3 . 7  
5 . 8  
8 . 2  

10 . 9  

17560  
1 4 6 5 0  
2 3 5 6 0  
2 3 3 6 0  
2 8 150 
2 1110 
2 7 4 7 0  
20110 
1 8 710 
15400  
10240  

6 7 4 0  

SSGB , Synthetic Salton sea geothermal 
brine , 4 . 0 5 m ,  3 . 5 5 M ,  6 . 18 I .  

4 . 5  
12 . 5  
16 . 0  
4 5 . 3  
60 . 2  
8 8 . 1  

121 . 7  
1 6 6 . 8  
204 . 3  
2 3 3 . 0  
2 6 8 . 0  
301 . 0  

277 . 7  
2 8 5 . 7  
2 8 9 . 2  
318 . 5  
333 . 4  
361 . 3  
394 . 9  
4 4 0 . 0  
4 7 7 . 5  
506 . 2  
5 4 1 . 2  
574 . 2  

2 . 6  
2 . 7  
2 . 7  
1 . 1  
1 . 1  
1 . 1  
1 . 1  
2 . 7  
5 . 3  
6 . 4  

10 . 5  
12 . 7  

12490  
13160  
12920  
17990  
1 7 6 3 0  
1 8 0 0 0  
1 6 7 9 0  
1 6 4 5 0  
1 3 1 8 0  

9 2 0 0  
6320  
4830  

Composition of the synthetic Salton sea 
geothermal brine . 

Constituent ppm by wt 

barium 2 0 7  
boron 324 
calcium 23 9 0 0  
cesium 17  
chlorine 129 0 0 0  
iron 1 6 6 0  
lead 6 6  
lithium 174  
magnesium 8 
manganese 1 1 4 0  
potassium 13 7 0 0  
rubidium 5 8  
silica 3 3 2  
sodium 4 4  0 0 0  
strontium 3 6 5  
sulfur 2 5  
z inc 4 1 5  

m = m2!mol kg-1 � M = a2/mol dm- 3 � 
I = �m . z � , ionic strength in molality . 

'!- '!-
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COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane : CH4 : [ 74 -82-8 ] 
Cramer , s .  D .  

( 2 )  Sodium chloride : NaCl : [ 7 6 4 7-14-5 
Ind . Eng .  Chern. Proaess  De s .  Dev .  

( 3 )  Water : H2 o :  [ 7 7 32-18-5 ] 1984 , 2 3, 5 3 3-8 . 
' 

Also Salton sea geothermal brine . 

VARIABLES : PREPARED BY : 
T/K = 2 7 3 . 7  - 30 1 . 1  H .  L .  Clever 

P t!MPa = 1 . 1 - 12 . 7  
rn2!mol kg- 1  = 0 . 8 1 - 4 . 70 

ADDITIONAL I NFORMATION: Author ' s  smoothed values of Henry ' s  constant and 
NaCl salt effect parameters . 

Temperature Henry ' s  constant , k/MPa = <f1 /MPa) /x1 Salt Effect 
Parameter 

t/ ° C T/K NaCl-1 NaCl-2 NaCl-3 NaCl-4 SSGB 
0 . 81 rn 1 .  95  rn 3 . 18 m 4 . 70 rn 4 . 05  m ksmx/kg mol- 1 

--- --

0 2 7 3 . 2  3 4 0 0  5 3 2 0  7 550  14970  116 8 0  0 . 16 5  
2 0  2 9 3 . 2  5140  7 5 4 0  1 0 8 4 0  19170  14090  0 . 1 4 1  
4 0  313 . 2  6 810 9 5 4 0  1 3 7 6 0  2 2 5 0 0  16120  0 . 12 7  
60  3 33 . 2  8120 11020  15830  2 4 6 2 0  17610  0 . 119 
80 35 3 . 2  8 8 8 0  11810  1 6 8 3 0  2 5 4 4 0  1 8 4 7 0  0 . 116 

100  3 73 . 2  9050  11900  1 6 810  25090  18670  0 . 116 

120 3 9 3 . 2  8700  1 1 3 8 0  1 5 9 7 0  2 3810  18260  0 . 11 8  
140  413 . 2  7 9 9 0  1 0 4 2 0  1 4 5 7 0  2 1 8 9 0  17310 0 . 12 2  
1 6 0  4 33 . 2  7 0 6 0  9210  1 2 8 9 0  1 9 6 0 0  1 5 9 6 0  0 . 12 6  
180  4 5 3 . 2  6 0 4 0  7910  11120 17190 1 4 3 4 0  0 . 13 0  
2 0 0  4 7 3 . 2  5 0 4 0  6 6 2 0  9 4 1 0  1 4 8 10 12560  0 . 134  

2 2 0  4 9 3 . 2  4 12 0  5 4 3 0  7 8 6 0  12580  10760  0 . 136  
2 4 0  513 . 2  3310  4 3 7 0  6 5 0 0  1 0 5 7 0  9010  0 . 137 
2 6 0  5 3 3 . 2  2 6 3 0  3 4 8 0  5 3 4 0  8 810  7390  0 . 13 6  
2 8 0  5 53 . 2  2 0 7 0  2 7 3 0  4 3 8 0  7 2 9 0  5 9 4 0  0 . 13 3  
300  5 7 3 . 2  1 6 2 0  2 1 3 0  3 5 9 0  6 0 0 0  4 6 9 0  0 . 12 8  

The methane fugacity is  estimated by subtracting water vapor pressure from 
total pressure and taking fugacity coefficient reduced properties chart . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Methane solubilities were deter

mined from pvT measurements by the 
gas extraction technique . The meas
uring apparatus consisted of : ( i )  a 
high pressure , thermostated , stirred 
reactor for dissolving the gas in the 
solvent : ( i i )  a heat exchanger for 
bringing the gas saturated solvent 
to room temperature : and ( i i i )  a low 
pressure , thermostated gas buret for 
making pvT measurements on collected 
samples of vapor and liquid . The 
apparatus and its operation were 
described earlier (ref 1 ) . 

Four to eight gas-saturated solu
tion samples were taken and analyzed 
at 15-30 minute intervals after the 
time determined necessary for satur
ation . Henry ' s  constants were compute< 
( ref 1 ) , and smoothed by a specially 
developed equation (ref 2 ) . 

Henry ' s  constant : 

k 0 = f/a = ( ¢p 1 ) / (yx1 ) see paper . 
Salt solution , k = yk 0 

SOURCE AND PURITY OF MATERIALS : 

1 .  Methane . 

2 .  Sodium chloride 

3 .  Water . 

ESTIMATED ERROR: 

No 
information . 

ok/k = ± 0 . 0 5 8  is author ' s  estima
ed experimental error . The relative 
std error of estimate is 5 . 1-10 . 5  % .  

REFERENCES : 

1 .  Cramer , S .  D .  
Ind .  Eng .  Chern . Proaess  De s .  Dev .  
1 9 8 0 ,  1 9, 300 . 

2 .  Cramer , S .  D .  
ibid 1 9 8 4 ,  2 3, 618 . 



1 46 Aqueous Electrolyte Solutions 

COMPONENTS : ORI GINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8]  Byrne , P .  A. ; Stoessell , R. K.  

� ; �  Electrolyte s ,  see below Ge oahim.  Cosmoahim. Aatal9 82 , 4 6 ,  
23 95-7 . 

( 4 ) water ; n2o ;  [ 773 2-18-5 )  

VARIABLES : 
T/K = 298 . 15 

p 1 /kPa = 3 7 9 0  

EXPE RIMENTAL VALUES : 
Temperature Pressure 

t/°C T/K p 1 /psia p1 /kPa 

25  2 9 8 . 15 5 5 0  3 7 9 0  

25  2 9 8 . 1 5 550  37 90 

PREPARED BY : 
H .  L .  Clever 

Elec trolyte Methane 

mi /mol kg- 1 m1 /mol kg- 1 ---
-

1 � 0 ] 0 . 04 8 3 a 
NaCl 0 . 0264  MgC1 2 1 . 0  

-
1 � 0 ) 0 . 0 483a 

NaCl 0 . 0219 CaC1 2 1 . 0  

a Value of methane solubility in water , m1 ° ,  from (ref 1 ) . 

The salt effect parameter , k /kg mol- 1 = srnrn 

( E ( ( ksmim/kg mol- 1 )  ( Ii/mol kg- 1 ) ) / (I/mol kg- 1 )  

Salt Effect 
Parameter 

-

0 . 0 66  

-

0 .  08 6 

where Ii and I are ionic strength due to component i and the total 

ionic strength , respectively , and k . /kg mol- 1 = sm-z-m 

log ( (m1 °/mol kg- 1 ) / (m1 /mol kg- 1 ) ) / ( Ii /mol kg- 1 )  

Sodium chloride ; NaCl ; [ 7 6 4 7-14- 5 ]  

Magnes ium chloride ; MgC1 2 ; [ 7 7 8 6-3 0-3 ] 

Calcium chloride ; CaCl 2 ; [10 04 3-52-4 ] 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketted by a water bath for 
temperature control.  The system 
pres sure was set by controll ing the 
input and output of methane within 
the chamber ' s  headpiece .  The ves sel 
was rocked for 3 h to allow equili
bration between the methane and the 
solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to have a minimum purity of 
9 9 . 9 7 mole percent . 

( 2 )  Electrolytes . The salt solutions 
( 3 )  were made up gravimetrically 

using analytical grade chemicals . 

( 4 )  Water . Distilled . 

The amount of gas in the saturated 1--------------------� 
solution was measured by transfer of 
a sample volume to a loop at the 
system pressure , fol lowed by flashing 
the sample in an expansion loop and 
measuring the gas pres sure in a known 

ES TIMATED ERROR: 
c5 p /ps ia = ± 1 

o ml /mol kg- 1 = ± 0 . 0003-0 . 0 0 05  
c5 m2 3/mo l kg- 1 = ± 0 . 0 0 01 

• 
volume . The total gas volume and ����-----------------� 
pressure change were used to compute REFERENCES : 
the moles of gas assuming ideal 1 .  Stoessel l ,  R. K . ; Byrne , P .  A .  
behavior . A correction was made for �oahim . Cosmoa him . A a ta 1 9 8 2 , 4 6 ,  
the gas not released on flashing . 1327 . 

Solution densities were measured 
gravimetrically with pycnometers . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

Duffy , J .  R . ; '  Smith , N .  0 . ;  Nagy , B .  
( 1 )  Methane : CH4 : [ 74-82-8 ] 

( 2 )  Calcium chloride : cacl2 : 
[ 10 0 4 3-52 -4 ] Geoahim . Co smoahim. Aa ta 1961, 2 4 J 

( 3 )  Sodium chloride : NaCl : [ 7 6 4 7-14-5 ] 2 3-31 . 

( 4 )  Hater : H20 :  [ 7732-18-5 ] 

VARIABLES : T /K = 303 . 15 PREPARED BY : 
p 1jMPa = 

a 2;mol 1: 1 = 
a 3;mol 1 1 = 

EXPERIMENTAL VALUES : 

0 . 32 - 5 . 19 
0 ,  3 .  0 
0 ,  1 .  53  

Temperature Calcium Sodium 

H .  L .  Clever 

Pressure Mol Fraction 
Chloride Chloride 

t/ °C T/K a2/mol 1- 1  a 3;mol 1- 1 p 1/psia p 1jMPa 10 4x 1 
--

3 0  3 03 . 15 0 0 4 6  0 . 32 0 . 6 0  
8 0  0 . 55 1 . 15 

115 0 . 7 9 1 .  8 4  
136  0 . 94 2 . 32 
2 8 6  1 .  9 7  4 . 9 0 
2 9 7  2 . 05 4 . 9 3  
3 9 8  2 . 74 6 . 12 
5 2 3  3 . 61 7 . 6 4 

3 . 0  1 .  53  368  2 . 54 1 . 16 
3 . 0  1 . 5 3 753 5 . 19 2 . 32 

The above solution is nearly saturated with NaCl , but not with the 
CaC12 · 6H2o .  

The authors describe the solution as 1 . 5 3 N NaCl and 6 . 0  N cac12 • 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Rocking equilibrium cell . Pressure 
measured with a Bourdon gage . The 
cell is  charged with salt solution , 
the gas is  admitted to a known 
pressure , and the cell contents 
allowed to equilibrate . The final 
pressure is measured and used to 
calculate the amount of gas 
dissolved. 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Source not given . 
Stated to be a . p .  grade . 

( 2 , 3 )  Electrolytes . Reagent grade 
of known water consten t .  

( 4 )  Water .  Distilled,  degassed . 

ESTIMATED ERROR: 

o T/K = ± 1 :  

REFERENCES : 

op/MPa = ± 0 . 0 3 :  



1 48 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane : CH4 : [ 7 4-82-8 ] 

2 .  Sodium bromide : NaBr : [ 7 6 4 7-15- 6 ]  

3 .  Water : H2 0:  [ 7 7 3 2-18-5 ]  

VARIABLES : 
Pressure 

EXPERIMENTAL VALUES : 

T/K Cone/mol 2 - 1  

2 9 8 . 1 5 2 . 7  

P/10 5 Pa 

52 . 8  
1 02 . 6  
153 . 6  
2 0 0 . 4  

ORIGINAL MEASUREMENTS : 

Michels , A . : Gerver , J . : Bij l ,  A .  
Phys i aa 

1 9 3 6 , 3 ,  7 9 7-808 . 

PREPARED BY : 
C .  L .  Young 

10 3 Mole fraction of methane 
in liquid,  

10 3 xCH 4 

0 . 3 8 
0 . 6 7 
0 . 9 3 
1 . 09 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Simple rocking equilibrium cell . 

Amount of gas absorbed calculated 

from volume and pressure change of 

charging vesse l .  Details in 

source . 

SOURCE AND PURITY OF MATERIALS : 

No details given . 

ESTIMATED ERROR: 
o T/K = ± 0 . 1 : oP/10 5Pa = ±0 . 0 5 to 

0 . 5 % :  oxCH 4 
= ±3 -5% (estimated by 

comoiler l .  
REFERENCES : 



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ] 
2 .  Sodium bromide ; NaBr ; 

[ 764 7-15- 6 )  

3 .  Water;  H20 ; [ 7 732-18 -5 )  

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A. ; Yaacobi , M .  
J , Phy s .  Chem . 

19 74 , 7 8 ,  170-5 . 

P REPARED BY : 

c .  L .  Young 

149 

T/K Cone . of sodium bromide 

/mol £ - 1 

* 
Ostwald coefficient , 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 1 5 
303 . 15 

* 

1 . 0  

L 

0 . 0 3062  
0 . 02823  
0 . 02626  
0 . 0 2 4 6 5  
0 . 0 2 3 32 

Smoothed values of Ostwald coefficient obtained from 

kT ln L = 8 , 6 31 . 7 - 5 8 . 23l (T/K ) + 0 . 07352 (T/K ) 2 cal mol- 1 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus wa s similar to that 

described by Ben-Naim and Baer ( 1 )  

and Wen and Hung ( 2 ) . I t  consists 

of three main parts , a dissolution 

cell of 300 to 6 0 0  cm3 capacity , a 

gas volume measuring column , and a 

manometer . The solvent is degassed 

in the dissolution cell , the gas is 

introduced and dissolved while the 

liquid i s  kept stirred by a magnetic 

stirrer immersed in the water bath . 

Dissolution of the gas results in 

the change in the height of a column 

of mercury which is measured by a 

cathetometer . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 97  

mole per cent . 

2 .  AR grade . 

3 .  Deionised , doubly distilled . 

ESTIMATED ERROR: 

oT/K = ±0 . 01 ;  oL/L = ± 0 . 0 0 5  

(estimated by compiler ) .  

REFERENCES : 
1 .  Ben-Naim, A . ; 

Trans . Faraday 
2 7 3 5 .  

Baer , s .  
Boo . 1 9 6 3 ,  5 9 ,  

2 .  Wen , W . -Y . ; Hung , J .  H .  
J . Phy s .  Chem . 19 7 0 ,  7 4 , 170 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane; CH 4 ;  [ 7 4- 82- 8 ]  

2 .  Water ; H 20 ;  [ 7 73 2-1 8-5]  

3 .  Sodium iodide ; Nai ;  [ 7 6 8 1- 82-5 ]  

VARIABLES :  

Pre ssure 

EXPE RIMENTAL VALUES : 

T/K 

29 8 . 1 5 

Cone . of 
Nai /mol 1- 1 

2 . 7  

Michels A . ; Gerver , J . ; Bij l ,  A .  

Phy s iaa, 1 9 3 6 , 3, 797-8 08 . 

PREPARED BY : 

56 . 2  
111 . 7  
152 . 0  
204 . 9  

C . L .  Young 

10 3Mole fraction of 
methane in liquid , 

10 3.:r:CH 4 

0 . 5 0 
0 . 94 
1 .  22 
1 . 52 

AUXILIARY INFOR}�TION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Simple rocking equilibrium cell . 
Amount of gas absorbed calculated No details  given.  
from volume and pressure change in 
charging vessel . Detai ls in 
source . 

ESTIMATED ERROR: 
oT/K = ±0 . 1 ;  op/10 5 Pa = ± 0 . 0 5 to 
0 . 5% ;  OXCH4  =±3-5% . 

( e stimated by compiler) . 

REFERENCES : 



Aqueous E lectrolyte Solutions 

COMPONENTS : 

1 .  Methane : CH� : [ 74 - 8 2 - 8 ]  
2 .  Sodium iodide : Nai : 

[ 76 81-82 -5 ] 
3 .  Water : H2 0 :  [ 7 7 32-18-5 ] 

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

T/K 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 

Cone . of sodium iodide 
/mol R-- 1 

1 . 0  

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . : Yaacobi , M .  
J . Phys .  Chern . 
1 9 7 4 , 7 8 ,  170-5 . 

PREPARED BY : 

C .  L .  Young 

* 
Ostwald coefficient , 

L 

0 . 03102  
0 . 0 2 8 5 7  
0 . 0 2 6 71 
0 . 0 2 5 3 3  
0 . 0 2 4 3 5  

* 
Smoothed values of Ostwald coefficient ohtained from 

kT ln L = 14 , 24 3 . 5 - 9 7 . 3 8 7  (T/K) + 0 . 14190  (T/K) 2 cal mol- 1 

where k is in units of cal mol- 1  K- 1 • 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  

and Wen and Hung ( 2 ) . It consists 
of three main parts , a dissolution 
cell of 300  to 6 0 0  cm 3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is  degassed 
in the dissolution cell , the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Di ssolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

M-F• 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mole per cent . 

2 .  AR grade . 

3 .  Deionised , doubly distilled . 

ESTIMATED ERROR: 

o T/K = ± 0 . 01 :  oL/L = ± 0 . 0 0 5  
(estimated by compiler ) .  

REFERENCES : 
1 .  Ben-Naim , A . : 

Trans . Faraday 
2 7 35 .  

Baer , S .  
Soc . 196 3 ,  5 9 ,  

2 .  Wen , W . -Y . : Hung , J .  H .  
J . Phys .  Chern . 19 7 0 ,  74 , 1 7 0 . 

1 5 1  



1 52 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 ) Methane ; CH4 ; [ 7 4 - 8 2-8 ] 

( 2 )  Sodium sulfate ; Na2S04 ; 
[ 7 7 57 - 8 2-6 ] 

( 3 )  Water ; H2 0; [ 7 7 3 2-18- 5 ]  

VARIABLES : 
T/K = 2 9 3 . 1 5 

p 1 /kPa = 101 . 3  
a 2/mol dm- = 0 . 4 8 ,  0 . 9 0 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Mishnina , T .  A . ; Avdeeva , o .  I . ; 
Bozhovskaya , T .  K .  

I n  f. S b . ,  Vs es . Na uahn-I s s  Zed .  
Geo t .  I ns t .  No . 56 , 1962 , 137- 4 5 .  

Chern . Abstr . 1964,  6 0 ,  8 7 0 5g 

P REPARED BY : 

H .  L .  Clever 

Temperature Sodium Sulfate Solubility 

cm3 (STP) dm- 3 

Salt Effect 
Parameter 

t/ ° C T/K a 2/ 
mol dm- 3  

--

2 0  2 9 3 . 15 0 

0 . 4 8 

0 . 9 0 

() 21 
eq dm- 3 

0 

0 . 9 6 

1 .  8 0  

2 2 . 0  

15 . 1  

0 . 3 9 1  

0 . 3 9 0  

a The compiler estimated the solubi lity of methane i n  water from 
a figure in the paper and values of the salt effect parameter . 

The values of Kelvin temperature , sodium sulfate molar concentra
tion , and salt effect parameter were calculated by the compiler . 

The solubility is equivalent to the Bunsen coefficient , 10 2 a/cm 3 (STP )  
cm- 3 atm- 1 • 

AUXI LIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

See author ' s  earlier paper ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

( 1 ) Methane . Source not given . 
Contained one per cent air . 

( 2 )  Sodium sulfate . 

( 3 }  Water . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1  

REFERENCES : 

1 .  Mishnina , T .  A . ; Avdeeva , o .  I . ;  
Bozhovskaya , T .  K .  

Materia ty Vs es . Nauahn . I ss ted .  
Geo t .  I ns t .  1961, 4 6 ,  9 3 .  



Aqueous Electrolyte Sol utions 

COMPONENTS : 
( l ) Methane ; CH4 ; [ 7 4 -8 2 - 8 ]  

( 2 )  Sodium sulfate ; Na2so4 ; 
[ 7 7 5 7 - 8 2 - 6 ]  

( 3 )  Water ; H2o ;  [ 7 7 32 -18 -5]  

VARIABLES : T /K = 2 9 8  . 1 5  
P 1/kPa = 2 4 10-517 0 

m2/mol kg-1 = 0-1 . 0  

EXPERIMENTAL VALUES : 

Temperature Pressure 

t/°C T/K p1 /psia p1 /kPa 
--

2 5  2 9 8 . 15 3 5 0  2 4 1 0  

550  3790  

750  5170  

ORIGINAL MEASUREMENTS : 
Stoessel! , R .  K . ; Byrne , P .  A .  

�oahim . Cosmoahim. Aata 198 2 ,  4 6 , 
1327-3 2 , 

PREPARED BY : 
H .  L .  Clever 

Sodium Methane Salt Effect 
Sulfate Parameter 
m2/mol kg-1 m /mol kg-1 1 smm /kg mol- 1 

0 0 . 0319  -
0 . 5  o .  0211 0 . 1 2 0  
1 . 0  0 . 0135 0 . 124  

0 0 . 0 4 8 3  -
0 . 5  o .  0311 0 . 127 
1 . 0  0 . 0 2 0 8  0 . 12 2  

0 0 . 0617 -
0 . 5  0 . 0407  0 . 12 0  
1 . 0  o .  0277  0 . 11 6  

1 53 

0 . 121 ( authors )  

The salt effect parameter i s  defined a s  k smm = log Y 1/I 

where I is the ionic strength (molality )  and Y 1 = (m!f1/m1f! > p , T 
with m1 and t1 the solubility and fugacity , respectively , of methane at p 

and T . The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Solubility determinations were 

made us ing a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control .  The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece .  The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 99 . 97 mole 
present methane . 

( 2 )  Sodium sulfate . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals . 

( 3 )  Water . Distilled . 
The amount of gas in the saturated�������-------------------------i solution was measured by transfer of ESTIMATED ERROR: 

a sample volume to a loop at the 0 p /psia = ± 1 
system pressure , followed by flashing 

0
1 

I = ± the sample in an ansion loop and m1 m1 0 . 01 
measuring the gas pressure in a known 
volume . The total gas volume and �

RE�F�E�RE�N�CE�.S
�

:
-----------------------------i 

pressure change were used to compute 
the moles of released gas assuming 
ideal behavior . A correction was 
made for the gas not released on 
flashing . 



1 54 Aqueous Electrolyte Solutions 

COMPONENTS : 
( 1 )  Methane ; CH4 : [ 74-82-8]  

( 2 )  Sulfuric acid ; H2so4 : [ 7 664-93-9]  

( 3 )  sodium sulfate ; Na2so4 : 
[ 77 57-82-6]  

( 4 )  Water ; H20: [ 7 732-18-5]  

VARIABLES : 
2 9 8 . 15 T/K : 

p 1 /kPa : 1 0 1 . 325 ( 1 atm) 

EXPERIMENTAL VALUES : 
Temperature solvent Methane 

t/°C T/K Volume Volume 
V/cm3 Absorbed 

v1 /cm 
--

25 298 . 15 4 9 . 5 4 0 . 4 7 
4 9 . 54 0 . 4 5 

The solvent i s  a mixture of 8 0 0  g H2o 

ORIGINAL MEASUREMENTS : 
Kobe , K .  A . ; Kenton , F .  H .  

Ind. Eng . Chern . , Ana l .  Ed . 1 938 , 
1 0 , 7 6  - 7 7 . 

PREPARED BY : 
P .  L .  Long 
H .  L .  Clever 

Bunsen 
Coe ffic ient 

a/cm3 (STP) cm- 3 atm- 1 

0 . 0 0 8 5  

Ostwald 
Coefficient 

L/cm3 cm- 3 

0 . 0 0 9 3  

200  g Na 2so4 (anhydrous ) 

40  ml H2so4 ( Cone . , 3 6  normal ) 

Thus the molality of the solution is 

rn2/mol kg- 1 = 0 . 9 0 ( H2so4 ) 

rn3/mol kg- 1 = 1 . 7 6  (Na2so4 ) 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
The apparatus is described in detail 
in an earl ier paper ( 1 ) . The appara
tus consists of a gas buret , a 
pres sure compen sator , and a 200  cm3 
absorption bulb and mercury leveling 
bulb . The absorption bulb is attachec 
to a shaking mechani sm . 

The solvent and the gas are placed in  
the absorption bulb . The bulb is 
shaken until equi librium is reached . 
The remaining gas i s  returned to the 
buret . The dif ference in the final 
and initial volumes is taken as the 
volume of gas absorbed . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Source not given . 

Purity stated to be 99+ per cent . 

( 2 ,  3 )  Sulfuric acid and sodium 
sul fate . Sources not given . 
Analytical grade . 

( 4 )  Water . Distilled . 

ESTIMATED ERROR: 

oa/cm3 = ± 0 . 0 01 (authors ) 

REFERENCES : 
1 .  Kobe , K .  A . ; Williams , J .  s .  

Ind. Eng . Chern. , Ana l .  Ed . 
1 9 3 5 , ? ,  3 7 .  



Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 ) Methane ; CH4 ; [ 7 4 -8 2-8 ] 

� � �  Electrolytes ,  see below 

( 4 )  Water ; H20;  [ 77 32 -18 - 5 ]  

VARIABLES : 
T/K = 2 9 8 . 1 5 

p 1 /kPa = 3 7 9 0  

EXPERIMENTAL VALUES : 

Temperature Pressure 

t/°C T/K p 1 /psia P /kPa --
2 5  2 98 . 15 5 5 0  3 7 9 0  

2 5  2 98 . 15 550  3790  

ORIGINAL MEASUREMENTS : 
Byrne , P .  A . ; Stoessel l ,  R .  K .  

�oahim . Cosmoahim. Aata  198 2 , 4 6 ,  
239 5-7 . 

PREPARED BY : 

H .  L .  Clever 

Electrolyte Methane Salt Effect 
Parameter 

m . /mol kg- 1  
'!-

m1 /mol kg- 1 

- 0 0 . 0 4 3 8a -
Na2so4 0 . 5 ] 

0 . 0221  0 . 097  
MgS04 0 . 5  

- 0 0 . 04 8 3  -
K2so4 0 . 25 ) 

0 . 03 4 5  0 . 08 4  
MgS04 0 . 2 5 

a Value of methane solubility in water , m1 ° ,  from (ref 1 ) . 

The salt effect parameter , ksrnrn/kg mol- 1 = 

where Ii and I are ionic strength due to component i and the total 
ionic strength , respectively , and k • /kg mol- 1  = sm-z..m 

log ( (m1 °/mol kg- 1 ) / (m1 ;mol kg- 1 ) ) / (Ii/mol kg- 1 ) 

Sodium sulfate ; Na2S04 ; [ 77 57-82-6 ] 
Potassium sulfate ; K2S04 ; [ 77 7 8- 8 0 - 5 ]  
Magnesium sulfate ; MgS04 ; [ 7 7 8 5-07-7 ] 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade,  stated 
to have a minimum purity of 
99 . 97 mole percent . 

1 55 

Solubility determinations were 
made suing a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketted by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for 3 h to allow equili
bration between the methane and the 
solution . 

( 2 )  Electrolytes .  The salt solutions 
( 3 )  were made up gravimetrically 

using analytical grade chemicals . 

( 4 )  Water . Distilled . 

The amount of gas in the saturated 
solution was measured by transfer of �

E
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T
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a sample volume to a loop at the 0 p /psia = ± 1 system pressure , followed by flashing o ml /mol kg- 1 = ± 0 . 0003 - 0 . 0 0 0 5  the sample i n  an expansion loop and 1 
measuring the gas pres sure in a known Sm2, 3/mol kg- = ± 0 . 0001  
volume . The total gas volume and 
pressure change were used to compute REFERENCES : 

the moles of gas assuming ideal 1 .  Stoessell , R. K . ; Byrne , P .  A .  
behavior . A correction was made for �oahim. Cosmoahim . Aata 1 9 8 2 , 4 6 ,  
the gas not released on flashing . 13 2 7 . 

Solution densities were measured 
gravimetrically with pycnometers . 



1 56 Aqueous Electrolyte Sol utions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  Byrne , P .  A . ; Stoes sel! , R .  K .  

� � �  Llectrolytes ,  see below Geoahim . Cosmo ahim . Aata 1 9 8 2 , 4 6 , 
23 95 -7 . 

( 4 )  Water ; H2o; [ 7 732-18-5]  

VARIABLES :  

T/K = 2 9 8 . 15 
p 1 /kPa = 3 7 9 0  

EXPERIMENTAL VALUES : 

Temperature Pressure 
t/°C T/K 

25 2 98 . 15 

25 298 . 15 550 

p 1 /kpa 

3 7 9 0  

3 7 9 0  

PREPARED BY : 

H .  L .  Clever 

Electrolyte Methane 

m . /mol 
'!-

kg- 1 m1 /mol kg- 1 

- 0 0 . 04 8 3a 
NaCl 1 .  0 ] 0 . 0173  Na2so4 1 . 0  

- 0 0 . 04 8 3a 

NaCl 1 . 0 ] 0 .  0171 Na2co3 1 . 0  

a Value of methane solubility in water , m1 o , from ( ref 1 ) . 

The salt effect parameter , ksmm/kg mol -1 = 

( L ( ( ksmim/kg mol- 1 )  ( Ii/mol kg- 1 ) ) / (I/mol kg-1 )  

Salt Ef fect 
Parameter 

-
0 . 111 

-

0 . 113 

where Ii and I are ionic strength due to component i and the total 
ionic strength , respectively , and k . /kg mol- 1 = sm-z-m 

log ( (m 1 °/mol kg- 1 ) / (m1 /mol kg-1 ) ) / ( Ii/mol kg- 1 )  

Sodium chloride ; NaCl ; [7 6 4 7 -14-5]  

Sodium sulfate ; Na2so4 ; [ 7 7 57-82-6]  

Sodium carbonate ; Na2co3 ; [ 4 97-19-8 ]  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
Solubility determinations were 

made us ing a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketted by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece .  The vessel 
was rocked for 3 h to allow equili
bration between the methane and the 
solution . 

SOURCE AND PURITY OF MATERI ALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grad e ,  stated 
to have a minimum purity of 
9 9 . 97 mole percent . 

( 2 )  Electrolytes . The salt solutions 
( 3 )  were made up gravimetrically 

us ing analytical grade chemicals .  

( 4 )  Water . Distilled . 

The amount of gas in the saturated 
solution wa s measured by transfer of f-E-S_T_I_MA_T_E_D_E_R_R_O_R_:--------------f 
a sample volume to a loop at the 0 P l/psia = ± 
system pres sure , fol lowed by flashing o ml /mol kg-1 = ± 
the sample in an expansion loop and 0 m2 7/mol kg- 1 = ± 

1 
0 . 0 003-0 . 0 005  
0 . 0001  

measuring the gas pressure in  a known , u  
volume . The total gas volume and �����---------------� 
pressure change were used to compute REFERENCES : 
the moles of gas assuming ideal 
behavior . A correction was made for 
the gas not released on flashing . 

Solution densities were measured 
gravimetrical ly with pycnometers . 

1 .  Stoessel ! ,  R .  K . ; Byrne , P .  A .  
Ge o ahim . Cosmoahim . A a t a  1 98 2 ,  
4 6 ,  1327 . 



Aqueous Electrolyte Solutions 

COMPONENTS : 

{ 1 )  Methane ; CH4 ; [ 74-82-8 ] 

{ 2 ) Sodium bicarbonate ; NaHco3 ; 
[ 14 4-55- 8 ]  

{ 3 )  water ; H20 ;  [ 7 7 32-18 -5]  

VARIABLES : T/K = 2 9 8 . 15 
p 1/kPa = 2 4 1 0-517 0 

m2/mol kg- 1 = 0-0 . 5  

EXPERIMENTAL VALUES : 

Temperature 

2 5  2 98 . 1 5 

Pressure 

p1 /kPa 

2 4 1 0  

550  3790  

7 5 0  5 1 7 0  

ORIGINAL MEASUREMENTS : 

Stoessell , R .  K . ;  Byrne , P .  A .  

Geoahim . Cosmoahim. Aata 198 2 ,  4 6 ,  
1327-32 . 

PREPARED BY : 

H .  L .  Clever 

Sodium Methane Salt Effect 
Bicarbonate Parameter 
m2/mol kg-1 m1 /mol kg- 1 k smm/kg mol- 1 

0 0 . 0319  -
0 . 2 5 0 . 0 2 9 6  0 . 13 0  
0 . 5  0 . 0 2 7 0 0 . 14 5  

0 0 . 04 8 3  -
0 . 2 5 0 . 04 5 0  0 . 123 
0 . 5  0 . 04 0 0  0 . 1 64  

0 0 . 0617  -
0 . 25 0 . 05 7 2  0 . 13 2  
0 . 5  0 . 0532  0 . 1 2 9  

1 57 

0 . 1 4 6  {authors ) 

The salt effect parameter is defined as ksmm = log y 1 /I 

where I is the ionic strength {molality) and y 1 = {m!f1 !m1 f! l p , T 
with m1 and !1 the solubility and fugacity , respectively , of methane at p 

and T .  The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Solubility determinations were 
made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control .  The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . 

SOURCE AND PURITY OF MATERIALS : 

{ 1 )  Methane . Matheson Co . ,  Inc . 
Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane . 

{ 2 )  Sodium bicarbonate . 
The salt solutions were made up 
gravimetrically us ing analytical 
grade chemicals . 

{ 3 )  Water . Distilled . 
The amount of gas in the saturated �������-------------------------; 

solution was measured by transfer of ESTIMATED ERROR: 

a sample volume to a loop at the sys- o p1 /psia = ± 1 
tern pressure , followed by flashing o m1 /m1 = ± 0 . 01 
the sample in an ansion loop and 
measuring the gas pressure in a 
known volume . The total gas volume 
and pressure change were used to 
compute the moles of released gas 
assuming ideal behavior . A correc-
tion was made for the gas not 
released on flashing . 

REFERENCES : 



1 58 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 74-82-8 ]  Stoessell , R .  K . ; Byrne , P .  A.  

(2 )  Sodium carbonate ; Na2co3 ; 
[ 4 97-19-8 ]  

Geoahim . Cosmoa him . Aa ta 19 8 2 ,  4 6 ,  
1327-3 2 .  

( 3 )  Water ; H2 o; [ 7 7 3 2-18-5 ] 

VARIABLES : T/K = 2 9 8 . 15 
p1 /kPa = 24 10-51 7 0  

PREPARED BY : 
H .  L .  Clever 

m2/mol kg-1 = 0-1 . 5  

EXPERIMENTAL VALUES : 

Temperature Pressure Sodium Methane Salt Effect 
Carbonate Parameter 

t/° C T/K p 1 /psia p1 /kPa m2/mol kg-1 m1 /mol kg-1 ksmm/kg mol- 1 

25  2 98 . 15 3 5 0  2410  

5 5 0  3 7 9 0  

7 5 0  517 0 

0 
0 . 5  
1 . 0  
1 . 5  

0 
0 . 5  
1 . 0  
1 . 5  

0 
0 . 5  
1 . 0  
1 . 5  

0 . 0 319  -
0 .  0211 0 . 1 2 0  
0 . 0135 0 . 124 
0 . 00 9 1  0 . 121 

0 . 04 8 3  -
0 .  0311 0 . 127  
0 . 0204 0 . 12 5  
0 . 01 4 9  0 . 114 

0 . 0617  -
0 . 04 0 0  0 . 125 
0 . 02 6 0  0 . 12 5  
0 . 01 8 2  0 . 118 

0 . 118 ( authors ) 

The salt effect parameter is defined as ksmm = log y 1 /I 

where I i s  the ionic strength (molality) and y 1 = (mif1 /m1fi > p ,  T 
with m1 and t1 the solubility and fugacity ,  respectively , of methane at p 

and T .  The " * " refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Solubi lity determinations were ( 1 )  

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control .  The system 
pressure was set by controlling the ( 2 )  
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . ( 3 )  

Methane . Matheson Co . ,  Inc . 
Ultra high purity grade , s tated 
to be a minimum of 9 9 . 97 mole 
present methane . 

Sodium carbonate . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals . 

Water . Distilled . 

The amount of gas in the 
saturated solution was measured by 
transfer of a sample volume to a 
loop at the system pressure , fol
lowed by flashing the sample in an 
ansion loop and measuring the gas 
pressure in a known volume . The 
total gas volume and pressure change 
were used to compute the moles of 
released gas assuming ideal 
behavior . A correction was made 

ESTIMATED ERROR: 

for the gas not released on 
flashing . 

REFERENCES : 

6 p1 /psia = ± 1 

6 m 1!m1 = ± 0 . 01 



Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-8 2-8 ] 

� ; �  Electrolytes , see below 

( 4 )  Water ; H2o ;  [ 7732-18-5 ] 

VARIABLES : 
T/K = 2 9 8 . 1 5 

p 1 /kPa = 3790  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Byrne , P .  A . ; Stoessell , R .  K .  

�oahim . Cosmoahim. Aa ta 198 2 , 4 6 ,  
23 95-7 . 

P REPARED BY : 

H .  L .  Clever 

1 59 

Temperature Pressure Electrolyte Methane Salt Effect 
t/°C T/K p 1 /psia p 1 /kPa m ./mol kg- ! m1!mol kg- 1 Parameter 

'!-

-
0�5 ] 0 . 04 8 3a 

Na2 so4 
Na2co3 0 . 5  0 . 0211 

25  2 9 8 . 15 550  3790  

- 0 0 . 04 8 3a 
Na2so4 0 . 2 5 ) 
K2so4 0 . 2 5 0 . 0 3 2 2  

25  2 98 . 15 550  3 7 9 0  

a Value of methane solubility i n  water , m ., 0 ,  from ( ref 1 )  • 
.J. 

The salt effect parameter , k smm/kg mol- 1 = 

( ( ( ksmim/kg mol- 1 ) (Ii/mol kg- 1 ) ) / (I/mol kg- 1 ) 

where Ii and I are ionic strength due to component i and the total 
ionic strength , respectively , and k . /kg mol- 1  = sm1-m 
log ( (m1 °/mol kg- 1 ) / (m1/mol kg- 1 ) ) / (Ii/mol kg- 1 ) 

Sodium sulfate ; Na2so4 ; [ 77 57-82-6 ]  
Sodium carbonate ; Na2co3 ; [ 4 97-19-8]  
Potassium sulfate ; K2so4 ; [ 7778-80-5 ]  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

-

0 . 12 0  

-

0 . 119  

Solubility determinations were 
made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketted by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for 3 h to allow equili
bration between the methane and the 
solution . 

( 1 )  Methane . Matheson Co . ,  Inc . 
Ultra high purity grade , stated 
to have a minimum purity of 
99 . 97 mole percent . 

( 2 )  Electrolytes . The salt solutions 
( 3 )  were made up gravimetrically 

using analytical grade chemicals . 

( 4 )  water . Distilled . 

The amount of gas in the saturated 
solution was measured by transfer of �
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a sample volume to a loop at the o pi/psia = ± system pressure , followed by flashing 0 ml /mo kg- 1 = ± the sample in an expansion loop and 1 
measuring the gas pressure in a known ° m 2, .,;mol kg- = ± 
volume . The total gas volume and 
pressure change were used to compute REFERENCES : 

1 
0 . 0003-0 . 0 005  
0 . 0001  

the moles of gas assuming ideal 1 .  Stoessel l ,  R. K . ; Byrne , P .  A .  
behavior . A correction was made for Geoahim. Cosmoahim . Aa ta 1 9 8 2 , 4 6 ,  
the gas not released on flashing . 1327 . 

Solution densities were measured 
gravimetrically with pycnometers . 



1 60 Aqueous Electrolyte Solutions 

COHPONENTS : 

( 1 )  Methane ; cH4 ; [ 7 4 - 8 2-8 ] 

( 2 )  Potassium hydroxide ; KOH ; 
[ 1310-58-3 ] 

( 3 )  Water ; a2o ;  [ 773 2-18 - 5 ]  

EXPERIMENTAL VALUES :  

T/K 

2 9 8 . 15 

313 . 15 

333 . 15 

3 5 3 . 15 

Potassium Hydroxide 

KOH/wt % a 2/mol dm- 3 

o . o  
5 . 61 

13 . 9 0 
2 3 . 50 
3 1 . 61 
4 0 . 7 0  

o . o  
5 . 61 

13 . 90 
2 3 . 50 
3 1 . 61 
4 0 . 7 0  

o . o  
5 . 61 

13 . 9 0 
2 3 . 50 
31 . 61 
4 0 . 7 0 

o . o  
5 . 6 1 

13 . 9 0 
2 3 . 50 
31 . 61 
4 0 . 7 0 

o . o  
1 .  03  
2 . 77 
5 . 13 
7 . 3 5 

10 . 12 

0 . 0  
1 .  0 3  
2 . 77 
5 . 13 
7 . 3 5 

10 . 12 

o . o  
1 . 0 3 
2 .  77  
5 . 13 
7 . 35 

10 . 12 

0 . 0  
1 . 03 
2 . 7 7 
5 . 13 
7 . 3 5 

10 . 12 

ORIGINAL MEASUREMENTS : 

Shoor , s .  K . ; Walker , R .  D . , Jr . ; 
Gubbins , K .  E .  

J .  Phys .  Chern. 1 9 6 9 ,  7 3 ,  312-7 . 

Gas Mol Solubility Ratio 
Fraction 

10 5x1 y = x�/x1 

2 . 4 8 

1 .  9 0  

1 .  6 2  

1 .  4 4  

1 .  0 0  
1 .  6 6  
3 . 64 

10 . 2  
2 6 . 7  

1 0 0  

1 .  0 0  
1 .  51  
3 . 14 
8 . 08 

19 . 8  
63 . 4  

1 .  0 0  
1 .  4 8  
2 . 8 3 
6 . 9 0 

16 . 7  
4 9 . 6  

1 .  0 0  
1 .  3 9  
2 . 5 0 
6 . 2 2 

14 . 4  
38 . 0  

Salt Effect 
Parameter 
kscx/dm 3 mol- 1 

0 . 214  
0 . 20 3  
0 . 197 
0 . 19 4  
0 . 198  

0 . 197 (authors )  

0 . 17 4  
0 . 17 9  
0 . 177 
0 . 17 6  
0 . 17 8  

0 . 17 6  ( authors ) 

0 . 16 5  
0 . 1 6 3  
0 . 1 6 4  
0 . 1 6 6  
0 . 1 6 8  

0 . 164  (authors )  

0 . 1 3 9  
0 . 14 4  
0 . 154 
0 . 158 
0 . 156  

0 . 154  ( authors ) 

The KOH concentrations were measured at 2 9 8 . 15 K .  

The compiler calculated the salt effect parameter values a t  the individual 
KOH concentrations .  The author ' s  values are also given . 

The salt effect parameter , kscx/dm3mol- 1 = ( l/ (a 2/mol dm- 3 ) ) log (x�!x1 ) . 



Aqueous Electrolyte Sol utions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ] 

( 2 )  Potassium hydroxide ; KOH ; 
[ 13 1 0- 58- 3 ]  

( 3 )  Water ; H20 ;  [ 7 7 3 2- 18- 5 ]  

VARIABLES : 
T/K = 2 9 8 . 1 5 - 3 5 3 . 15  

p 1 /kPa = 101 . 3 2 5  
a2!mol dm- 3 = 0 - 1 0 . 12  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Shoor , s .  K . ; Walker , R .  D . , Jr . ; 
Gubbins , K :  E .  

J .  Phy s . Che rn .  1 9 6 9 ,  ? J, 312-7 .  

PREPARED BY : 

H .  L .  Clever 

See preceeding page . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

1 61 

A gas chromatographic method was 
used (ref 1 ) . The gas saturated solu
tions were prepared by bubbling the g 

( 1 )  Methane . Source not given . Mini
mum purity stated to be 9 9 . 0  % .  

gas through presaturators and then ( 2 )  Potassium hydroxid e .  Baker Anal-
the KOH solution . Samples were drawn yzed Reagent Grade . Contained a 
over a 4 8  h period to determine maximum of 1 percent K2co3 • The 
whether or not equilibrium was estab- KOH solutions were protected from 
lished . Samples were transferred from atm co2 by Ascarite . 
the saturator to the gas chromato-
graph in gas tight syringes . All anal ( 3 )  Water . Specially distilled and 
yses were made with a thermal conduc- degassed from an all glass-
tivity cel l , and with nitrogen as the Teflon sti l l . 
carrier gas . ���----------------------------------� 

ESTIMATED ERROR: 

The results are reported as activ
ity coefficients , which are the mole 
fraction solubility ratio xi0 /x 1 • x �  
is the mole fraction solubi ity in 
water , and x 1 is the mole fraction 
solubility in the KOH solution . Both 
mole fractions were adj usted to a gas 
partial pressure of one atm as suming 
Henry ' s  law is obeyed . The y ' s  are 
the average of at least four measure
ments . 

o T/K = ± 0 . 0 5 
oy/y = ± o . o1 

REFERENCES : 

1 .  Gubbins , K .  E . ; Carden , s .  N . ; 
Walker , R .  D . , Jr . 

J. Gas Chromatog . 1 9 6 5, J, 9 8 . 



1 62 Aq ueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane; CH 4 ;  [ 7 4-82- 8 ]  

2 .  Water ; H 2 0 ;  [ 7 732-18-5]  

3 .  Potass ium chloride ; KCl ;  
[ 74 4 7-40- 7 ]  

VARIABLES : 

Pre ssure 

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 

Cone . of 
KCl /mol 1- 1 

2 . 7  

ORIGINAL MEAS UREMENTS : 

Michels , A . ; Gerver , J . ; Bij l ,  A .  

Phy s i aa, 19 3 6 ,  3, 7 9 7-80 8 . 

P RE PARED BY : 

4 8 . 5  
9 8 . 5  

150 . 7  
20 0 . 6  

C . L .  Young 

10 3 Mole fraction 
of methane in liquid , 

10 3xcH .. 

0 . 4 4 
0 . 80 
1 . 14 
1 . 3 9 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Simple rocking equilibrium cell . 
Amount of gas absorbed calculated 
from volume and pressure change 
in charging ves sel . Details in 
source . 

SOURCE AND PURITY OF MATERIALS : 

No details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  op/10 5 Pa = ± 0 . 0 5 to 
0 . 5% ;  oxCH �t 

= ± 3-5% . 

{ e stimated by compiler) 

REFERENCES : 



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 74 - 8 2 - 8 ]  
2 .  Potassium chloride ; KCl ; 

[ 74 4 7-4 0-7 ] 
3 .  Water ; H2 0 ;  [ 7 7 32 -18-5 ] 

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . ; Yaacobi , M .  
J . Phy s .  Ch ern .  

1974 , 7 8 ,  175-8 .  

PREPARED BY : 

c . L .  Young 

T/K Cone.  of potassium chloride 
/mol t- 1 

* 
Ostwald coefficient , 

L 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 

* 

1 . 0  0 . 03129  
0 . 0 2 8 8 8  
0 . 0 2 6 7 6  
0 . 0 2 4 8 8  
0 . 02321  

Smoothed values of Ostwald coefficient obtained from 

kT ln L = 3 , 5 95 . 6 - 2 3 . 0 3 7  (T/K ) + 0 . 01219 (T/K) 2 cal mol- 1 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 )  • It  consists 
of three main parts , a dissolution 
cell of 3 0 0  to 6 0 0  cm3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is  degassed 
in the dissolution cell , the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson sample , purity 9 9 . 97 
mole per cent . 

2 .  AR grade . 

3 .  Deionised , doubly distilled . 

ESTIMATED ERROR: 

o T/K = ± 0 . 01 ;  oL/L = ± 0 . 005  

(estimated by compiler ) .  

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , s .  
Trans . Faraday Boa . 19 6 3 ,  59 , 
2 7 35 . 

2 .  Wen ,  W . -Y . ; Hung , J .  H .  
J .  Phy s . Chern . 1970 , 7 4 ,  170 . 
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1 64 Aqueous Electrolyte Sol utions 

COMPONENTS : 

( 1 ) Methane � CH4 � [ 7 4-8 2-8 ] 

( 2 )  Potassium chloride � KCl � 
[ 7 4 4 7-4 0-7 ] 

( 3 )  Water � H2o �  [ 7 7 3 2-18- 5 ]  

VARIABLES :  T/K = 2 9 8 . 1 5 
P 1 /kPa � 101 . 3 2 5  

a 2!mol dm- 3 = 0 - 1 . 500  

EXPERIMENTAL VALUES : 

Temperature 

25  2 9 8 . 1 5 

Potassium 
Chloride 
a 2/mol dm- 3 

0 
0 . 50 0  
1 .  000  
1 .  500  

ORIGINAL MEASUREMENTS : 

Yano , T . �  suetaka , T . � Umehara , T . � 
Horiuchi , A.  

Kagaku Kogaku 1974,  38 ,  320-3 . 

P REPARED BY : 

Methane 
Solubility 

10 3 a 1;mol dm- 3 

1 .  31 
1 . 13 
0 . 9 51 
0 . 8 0 9  

H .  L .  Clever 
c . L .  Young 

Salt Effect 
Parameter 
kscc/dm 3 mol- 1 

0 . 128  
0 . 1 39 
0 . 14 0  

0 . 137 (authors ) 

k scc/dm3 mol- 1 = ( l/ ( a 2/mol dm- 3 ) ) log ( (a �/mol dm- 3 ) / ( a 1 /mol dm- 3 ) )  

The compiler added the salt effect parameter values at the 
individual salt concentrations . 

The authors defined the salt effect parameter in terms of the 
electrolyte ionic strength . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Volumetric apparatus . Salt 
solution allowed to enter stirred 
absorption chamber . Pressure 
within absorption chamber adj usted 
to be as near atmospheric pressure 
as possible . 
and ref .  1 .  

Details in source 

SOURCE AND PURITY OF MATERIALS : 

1 .  High purity sample , purity 
better than 9 9 . 5  mole per cent . 

2 .  Special grade . 

3 .  Distilled . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Yano , T . � suetaka , T . � 
Umehara , T .  
Nippon Kagaku Kai s hi 

197 2 ,  1 1 , 2194 . 



Aqueous E lectrolyte Solutions 1 65 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

( 2 )  Potassium chloride ; KCl ; 
[ 74 4 7 - 4 0-7 ] 

( 3 )  Water ; H2o ;  [ 77 3 2-18- 5 ]  

VARIABLES :  
TIK = 2 98 . 15 

p /kPa = 2 4 1 0-517 0 1 
m 9/mol kg- 1 = 0 - 4 . 0  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Stoessell , R .  K . ; Byrne , P .  A .  

Geoahim . Cosmoahim. Aata 198 2 ,  4 6 , 
1327-3 2 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Pressure 

P /Psia 

3 5 0  

p /kPa 

2 4 1 0  

Potassium 
Chloride 
m2!mol kg- 1 

Methane Salt Effect 
Parameter 

m1 /mol kg- 1 ksmm/kg mol-1 

2 5  298 . 15 

5 5 0  

7 5 0  

3 7 9 0  

5 1 7 0  

0 
0 . 5  
1 . 0  
2 . 0  
4 . 0  

0 
0 . 5  
1 . 0  
2 . 0  
4 . 0 

0 
0 . 5  
1 . 0  
2 . 0  
4 . 0  

0 . 0319  
0 . 0 2 8 2  
0 . 0247  
0 . 0194  
0 . 0126  

0 . 04 8 3  
0 . 0416  
0 . 0359  
0 . 0 2 8 9  
0 . 0186  

0 . 0617  
0 . 05 4 5  
0 . 04 7 5  
0 . 03 7 0  
0 . 02 4 5  

-
0 . 1 07 
0 . 111 
0 . 108  
0 . 101 

-
0 . 13 0  
0 . 12 9  
0 . 112  
0 . 104  

-
0 . 108  
0 . 114 
0 . 111 
0 . 1 0 0  

0 . 101  (author s )  

The salt effect parameter is defined a s  k smm = log Y 1 /I 

where I is the ionic strength (molality )  and y 1 = Cmjf1 /m1 fj > p , T 
with m 1 and t1 the solubility and fugacity , respectively , of methane at 
and T .  The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control . The system 
pressure was set by control ling the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane . 

( 2 )  Potassium chloride . 
The salt solutions were made up 
gravimetrical ly using analytical 
grade chemical s . 

( 3 )  Water . Distilled . 
The amount of gas in the saturated �������------------------------� 

solution was measured by transfer of ESTIMATED ERROR: 
a sampl e  volume to a loop at the sys-

d . o p 1 /psia = ± 1 tern pressure , followe by flash�ng 
the sample in an ansion loop and o m1 !m1 = ± 0 . 01 
measuring the gas pressure in a 
known volume . The total gas volume 
and pressure change were used to 
compute the moles of released gas 
assuming ideal behavior . A correc-
tion was made for the gas not 
released on flashing . 

REFERENCES : 



1 66 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 ) Methane � CH4 � [ 74-82-8 ] 

� ; l  Electrolytes ,  see below 

( 4 )  Water � H20�  [ 7 7 32-18-5]  

VARIABLES : 
T/K = 298 . 1 5 

p 1 /kPa = 3 7 9 0  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Byrne , P .  A . � Stoessel l ,  R .  K .  

Ge oahim .  Cosmoa him . Aata 1982, 4 6, 
2 3 9 5-7 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Pres sure Electrolyte Methane Salt Effect 
Parameter 

T/K mi/mol kg- 1  m 1/mol kg- 1  

- 0 0 . 0 4 8 3a -
NaCl 1 .  0 ) 

0 . 0286  0 . 114 KCl 1 . 0  

25 2 9 8 . 15 550 3 7 9 0  

25 2 9 8 . 15 550 3 7 9 0  - 0 0 . 0483a -

KCl 1 .  0 ] 
0 . 109 K2co4 1 . 0  0 . 0177 

The salt effect parameter , k9mm/kg rnol- 1 = 

( E { ( ksmim/kg mol- 1 ) ( Ii /mol kg- 1 ) ) / (I/mo l kg- 1 ) 

where I ·  and I are ionic strength due to component i and the total 
ionic sfrength , respectively , and ksm ·m/kg mol- 1 = 

'Z-
log ( (m1

0/mol kg- 1 ) / (m1 /mol kg- 1 ) ) / (Ii/mol kg- 1 ) 

Sodium chloride � NaCl � [ 7 647-14- 5 ]  
Potassium chloride � KCl � [ 7 4 4 7-40-7 ] 
Potassium carbonate ; K2co 3 ; [ 5 84-08 -7 ]  

a Value o f  methane solubilit 
in water , m1

° , from (ref 1 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Solubility determinations were made 
using a titanium-lined chamber within 
a stainless steel reaction vessel 
j acketted by a water bath for temp
erature control . The system pres sure 
was set by controlling the input and 
output of methane within the chamber ' s  
headpiece . The ves sel was rocked for 
3 h to allow equilibration between the 
methane and the solution. 

The amount of gas in the saturated 
solution was measured by transfer of 

SOURCE AND PURITY OF MATERIALS : 

( 1 ) Methane . Matheson Co . ,  Inc . 
Ultra high purity grade , stated 
to have a minimum purity of 
9 9 . 97 mole percent . 

( 2 )  Electrolytes . The salt solutions 
( 3 )  were made up gravimetrically 

using analytical grade chemicals 

( 4 )  Water . Distilled . 

ESTIMATED ERROR: 
a sample volume to a loop at the 1 system pressure , followed by flashing op l /psia = ± 
the sample in an expansion loop and om l /mol kg- 1 = ± 0 . 0003-0 . 0 0 0 5  
measuring the gas pressure i n  a known �

o
�
m
�

2
=·�

3
�
/
�
m
�

o
�

l
�

k_g_
-
__ 

1 
__ = __ ± 

__ 
o_._o_o_o_l 

____________ � volume . The total gas volume and REFERENCES : 
pres sure change were used to compute 
the moles of gas assuming ideal 
behavior . A correction was made for 
the gas not released on flashing . 

Solution densities were measured 
gravimetrically with pycnometers . 

1 .  Stoessel l ,  R .  K . ;  Byrne , P .  A .  
Geo ahim . Co smo ahim.  A a ta 1982, 4 6 ,  
1327 . 



Aqueous Electrolyte Sol utions 

COMPONENTS : 
( 1 )  Methane : CH4 : [ 7 4 - 8 2-8 ]  

( 2 )  Potassium iodide : KI : 
[ 7 681-11-0]  

( 3 )  Water : H20 :  [ 7 7 3 2-18-5]  

VARIABLES : 
T/K : 

p/kPa : 
2 8 5 . 7 5 - 3 4 4 . 8 5 
101 . 325  ( 1  atrn) 

EXPERIMENTAL VALUES : 

Temperature 
t/ °C T/K 

12 . 6  
3 0 . 0  
4 9 . 4  
71 . 7  

28 5 . 7 5 
303 . 15 
322 . 5 5 
3 4 4 . 8 5 

1/ ( T/K) 

0 . 0035  
0 . 0033  
0 . 0 0 3 1  
0 . 0 0 2 9  

ORIGINAL MEASUREMENTS : 
Morrison , T .  J . : Billett , F .  

J .  Che rn .  Soa .  l 952 , 3 8 1 9  - 3 8 2 2 . 

PREPARED BY : 
H .  L .  Clever 

Salt Effect Parameters 
(l/m2 ) log (S 0 /S ) 1 

0 . 1 3 0  
0 . 097 
0 . 071 
0 . 054  

( l/m2 ) log (.x0/.x ) 

0 . 14 5  
0 . 112 
0 . 0 8 6  
0 . 0 69  

The authors used ( l/c ) log (S 0/S ) with c defined as g eq  salt per kg of  
water . For the 1-1 electrolyte the compiler changed the c to an m for 
m2/mol kg- 1 • The methane solubility S is cm3 (STP ) kg- 1 • 

1 67 

The salt effect parameters were calculated from two measurements .  The 
solubility of methane in water , so , and in the one molal salt solution , s .  
Only the solubility o f  the methane i n  water , and the value o f  the salt 
effect parameter are given in the paper . The solubility values in the 
salt solution are not given . 

The compiler calculated the values of the salt effect parameter using the 
mole fraction gas solubility ratio . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The degassed solvent flows in a thin 
film down an absorption helix con
taining the methane gas plus solvent 
vapor at a total pres sure of one 
atmosphere . The volume of gas 
absorbed is measured in an attached 
buret system ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared from Grignard 

reagent . 

( 2 )  Potassium iodide . "AnalaR" 
material . 

( 3 )  Water . No information given . 

ESTIMATED ERROR: 

ok/kg- 1  mol = 0 . 01 0  

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern . Soa .  194 8 ,  2 0 3 3 . 



1 68 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ] 

( 2 )  Potassium sulfate ; K2so4 ; 
[ 7 7 7 8 -80- 5 ]  

( 3 )  water ; H2 0 ;  [ 7 7 3 2-18 -5]  

VARIABLES :  T/K = 2 9 8 . 15 
p 1 /kPa = 2 4 10-517 0 

m2/mol kg- 1 = 0- 0 . 5  

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Stoessel! , R .  K . ; Byrne , P .  A .  

�oahim . Cosmoahim. Aata  198 2 ,  4 6 ,  
1327-32 . 

PREPARED BY : 
H .  L .  Clever 

'I'emperature Pressure Potassium Methane Salt Effect 
Sulfate Parameter 

t/°C T/K p 1 /psia P/kPa m2/mol kg- 1 m1 /mol kg- 1 ksmm/kg mol- 1  
--

25  2 9 8 . 15 3 5 0  2 4 1 0  0 0 . 0319  -
0 . 2 5 0 . 0 2 61 0 . 116 
0 . 5  0 . 0223  0 . 104  

550  3790  0 0 . 0 4 8 3  -

0 . 25 0 . 0393  0 . 119 
0 . 5  0 . 0 3 2 5  0 . 115 

750  5170  0 0 . 0617 -
0 . 2 5 0 . 0515 0 . 1 0 5  
0 . 5  0 . 0 4 3 1  0 . 104  

0 . 10 8  (authors )  

The salt effect parameter i s  defined as ksmm = log y 1 /I 

where I is the ionic strength (molality) and y 1 = (mif1 /m1 fi > p , T 
with m1 and t1 the solubility and fugacity , respectively , of methane at p 

and T .  The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece . The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 99 . 97 mole 
present methane . 

( 2 )  Potassium sulfate . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals . 

( 3 )  Water . Distilled . 
The amount of gas in the saturated�������--------------i solution was measured by transfer of ESTIMATED ERROR: 

a sample volume to a loop at the o p  jpsia = ± 1 

��:t:�m�f!s��r:� !�!t��e�o�� !��shing iml /ml = ± 0 . 01 
measuring the gas pressure in a known 
volume . The total gas volume and �

RE�F�E�RE�N�C�E�'S�:
--------------------i 

pressure change were used to compute 
the moles of released gas assuming 
ideal behavior . A correction was 
made for the gas not released on 
flashing . 



Aqueous Electrolyte Sol utions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ] 

( 2 )  Potassium bicarbonate ; KHC03 ; 
[ 2 98-14 - 6 ]  

( 3 )  Water ; H20 ;  [773 2-18 -5]  

VARIABLES :  T/K = 
P/kPa = 

m2/mol kg-1 = 

2 9 8 . 15 
2 4 1 0-517 0 
0-0 . 5  

EXPERIMENTAL VALUES : 

Temperature 

25  

T/K 

298 . 1 5  

Pressure 

p 1 /psia 

350  

P /kPa 

2410  

550  3 7 9 0  

750  5170  

ORIGINAL MEASUREMENTS : 

Stoessel! , R .  K . ; Byrne , P .  A .  

�oohim . Cosmoohim . A o ta 198 2 , 4 6 ,  
1327-3 2 .  

PREPARED BY : 

H .  L .  Clever 

Potassium Methane Salt Effect 
Bicarbonate Parameter 
m2/mol kg- 1  m 1 /mol kg- 1  k smm/kg mol- 1 

0 0 . 0319 -
0 . 2 5 0 . 0 2 9 6  0 . 13 0  
0 . 5  0 . 0 2 6 8  0 . 1 51 

0 0 . 04 8 3  -
0 . 25 0 . 0 4 57 0 . 0 9 6  
0 . 5  0 . 0 4 0 6  0 . 1 51 

0 0 . 0617 -
0 . 25 0 . 0574  0 . 12 5  
0 . 5  0 . 0530  0 . 13 2  

1 69 

0 . 14 5  ( authors ) 
1 

The salt effect parameter is defined as k = log y 1 /I smm 
where I is the ionic strength (molality)  and y 1 = (mif1 /m1 fi l p , T 
with m1 and t1 the solubility and fugacity , respectively , of methane at p 

and T . The " * "  refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control .  The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece .  The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution. 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane . 

( 2 )  Potassium bicarbonate . 
The salt solutions were made up 
gravimetrically us ing analytical 
grade chemicals . 

( 3 )  Water . Distilled . 

The amount of gas in the saturated �������------------------------� 
solution was measured by transfer of ESTIMATED ERROR: 
a sample volume to a loop at the sys- 0 1 · 1 tern pressure,  followed by flashing P 1 ps�a = ± 

the sample in an ansion loop and o m 1/m1 = ± 0 . 01 
measuring the gas pressure in a 
known volume . The total gas volume 
and pressure change were used to 
compute the moles of released gas 

REFERENCES : 

assuming ideal behavior . A correc-
tion was made for the gas not 
released on flashing . 



1 70 Aqueous E lectrolyte Solutions 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Potassium carbonate ; K2co3 ; 
[ 5 84-08-7 ]  

( 3 )  Water ; H20 ;  [ 7 7 32-18-5]  

VARIABLES :  T/K = 2 9 8 . 15 
p 1 /kPa = 2410-517 0 

m2/mol kg-1 = 0-2 . 0  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Stoessel! ,  R .  K . ; Byrne , P .  A .  

Geoahim.  Cosmoa him . Aata 1 9 8 2 , 4 6 ,  
1327 -3 2 . 

PREPARED BY : 
H .  L .  Clever 

Temperature 

tj OC T/K 

Pressure 

P/PSia p 1 /kPa 

Potassium 
Carbonate 
m2/mol kg-1 

Methane Salt Effect 
Parameter 

m1 ;mol kg- 1  
srnrn /kg mol- 1 

25  2 98 . 15 3 5 0  2 4 1 0  

5 5 0  3 7 9 0  

7 5 0  5170  

0 
0 . 5  
1 . 0  
2 . 0  

0 
0 . 5  
1 . 0  
2 . 0  

0 
0 . 5  
1 . 0  
2 . 0  

0 . 0319  -
0 . 0219  0 . 109  
0 . 0142  0 . 117 
0 .  0073  0 . 1 07 

0 . 04 8 3  -
0 . 0324  0 . 116 
0 . 0217 0 . 116 
0 . 0103  0 . 112 

0 . 0617 -
0 . 04 2 7  0 . 107 
0 . 0 2 9 0  0 . 1 0 9  
0 . 0128 0 . 114 

O . lll (authors ) 

The salt effect parameter is def ined as ksrnrn = log y 1 /I 

where I is the ionic strength (molality) and y 1 = (m !f1 !m 1f! l p, T 
with m1 and !1 the solubility and fugacity , respectively , of methane at p 

and T .  The " * " refers to saturation in distilled water . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
Solubility determinations were 

made using a titanium-lined chamber 
within a stainless steel reaction 
vessel j acketed by a water bath for 
temperature control . The system 
pressure was set by controlling the 
input and output of methane within 
the chamber ' s  headpiece .  The vessel 
was rocked for three h to allow 
equilibration between the methane 
and solution . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Ultra high purity grade , stated 
to be a minimum of 9 9 . 97 mole 
present methane . 

( 2 )  Potass ium carbonate . 
The salt solutions were made up 
gravimetrically using analytical 
grade chemicals .  

( 3 )  Water . Distilled . 

The amount of gas in the saturated�------------------------------------------------------------------� 
solution was measured by transfer of ESTIMATED ERROR: 
a sample volume to a loop at the o p 1 /ps ia = ± 1 
system pressure, followed by flashing 0 m /m = ± o .  01  
the sample in  an ansion loop and 1 1 
measuring the gas pressure in a known 
volume . The total gas volume and 

·�
RE�F�E�RE�N�CE

-
.5�:

------------------------------------------------------� 

pressure change were used to compute 
the moles of released gas as suming 
ideal behavior . A correction was 
made for the gas not released on 
flashing . 



Aqueous E lectrolyte Sol utions 

COMPONENTS : 

1 .  Methane � CH4 � [ 74 - 8 2 - 8 ]  
2 .  Cesium chloride � CsCl � 

[ 7 6 4 7-17-8 ] 
3 .  Water � H2 0� [ 7 7 32-18- 5 ]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . � Yaacobi , M .  
J . Phys . Chern . 

1974 , 7 8 ,  175-8 . 

P REPARED BY : 
C .  L .  Young 

T/K Cone . of cesium chloride 

I mol R-- 1 

* 
Ostwald coefficient , 

L 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 

1 . 0  0 . 0 32 5 0  
0 . 0 2 9 3 6  
o .  0 2 7 1 0  
0 . 02553  
0 . 0 2 4 5 3  

* 
Smoothed values of Ostwald coefficient obtained from 

kT ln L = 2 0 , 4 8 7 . 3 - 1 3 8 . 8 31 (T/K) + 0 . 2 1072  (T/K) 2 cal mol- 1 

where k is in units of cal mol- 1 K- 1 • 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It consists 
of three main parts , a dissolution 
cell of 300  to 6 0 0  cm 3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cell , the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 

of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 99 . 9 7 
mole per cent . 

2 .  AR grade . 

3 .  Deionised, doubly distilled . 

ESTIMATED ERROR: 

o T/K = ± 0 . 01 �  oL/L = ± 0 . 0 0 5  
(estimated by compiler ) • 

REFERENCES : 

1 .  Ben-Naim , A . � Baer , S .  
Trans . Faraday Bo a .  19 6 3 ,  59 , 
2 7 3 5 . 

2 .  Wen , W . -Y .  � Hung , J .  H .  
J . Phys . Chern . 1 9 7 0 , 7 4 ,  1 7 0 . 

1 7 1  



172 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Hethane ; CH4 ; [ 7 4-82- 8 ]  

2 .  Hater; H 20; [ 7732-18- 5 ]  

3 .  Formaldehyde ; CH 20 ;  [ 50-00-0] 

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 

Cone . of 
formaldehyde 
/mol 1- 1 

1 . 0  

ORIGINAL MEASUREMENTS : 

Michels , A . ; Gerver , J . ;  Bij l ,  A .  

Physica, 1936 , 3, 797-808 . 

PREPARED BY : 

49 . 6  
100 . 7  
151 . 8  
198 . 7  

C . L .  Young 

10 3 Hole fraction 
of methane in liquid,  

10 3xCH 4 

0 . 97 
1 .  6 2  
2 . 02 
2 . 29 

AUXI LIARY INFORMATION 

ME THOD !AP PARATUS/PROCEDURE : SOURCE AND PURITY OF MATERI ALS : 

Simple rocking equilibrium cell . 
Amount of gas absorbed calcul ated 
from volume and pressure change in 
charging ve ssel . Detai ls in source . No details given . 

ESTIMATED ERROR: 

oT/K = ±0 . 1 ;  op/10 5Pa = ±0 . 0 5 to 
0 . 5% ;  oxCH4 = ± 3- 5% 
( estimated bv compiler) 

REFERENCE S : 



Aq ueous E lectrolyte Solutions 1 73 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH 4 ;  [ 7 4-82-8 ] 

2 .  Methanol ;  CH40;  [ 6 7-56-1 ]  

3 .  Water : H 20:  [ 7 73 2-18- 5 ]  

Tokunaga , J . · : Kawai , M .  

J .  Chern.  Eng . Japan 

1975 , 8 ,  326-3 2 7 . 

VARIABLES : PREPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES : 
T/K = 293 . 2  

Mole fraction 
of methanol 

0 
0 . 0650 
0 . 1386  
0 . 2016 
0 . 2 983  
0 . 4 8 71  
0 . 6011 
0 . 6 7 62  
1 . 0000 

Ostwald 
coefficient , a 

L 

0 . 0353 
0 . 0 461  
0 . 0513  
0 . 0555  
0 . 0743  
0 . 131 
0 . 18 7  
0 . 2 37 
0 . 525  

He�����
a
��w a 

/atm 

37800 
27000  
22600 
19800 
13600 
6590 
4 200 
3140 
1130 

Mole fractiona b of methane , ' 
XCH4 

0 . 0000265 
0 . 0000370 
0 . 0000442 
0 . 0000505 
0 . 0000735 
0 . 000152 
0 . 000238 
0 . 000318 
0 . 000885 

a At a partial pres sure of  methane of 101 . 3  kPa . 

b Calculated by compiler . 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Volumetric apparatus with multibulb 

buret and magnetic stirrer . 

Amount of solution and gas absorbed 

determined volumetrically . Partial 

pressure determined from total 

pre ssure of solvent solution . 

Details in re f .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Obtained from Se itetsu Kagaku Co., 
purity better than 99 mole per 

cent . 

2 .  Guaranteed reagent obtained from 

Wako Pure Chemical Ind . 

Fractionated . 

ESTIMATED ERROR: 

oT/K = ±0 . 5 ;  oL/L = ±0 . 0 1 .  

REFERENCES : 

1 .  Tokunaga , J .  

J .  Chern. Eng . Data 

1975 , 2 0 ,  4 1 .  



1 74 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 1  [ 7 4 -82-8 ) Tokunaga , J . ; Kawai , M. 

2 .  Ethanol;  C 2H G 0 ;  [ 6 4-17-5 )  J .  Chem . Eng . Japan 

3 .  Water ; H 20 ;  [ 7 7 32-18-5)  19 7 5 ,  8 , 326-327 . 

VARIABLES : P REPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 
T/K = 2 9 3 . 2  

Mole fraction Ostwald Henry ' s  law 
of ethanol coefficient , a constant a 

L /atm 

0 0 . 0353  3 7 8 0 0  
0 . 0 2 6 0  0 . 0 4 15 3 0 6 0 0  
0 . 0 6 0 9  0 . 0 4 6 2  2 5 8 0 0  
0 . 1170 0 . 0 5 0 1  21700  
0 . 2 4 3 2 0 . 0 8 4 0  10700  
0 . 3112 0 . 106  7 6 8 0  
0 . 5 2 8 5  0 . 216 2820  
0 . 7 6 0 1  0 . 3 67 1370 
1 . 0 0 0 0  0 . 54 0  7 6 3  

a At a partial pressure o f  methane of 10 1 . 3  kPa . 

b Calculated by compiler . 

AUXILIARY INFORMATION 

Mole fractiona b of methane , ' 
xCH 4 

0 . 0 0 0 0 2 6 5  
0 . 0000327  
0 . 0 0 0 0 3 8 8  
0 . 0 0 0 0 4 6 1  
0 . 0 0 0 0 9 3 5  
0 . 0 0 0130 
0 . 0 0 0 3 55 
0 . 0 0 0 7 3 0  
0 . 00131  

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Volumetric apparatus with multibulb 1 .  Obtained from Seitetsu Kagaku Co . ,  

buret and magnetic stirrer . purity better than 99 mole per 
Amount of solution and gas absorbed cent . 
determined volumetrically . Partial 2 .  Guaranteed reagent obtained from 
pressure determined from total Wako Pure Chemical Ind . 
pressure of solvent solution . Fractionated . 
Details in ref .  ( 1 ) . 

ESTIMATED ERROR: 

oT/K = ± 0 . 5 ;  oL/L = ± 0 . 0 1 .  

REFERENCES :  

1 .  Tokunaga , J .  
J .  Chem.  Eng . Data 

1975 , 20 , 4 1 .  



Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74 -8 2 - 8 ]  
2 .  1-Propanol ; C 3H 8 0 ;  [ 71-2 3-8 ] 
3 .  Water ; H2 0 ;  [ 7 7 32-18-5]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES :  

T/K 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 

* 

Mole# fraction of 
1-propanol , 

XC 3 H a O  

0 . 03 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . ; Yaacobi , M .  
J . Phys . Chern . 

1974 , 7 8 , 170-5 . 

P REPARED BY : 

C .  L .  Young 

* 
Ostwald coefficient , 

L 

0 . 0 4 5 94 
0 . 04 2 4 8  
0 . 03951 
0 . 0 3 6 9 6  
0 . 034 75 

Smoothed values of Ostwald coefficient obtained from 

kT ln L = 5 , 5 37 . 5 - 36 . 091  (T/K) + 0 . 0 3 6 7 7  (T/K) 2 cal mol- 1 

where k is in units of cal mol - 1 K- 1 • 

# 
Mole fraction before saturation with methane which is  virtually the 
same as the mole fraction after saturation . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It consists 
of three main parts , a dissolution 
cell of 300  to 6 0 0  cm 3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cel l ,  the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is  measured by a 
cathetometer . 

M-G 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mole per cent . 

2 .  CP grade . 

3 .  Deionised , doubly distilled . 

ESTIMATED ERROR:  

o T/K = ± 0 . 01 ;  oL/L = ± 0 . 005  
(estimated by compiler ) .  

REFERENCES : 

1 .  Ben-Naim, A . ; Baer , s .  
Trans .  Faraday So a .  196 3 ,  59 , 
2 7 35 . 

2 .  Wen , W .  -Y . ; Hung , J .  H .  
J . Phy s .  Chern . 197 0 ,  7 4 ,  17 0 .  

1 75 



1 76 Aqueous Electrolyte Solutions 

COMPONENTS :  

1 .  Methane ; CH� ; [ 7 4-82-8 ] 
2 .  1 , 4 -Dioxane ; C4 H 802 ; [ 1 2 3-91-1 ]  
3 .  Water ;  H2 0; [ 7 732-18-5 ] 

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . ; Yaacobi , M .  

J . Phys . Chem. 
1974 , 78,  170-5 . 

P REPARED BY : 
c .  L .  Young 

T/K #Mole fraction of dioxane , 
XC 4 H e 02 

* 
Ostwald coefficient , 

L 

2 83 . 15 
2 8 8 . 15 
293 . 15 
2 9 8 . 15 
303 . 15 

* 

0 . 03  0 . 04516 
0 . 04211 
0 . 03949  
0 . 03724 
0 . 03530 

Smoothed values of  Ostwalt coefficient obtained from 

kT ln L = 11 , 6 89 . 2  - 72 . 532 (T/K) + 0 . 09180 (T/K ) 2 cal mol- 1 

where k i s  in units of cal mol- 1 K- 1 • 

# Mole fraction before saturation with methane which is virtually the 
same as the mole fraction after saturation . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 

described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It consists 

of three main parts , a dis solution 

cell of 300 to 600  cm 3 capacity , a 

gas volume measuring column , and a 

manometer . The solvent is degassed 

in the dissolution cel l ,  the gas is 

introduced and dissolved while the 

liquid is kept stirred by a magnetic 

stirrer immersed in the water bath . 

Di ssolution of the gas results in 

the change in the height of a column 

of mercury which is measured by a 

cathetometer . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Matheson sample , purity 99 . 97 
mole per cent . 

2 .  AR grade . 

3 .  Deioni sed , doubly distilled . 

ESTIMATED ERROR: 

oT/K = ± 0 . 01 ;  oL/L = ± 0 . 005 
(estimated by compiler ) .  

REFERENCES : 
1 .  Ben-Naim, A . ; Baer , s .  

Trans . Faraday So c .  19 6 3 ,  5 9 ,  
2 7 3 5 .  

2 .  Wen ,  W. -Y . ; Hung , J .  H .  
J .  Phys . Chem . 1970 , 7 4 ,  170 .  



Aqueous E lectrolyte Solutions 

COMPONENTS : 

1 .  Methane : CH 4 1  
2 .  \'later ; H2 0 ;  
3 .  Ure a :  CH4N2 0 1  

VARIABLES : 

[ 74 - 8 2 - 8 ]  
[ 7 7 32 -18-5 ] 

[ 57-13- 6 ]  

Temperature 

EXPERIMENTAL VALUES : 

Cone . of urea in soln . 
TIK 

2 7 8 . 2  
2 9 8 . 2  
318 . 2  

I mol dm- 3  

6 . 96 
6 . 9 6 
6 . 9 6  

ORIGINAL MEASUREMENTS : 

Wetlaufer , D .  B . : Malik, s .  K . : 
Stoller , L .  ; · Coffin , R .  L .  
J ,  A m .  Chern. So c .  

1964 , 8 6 , 508-514 . 

PREPARED BY : 

c .  L .  Young 

10 3 Cone . of 
methanet in soln . 

I mol dm- 3 

0 . 0 0131 
0 . 00102  
0 . 0 0 0 8 6  

* 
Mole fraction of 

methane 
xCH4 

0 . 0 0 0 0291  
0 . 0 0 0 0 2 2 7  
0 . 0000198  

t at a partial pressure of 101 . 3  kPa . 

* 
calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Modified Van Slyke-Neill apparatus 
fitted with a magnetic stirrer . 
Solution was saturated with gas 
and then sample transferred to the 
Van Slyke extraction chamber . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson c . p .  grade , purity 
99 mole per cent or better. 

2.  Distilled . 

3 .  Commercial sample , purified by 
two recrystallizations from 
6 5 %  ethanol .  

ESTIMATED ERROR: 

o TIK = ± 0 . 05 :  oxCH4 = ± 2 % . 

REFERENCES : 

1 77 



1 78 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8]  
2 .  Urea ; CH4N20 ;  [ 57-13-6 ]  
3 .  Water ; H2 0;  [77 32-18 -5]  

VARIABLES : 

Temperature , concentration 

EXPERIMENTAL VALUES :  
* 

Cone . of Ostwald 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . ; Yaacobi , M. 
J . Phys . Chern. 

1974 , 7 8 ,  170-5 .  

PREPARED BY : 
c .  L .  Young 

Cone.  of * Ostwald T/K urea Coefficient , T/K urea Coefficient, 
/mol R.- 1 L /mol R.- 1 L 

283 . 15 1 . 0  0 . 04117 283 . 15 4 . 0  0 . 03228 
288 . 15 0 . 03757 288 . 15 0 . 03066 
2 9 3 . 15 0 . 0 3471 293 . 15 0 . 02894 
298 . 15 0 . 03244 298 . 15 0 . 02 715 
303 . 15 0 . 03065 303 . 15 0 . 02532 
283 . 15 2 . 0  0 . 03782  283 . 15 7 . 0  0 . 02676 
288 . 15 0 . 03480  288 . 15 0 . 02579 
293 . 1 5 0 . 03249  293 . 15 0 . 02482  
298 . 1 5 0 . 03078 298 . 15 0 . 02387  
303 . 15 0 . 02955 303 . 15 0 . 02294 

* Ostwald coefficient obtained Smoothed values of from 
11 , 562 . 0  - 77 . 00 (T/K) + 0 . 10534 ( T/K) 2 cal - 1 kT ln L = mol 

kT ln L = 14 , 2 55 . 0  - 96 . 92 8 (T/K) + 0 . 14153 (T/K) 2 cal mol- 1 
kT ln L = -6 , 0 04 . 4  + 4 1 . 018 (T/K ) + 0 . 09407 (T/K) 2 cal mol- 1 
kT ln L = -855 . 0  + 2 . 980 (T/K) + 0 . 02528 (T/K) 2 cal mol- 1 

(where k is in units of cal mol- 1 K- 1 )  for concentrations of 1 . 0 ,  2 . 0 , 
4 . 0  and 7 . 0  mol R.- 1 ,  respectively . 

AUXI LIARY INFORMATION 

METHOD /AP PARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer (1 )  
and Wen and Hung ( 2 ) . It consists 
of three main parts , a dissolution 
cell of 300 to 600  cm 3 capacity, a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cell , the gas is 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 99 . 97 
mole per cent . 

2 .  AR grade . 

3 .  Deionised , doubly distilled . 

introduced and dissolved while the ESTIMATED ERROR: 
liquid is kept stirred by a magnetic o T/K = ± 0 . 01 ;  oL/L = ± 0 . 005 
stirrer immersed in the water bath. (estimated by compiler) .  
Dissolution of the gas results in 

REFERENCES : the change in the height of a column 1 .  Ben-Naim , A. ; Baer , s .  
of mercury which i s  measured by a Trans . Faraday So c .  1963 , 59 , 

cathetometer . 2735 . 
2 .  Wen , W . -Y o � Hung , J .  H .  

J .  Phys . Chern.  197 0 ,  74 , 170 . 



Aqueous E lectrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82- 8 ]  

2 .  1 , 3 , 5 , 7-Tetraazatricyclo [ 3 , 3 , -

1 , 1 3 ' 7 ]  decane ; C s H 1 2N 4 ; 
[100-97-0]  

3 .  Water ; H 2 0 ;  [ 7 7 3 2-18-5 1 
VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Barone , G . ; · Castronuovo , G . ; 
Volpe , D . ; Elia , V . ; Grassi , L .  

J .  Phy s .  Chern . 

1979 , 8 3 ,  2 703-2714 . 

P REPARED BY : 

C .  L .  Young 

t/°C T/K Cone . of component 2a Ostwald coefficient , L 
/mol dm- 3 

15 2 8 8 . 15 0 . 0  0 . 0 3 918 
0 . 5  0 . 0 3 9 3 6  
1 . 0  0 . 0 3 9 3 2  
1 . 5  0 . 0 3 9 0 5  
2 . 0  0 . 0 3 8 5 6  
2 . 5  0 .  0 3785  
3 . 0  0 . 0 36 9 2  

25  2 9 8 . 15 0 . 0  0 . 03371  
0 . 5  0 . 0 3 4 3 4  
1 . 0  0 . 0 3 4 4 5  
1 . 5  0 . 0 3 4 05 
2 . 0  0 . 0 3314 
2 . 5  0 . 03172 
3 . 0  0 . 02979  

35  3 0 8 . 15 0 . 0  0 . 0 2 9 8 6  
0 . 5  0 . 0 3010  
1 . 0  0 . 0 3 0 2 6  
1 . 5  0 . 0 3 0 3 4  
2 . 0  0 . 0 30 3 4  
2 . 5  0 . 0 3 0 2 6  
3 . 0  0 . 03010  

a Units not explicitly given in original . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 ) . 
Teflon needle valves were used in 
place of s topcocks . 
The apparatus consists of three main 
parts , a dissolution cell of 300  to 
6 0 0  cm3 capacity , a gas volume 
measuring column and a manometer . 
The solvent is degassed in the 
dissolution cel l ,  the gas is intro
duced and dissolved while the liquid 
is kept stirred by a magnetic 
stirrer . Dissolution of the gas 
results in the change in the height 
of a column of mercury which is 
measured with a cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mole per cent . 

2 .  Fluka sample , recrystallized 
from ethanol .  

3 .  Doubly distilled . 

ESTIMATED ERROR: 

o T/K = ± 0 . 0 3 ;  oL/L = ± 0 . 0 0 5  

(estimated by compiler) • 

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , s .  
Tran s . Faraday Soa . 

19 6 3 , 5 9 ,  2 7 35 . 

1 79 



1 80 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ]  
2 .  e-D-Fructofuranosyl-a-D-gluco

pyranoside , (Sucrose) ; C 1 2H 2 20 1 1 ; 
[ 5 7-5 0-1 ] 

3 .  Water ; H20 ;  [ 7732-18-5 ] 

ORIGINAL MEASUREMENTS : 

Ben-Naim , A. ; Yaacobi , M.  
J . Phys .  Chern . 
1974 , ?8 , 170-5 . 

VARIABLES :  PREPARED BY : 
Temperature c .  L .  Young 

EXPE RIMENTAL VALUES : 

T/K Cone . of sucrose 
/mol 1- 1 

* 
Ostwald coefficient , 

L 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
303 . 15 

0 . 5  0 . 03592  
0 . 03276  
0 . 03020 
0 . 02813 
0 . 02646  

* 
Smoothed values of Ostwald coefficient obtained from 

kT ln L = 1 0 , 38 6 . 5 - 6 8 . 9 57 (T/K) + 0 . 09063  ( T/K ) 2 cal mol- 1 

where k is in units of cal mol- 1 K- 1 •  

AUXILI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 }  
and Wen and Hung ( 2 ) . I t  consists 
of three main parts , a dissolution 
cell of 300 to 600 cm 3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cell , the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Matheson sample , purity 99 . 97 
mole per cent . 

2 .  AR grade . 

3 .  Deionised, doubly distilled . 

ESTIMATED ERROR: 
oT/K = ± 0 . 01 ;  oL/L = ± 0 . 005 
(estimated by compiler ) • 

REFERENCES : 
1 .  Ben-Naim , A. ; Baer , s .  

Trans . Faraday Bo a .  196 3 ,  5 9 ,  
2735 . 

2 .  Wen , W. -Y . ; Hung , J .  H .  
J . Phy s .  Chern . 1970 , ?4 , 170 . 



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 74 - 8 2 - 8 ]  

2 .  Water; H 20 ; [ 77 3 2-18- 5 ]  
3 .  a-D-Glucopyronoside , S-D

fructofuranosyl (Sucrose)  ; 
c 1 2 H2 2 o 1 1 i  [ 57-SO-lJ  

Michels , A . ; Gerver , J . ; Bij l ,  A .  

Phy s i aa, 193 6 ,  3 ,  7 97- 8 0 8 .  

VARIABLES : PREPARED BY : 

Pressure , concentration 

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 6 0 . 2  
109 . 4  
157 . 5  
191 . 5  

6 0 . 3  
146 . 4  
2 6 5 . 8 
4 4 8  

Cone . o f  
sucrose 
/mol 1- 1  

1 . 0  

2 . 0  

C . L .  Young 

10 3 Hole fraction 
of methane in liquid , 

10 3 xCH4 

0 . 8 8 
1 .  35  
1 .  70  
1 .  94  
0 . 8 3 
1 .  53 
1.  96 
2 . 2 3 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Simple rocking equilibrium cell . 
Amount of gas absorbed calculated 
from volume and pressure change 
in charging vessel . Details in 
source . 

SOURCE AND PURITY OF MATERIALS : 

No details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  op/10 5Pa = ± 0 . 0 5 to 
0 . 5% ;  OXCH4 = ± 3-5% 

( estimated by compiler ) .  
REFERENCES : 

181  



1 82 Aqueous Electrolyte Sol utions 

COMPONENTS : 
1 .  Methane ; CH4 ; [74-82-8 ] 
2 .  Sulfinylbismethane ; (Dimethyl

sulfoxide , DMSO) ; C2 H sOS ; 
[ 6 7-68-5 ]  

3 .  Water ;  H20 ;  [ 7 732-18-5]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Ben-Naim , A . ; Yaacobi , M .  
J . Phy s .  Chern . 

1974 , 7 8 ,  170-5 . 

P REPARED BY : 

C .  L .  Young 

T/K #Mole fraction of 
DMSO , 

* 
Ostwald coefficient , 

L 

2 83 . 15 
288 . 15 
293 . 15 
298 . 15 
303 . 15 

xDMSO 

0 . 0 3 0 . 04329 
0 . 03977 
0 . 03684 
0 . 03440 
0 . 03236 

* 
Smoothed values of Ostwald coefficient obtained from 

kT ln L = 7 , 904 . 5  - 5 2 . 042 (T/K) + 0 . 06316 (T/K) 2 cal mol- 1 

where k is in units of cal mol- 1 K- 1 •  

# Mole fraction before saturation with methane which is virtually the 
same as the mole fraction after saturation . 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 )  • I t  consists 
of three main parts , a dissolution 
cell of 300 to 600  cm 3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cell , the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer lmmersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 99 . 97 
mole per cent . 

2 .  CP grade . 

3 .  Deionised , doubly distilled . 

ESTIMATED ERROR: 
oT/K = ± 0 . 01 ;  oL/L = ± 0 . 005 
(estimated by compiler ) .  

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , S .  
Trans . Faraday Soc . 1963 ,  5 9 , 
2735 . 

2 .  Wen , W . -Y . ; Hung , J .  H .  
J .  Phy s .  Chern . 197 0 ,  7 4 , 170 . 



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2 - 8 ]  
2 .  Water;  H 20 ;  [ 7 7 32-18-5]  
3 .  Glucose ; C sH 1 20 s ; [ 5 0-99- 7 ]  

VARIABLES : 

Pressure , concentration 

EXPERIMENTAL VALUES : 

T/K p/1 0 5Pa 

29 8 . 15 53 . 0  
10 8 . 1  
149 . 8  
1 9 2 . 8  

54 . 4  
10 2 . 1  
154 . 5  
2 0 4 . 4  
414 . 4  

Cone . of 
glucose 
/mol 1- 1 

1 . 0  

2 . 0  

Michels , A . ; Gerver , J . ; Bij l ,  A .  

Phy s i aa,  19 36 , 3 ,  797- 8 0 8 . 

P REPARED BY : 

C . L .  Young 

10 3 Mole fraction 
of methane in liquid , 

10 3xCH 4 

0 . 7 6 
1 . 32 
1 .  59 
1.  77 
0 . 67 
1 . 15 
1.  55  
1.  74  
2 . 6 6 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Simple rocking equilibrium cel l .  
Amount of gas absorbed calculated 
from volume and pressure change in 
charging vessel . Details  in 
source . 

SOURCE AND PURITY OF MATERIALS : 

No details given . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  op/10 5 Pa = ± 0 . 0 5  to 
0 . 5% ;  OXCH4 = ±3-5% . 
{ estimated by compiler) • 

REFERENCES : 

1 83 



1 84 Aqueous El ectrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ]  
2 .  Water; H20 ;  [ 7 732-1 8-5 ] 
3 .  2-Aminoethanol , (Monoethanol

amine } ; C 2H 1NO; [ 1 41- 43-5 ] 

VARIABLES :  

Temperature ,  pressure , composition 

EXPE RIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lawson , J . D . ; Garst ,  A.W.  

J .  Ch ern. Engng . Da ta. 19 76 , 2 1 ,  30-2 

PREPARED BY : 

C .L .  Young 

T/K P/MPa Cone . Mole fraction of 10 5x  Solubility 

310 . 93 

33 8 . 71 

3 6 6 . 4 8 

3 9 4 . 26 

6 . 578  
3 . 447  
6 . 578 

3 . 4 33 
6 . 846 
3 . 433  
6 . 578 

3 . 378 
6.  715 

3 . 503 
6 . 550 

Wt . % 
amine 

15 
40  

15  

40 

40 

40  

methane in liquid , I mol g- 1 ( soln} 
xCH 4 

0 . 00132 6 . 55 
0 . 000835  3 . 4 8  
0 . 00157 6 . 2 6 

0 . 000618 3 . 07 
0 . 00152 5 . 8 0 
0 . 000 835 3 . 33 
0 . 00155 6 . 20 

0 . 00230  9 . 16 
0 . 00416 16 . 6 0 

0 . 00105 4 . 19 
0 . 00197 7 . 8 5 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Rocking equilibrium cell fitted 
with liquid sampling valve . 
Pressure measured with Bourdon gauge . 
Cell charged with amine and then 
methane added . Liquid phase 
samples analysed volumetrically . 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Purity 9 9  mole per cent minimum. 
2 .  Distilled . 
3 .  Commercial sample , purity better 

than 99 mole per cent as 
determined by acid titration . 

ESTIMATED ERROR: 
oT/K = ± 0 . 15 ; oP/MPa = ±0 . 5% 
oxCH 4 = ± 3% . 

REFERENCES : 



Aqueous Electrolyte Solutions 185 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane; CH� ;  [ 74-82-8 ]  
2 .  Water ; H 20 ;  [ 7 732-18-5 ]  Lawson , J . D . ; Garst, A . W. 
3 .  2 , 2 �-Iminobisethanol ,  (Diethanol

amine) ; C �H 1 1NO ;  [111-42-2 ]  
J. Ch ern . Engng . Data . 1976 ,  2 1 ,  30-2 

VARIABLES :  P REPARED BY : 
Temperature , pressure , composition C . L .  Young 

EXPERIMENTAL VALUES : Mole fraction 10 5x  Solubility 
T/K P/MPa Cone . of methane in I mol g- 1 ( soln) 

Wt . % liquid ,.:rCH � 

310 . 9 3 3 . 530 5 0 . 000653  3 . 4 8 
6 . 640  0 . 00121 6 . 4 6 
3 . 515 25 0 . 000727 3 . 20 
6 . 6 7 4  0 . 00136 5 . 00 
3 . 6 2 7  4 0  0 . 000872 3 . 2 4 
6 . 433  0 . 00149 5 . 5 2 

33 8 . 71 3 . 558 5 0 . 000520 2 .  77  
6 . 7 43  0 . 000976 5 . 20 
3 . 523 25 0 . 000656 2 . 89 
6 .  7 71  0 . 00123 5 . 4 0 
3 .  571 40 0 . 000824 3 . 06 
6 . 4 6 0  0 . 00145 5 . 3 8 

3 6 6 . 4 8 3 . 558  25  0 . 000586 2 . 5 8 
6 . 3 43  0 .  00114 5 . 0 2 
3 . 654  40  0 . 000819 3 . 0 4 
6 . 6 4 0  0 . 000155 5 . 7 4 

394 . 26 3 . 4 54 25 0 . 000674  2 . 9 7  
6 . 3 4 3  0 . 001321 5 . 82 
3 . 434  40 0 . 000959 3 . 5 6 
6 . 2 60  0 . 00170 6 . 30 

AUXILIARY INFOR}�TION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Rocking equilibrium cell fitted with 1 .  
liquid sampling valve . Pressure 2 .  
measured with Bourdon gauge . Cell 3 .  
charged with amine then methane 
added . Liquid phase samples analysed 
volumetrically . 

Purity 99 mole per cent minimum . 
Distilled . 
Commercial sample , purity 
better than 99 mole per cent 
as determined by acid titration 

ESTIMATED ERROR: 
oT/K = ±0 . 15 ;  oP/MPa = ±0 . 5% 
OXCH4 = ± 3% . 

REFERENCES : 



1 86 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 ) Methane ; CH4 ; [74-82-8 ]  

( 2 )  Triethylenediamine o r  1 , 4-Diaza
bicyc1o [ 2 . 2 . 2 ]octane ; c6H12N2 ; 
[ 2 8 0-57-9 ]  

ORIGINAL MEASUREMENTS : 

Muccitelli , J .  A. ; Wen , W. -Y .  

J .  So Zution Chern.  1980,  9 ,  
141 - 16 1 .  

( 3 )  Sodium hydroxide ; NaOH ; [ 7 6 4 6-6 9-7 ]  
( 4 )  Water ; H20 ;  [ 7 732-18-5 ]  

VARIABLES : T/K : 
p/kPa : 

a2/mo1 dm-3 : 

278 . 15 - 298 . 15 
101 . 325  ( 1  atm) 
0 - 1 . 157 

EXPERIMENTAL VALUES : 
T/K C6H12N2 NaOH 

a2/mol dm-3 as/mol dm-3 

278 . 15 0 . 0  0 . 01 
0 . 2 9 1  0 . 01 
0 . 3 7 8 5  0 . 01 
0 . 8554  0 . 01 
1 . 010 0 . 01 

2 83 . 15 0 . 0  0 . 01 
0 . 1782 0 . 01 
0 .  2778 0 . 01 
0 . 5629 0 . 01 
0 . 8753  0 . 01 
1 .  039 0 . 01 

288 . 15 0 . 0  0 . 01 
0 . 1110 0 . 01 
0 . 1722  0 . 01 
0 .  2182 0 . 01 
0 . 3 835  0 . 01 
0 . 4763 0 . 01 
0 . 6238  0 . 01 
0 . 8 9 41  0 . 01 

Table continued on next page . 

PREPARED BY : 
H .  L .  Clever 

pH Ostwald 
Coefficient 
10 3L/cm3cm- 3 

---
12 . 02 4 9 . 82 ± 0 . 29 
12 . 03 52 . 8 3  
12 . 06 52 . 31 
12 . 06 51 . 80 
11 . 9 0  52 . 01 
12 . 08 44 . 42 ± 0 . 25 
12 . 01 4 5 . 41 
12 . 02 4 5 . 42 
12 . 07 4 6 . 48 
12 . 02 4 6 . 44 
12 . 08 4 7 . 15 
12 . 02 39 . 4 6  ± 0 . 25 
12 . 10 4 0 . 07 
12 . 00 4 0 . 02 
12 . 22 4 0 . 4 9  
12 . 01 4 1 . 98 
12 . 09 4 8 . 81 [si a ]  
12 . 23 42 . 33 
12 . 03 41 . 74 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The solubility apparatus and pro
cedure employed were similar to that 
described by Ben-Naim and Baer ( 1 )  
with modifications suggested by Wen 
and Hung ( 2 ) . The apparatus con
sists mainly of a mercury manometer , 
a gas-volume measuring buret , a dis
solution cell of about 4 5 0  cm3 
capacity , and a mercury reservoir . 
The degassing apparatus and pro
cedure used were similar to that 
described by Battino e t  a t . ( 3 ) . 
From published ionization constants 
the authors estimated that nearly 
100  per cent of the triethylene
diamine is unprotonated when the 
solution pH is 12 or above , and 
about 99 . 7  per cent is in the 
monoprotonated form when the solu
tion pH is 5 . 7  to 5 . 9 .  

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Specified to have a purity of 
99 . 95 per cent . 

( 2 )  Triethylenediamine . Aldrich 
Chemical Co . Recrytallized twice 
from diethylether , triturated and 
dried in vaauo over P205 for 
eight days at 50 °C . 

( 3 )  Sodium hydroxide . Carbonate free . 
( 4 )  Water . Carbon dioxide free . 

ES TIMATED ERROR: 
oT/K = ± 0 . 005 

oP/mmHg = ± 3 
o L/L = ± 0 . 005 

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , s .  

Trans . Faraday Bo a .  1964 , 60 , 17 3 6 .  
2 .  Wen , W. -Y . ; Hung , J . �  

J .  Phy s .  Chern . 1970 , 7 4 ,  170 . 
3 .  Battino , R . ; Banzhaf , M . ; 

Bogan , M. ; Wilhelm , E .  
Ana Z .  Chern . 197 1 ,  4 3 ,  8 0 6 . 



Aqueous E lectrolyte Sol utions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  
( 2 )  

( 3 )  
( 4 )  

Triethylenediamine or 1 , 4-
Diazabicyclo [ 2 . 2 . 2 ] octane ; 
c6H1 2N2 ; [ 2 8 0-57-9 ]  
Sodium hydroxide ; NaOH ; 
[ 7 6 4 6-6 9-7 ] Water ; H20 ;  [ 77 32 - 1 8 - 5 ]  

VARIABLES :  
T/K : 

P/kPa : 
a 2/mol dm- 3 : 

2 7 8 . 1 5  - 298 . 1 5 
1 0 1 . 3 2 5  ( 1  atm) 
0 - 1 . 157  

EXPERIMENTAL VALUES : 
T/K C6H1 2N2 

293 . 1 5 

2 9 8 . 1 5 

a 2!mol dm- 3 

0 . 0  
0 . 1 3 9 5  
0 . 2 4 4 0  
0 . 6 7 7 2  
1 . 1 57 
0 . 0  
0 . 1 8 0 7  
0 . 4 8 3 6  
0 . 7 6 8 2  
0 . 9947  

NaOH 

a 3/mol 

0 . 0 1 
0 . 01 
0 . 01 
0 . 01 
0 . 0 1 
0 . 01 
0 . 01 
0 . 0 1 
0 . 01 
0 . 01 

dm- 3 

ORIGINAL MEASUREMENTS : 
Muccitelli , J .  A . ; Wen , W . -Y .  

J .  So Zution Chem . 1 9 8 0 , 9 ,  
1 4 1  - 1 6 1 . 

PREPARED BY : 

H .  L .  Clever 

pH Ostwald 
coefficient 
1 0 3 L/cm3 cm- 3 

---

1 2 . 02 3 6 . 63 ± 0 . 3 7 
1 2 . 02 36 . 7 5 
1 2 . 0 2 3 7 . 3 2 
1 2 . 0 8 38 . 2 9 
1 2 . 01 38 . 71 
1 1 . 8 8 33 . 4 8 ± 0 . 16 
1 1 . 7 4  34 . 10 
1 1 . 94 3 5 . 55 
1 1 . 9 3 35 . 7 1  
1 2 . 0 3 3 6 . 38 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
See preceding page . See preceding page . 

ESTIMATED ERROR: 

See preceding page . 

REFERENCES : 

See preceding page . 
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1 88 Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74-8 2-8 ]  

( 2 )  Sulfuric acid monohexyl ester , 

ORIGINAL MEASUREMENTS : 

Bolden , P .  L . ; Hoskins , J .  C . ; 
King , A .  D .  Jr . 

sodium salt or sodium hexyl- J. Co Z Zoid In te rfaae Sai . 1983,  91 , 
sulfate ; c6H14o4s . Na ;  [ 2207-98-9 ]  454-4 6 3 .  

( 3 )  Water ; H2o ;  [ 7 7 32-18-5 ] 
VARIABLES : T/K = 298 . 15 

p 1/kPa = 
m2/mol kg- 1 = 0 - 1 . 10 

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL V�AL�U�E�S�:------------------------------------------------
Temperature Sodium Hexyl

sulfate 
m2!mol kg- 1 

Henry ' s  Constant 
Methane 
K/mol kg- 1 atm- 1 

2 5  2 9 8 . 15 0 
0 . 10 
0 . 3 0 
0 . 50 
0 . 60 
0 . 7 0  
0 . 80 
0 . 90 
1 .  00  
1 . 10 

1 .  ssa 
1 . 6 2 
1 .  61 
1. 51 
1 .  43 
1.  60  
1 . 71 
1 .  78  
1 .  8 4  
1 .  90  

a Solubility value in water from reference 1 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The solution of surface active 

material is contained in a glass
lined brass equilibrium cell resting 
on a magnetic stirrer . The solution 
is degassed by evacuation and stir
ring . Gas is introduced at pressures 
above atmospheric and equilibration 
is continued for at least five hours 
Subsequently as the pressure is 
released to a lower pressure , the 
gas evolved from the supersaturated 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Source not given . Stated 

to be c .  p .  grade , 99 % or better 

( 2 )  Sodium hexylsulfate . Eastman 
Kodak Co . Recrytallized from 
2-propanol and dried in vaauo . 

( 3 )  Water . Double distilled . 

solution is collected at atmospheric �������-------------------------i 
pressure and ambient temperature in ESTIMATED ERROR: 
a Warburg manometer and its volume 
measured. 

Corrections are made for the gas 
lost during the venting procedure , 
the differences in temperature and 
pressure , and the water vapor pres
sure in the calculation of Henry ' s  
constant. 

Details are in an earlier paper 
(ref 1 ) . 

REFERENCES : 

1 .  Matheson ,  I .  B .  C . ; King , A .  D .  
J .  Co Z Z .  Interfaae Sai . 1978, 8 8 ,  
4 6 4  

• 



Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane � CH4 � 1 74 - 8 2 - 8 ]  Matheson , I .  B .  C . � King , A .  D .  

( 2 )  Sulfuric acid monododecyl ester 
sodium salt ( sodium dodecyl 
sulfate or SDS ) ; c12H2 6o4 s . Na ;  
[1 51-21- 3 ]  

J .  Co t t .  Interfaa e  Sai . 1 9 7 8 , 66 , 
4 64 - 4 6 9 . 

( 3 )  Water � H2o �  [ 7 7 32-18-5]  

VARIABLES : T /K : 298  . 15 
p/kPa : 2 55 . 1-8 2 0 . 5 ( 3 7 . 0-119 . 0  psig) 
SDS/mol kg- 1 H20 :  0 - 0 . 3 0 0  

EXPERIMENTAL VALUES : 
T/K Sul furic acid Pressure 

monodecyl ester pounds per 
sodium salt square 
m /mol kg- 1  inch , gauge 2 EIESi9: 

2 9 8 . 15 0 4 2 . 7  
68 . 2  

119 . 0  

0 . 150  3 7 . 0  
7 0 . 5  
94 . 5  

0 . 3 0 0  53 . 2  
75 . 4  

112 . 0  

PREPARED BY : 
H .  L .  Clever 

Volume Ambient Ambient 
gas Pressure Temperature 
evolved P/mmHg t/ ° C 
v1/cm3 

11 . 6  7 4 4 . 6  24 . 5  
18 . 8  7 4 9 . 9  2 3 . 0  
31 . 1  7 4 4 . 7  2 3 . 9  

12 . 1  7 5 5 . 4  21 . 9  
2 2 . 7  75 8 . 6  21 . 2  
2 9 . 6  756 . 7  2 2 . 0  

19 . 6  7 4 9 . 6  21 . 9  
2 6 . 7  7 5 2 . 8  21 . 2  
39 . 2  7 5 2 . 0  2 2 . 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Henry ' s  
constant 
10 3 K/mol 
kg- 1 atm- 1 

1 . 55± 0 . 0 3 

1 . 8 8 ± 0 . 0 3 

2 . 09± 0 . 03 

The apparatus consists of a j acketed 
thermostated thick-walled cyl indrical 
brass bomb which rests on a variable 
speed magnetic stirrer . An inlet 
line to the bomb is connected to a 
gas manifold , and an exit line is 
connected to a Warburg manometer . 
Bourden gauges are used to record 

( 1 )  Methane . Source not given . 

the pressure . 
The solution , consisting of 100  g of 
water and the colloidal electrolyte , 
is contained in a glass liner inside 
of the bomb . The solution is de
gassed by evacuation to j ust above 
water vapor pressure and then 
stirring for several hours . The gas 
is introduced over the solution at 
the desired pressure and the solu
tion is stirred for a minimum of five 

Chemically pure or equivalent 
of 99 . 0  mole percent purity . 

( 2 )  Sulfuric acid monododecyl ester 
sodium salt . Aldrich Chemical 
Co . ,  Inc . Recrystallized from 
ethanol and dried in vaauo . 

( 3 )  Water . Laboratory distilled . 

ESTIMATED ERROR: 

o K/K = 0 . 02 

hours . 

1 89 

The gas is vented to atmospheric pressure . The gas from the supersaturated 
solution is collected in the Warburg manometer and its volume measured at 
atmospheric pressure and ambient temperature . corrections for gas lost dur
ing venting and thermal equilibration and for water vapor pressure are made . 
The solubility is reported as Henry ' s constant , K/mol gas kg- 1 atm- 1 = 
gas molality/pressure = (m1/mol kg- 1 ) / (p/atm) . 



1 90 Aq ueous Electrolyte Solutions 

COHPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; cH4 ; [ 7 4-82-8 ] 

Ben-Naim , A. ; Battino , R. 
( 2 )  Sodium dodecylsulfate or SDS ; 

c12H2 5so4Na ; [ 151-2 1-8 ] J .  So lution Chern. 1985 ,  1 4 ,  2 4 5-5 3 .  

( 3 )  water; H20 ;  [ 7 7 32-18-5 ] 

EXPERIMENTAL VALUES :  

Temperature 

15  2 8 8 . 15  

18  291 . 15 

2 1  294 . 15 

2 4  297 . 15 

27 300 . 15 

Sodium Dodecyl 
sulfate 
a2/mol dm- 3 

o . o  

0 . 002  
0 . 0 0 5  
0 . 01 
0 . 03 
0 . 05 
0 . 08 

o . o  

0 . 00 8  
0 . 05 
0 . 08 

0 . 0  

0 . 00 5  
0 . 0 0 8  
0 . 01 
0 . 03 
0 . 05 
0 . 08 

o . o  

0 . 00 5  
0 . 00 8  
0 . 05 
o . o 8 

0 . 0  

0 . 00 2  
0 . 004  
0 . 00 5  

0 . 00 8  
0 . 01 
0 . 0 3  
0 . 05 
o . o 8  

Ostwald 
Coefficient 

10 3L/cm cm- 3 

4 0 . 9 4  
40 . 60 
, 4 2 . 0 
4 2 . 2  
4 1 . 6  
4 2 . 2  
4 2 . 2  
4 4 . 1  

39 . 1  
38 . 6  
39 . 2  
4 0 . 5  
4 1 . 8  

37 . 0  
36 . 7  
36 . 4  
37 . 6 4 
37 . 0  
38 . 3  
38 . 0  
39 . 6  

35 . 5  
34 . 8 5 
3 6 . 0  
34 . 9  
3 6 . 2  
37 . 8  

32 . 7  
33 . 1  
33 . 5  
33 . 5  
33 . 8  
33 . 0  
33 . 4 5  
33 . 5  
3 4 . 5  
35 . 5  
36 . 1  

The values o f  ��� calculated from the experimental 
Ostwald absorption coefficients were 
fit to the following equation by the authors .  

�11; = - RT ln L 

= - 29 8 6 . 19 + 16 . 7082  (T/K) - 5 2 3 . 5 3 4  (a2/mol dm- 3 ) 

with R in cal K- 1 mol- 1 •  



Aqueous E lectrolyte Solutions 1 91 

COMPONENTS : 

{ 1 )  Methane ; CH4 ; [ 74-82-8 ] 

{ 2 )  Sodium dodecylsulfate ; [ 151-21-3 ] 
c12H2 5so4Na 

{ 3 )  Water ; H2o ;  [ 7 7 32-18-5]  

VARIABLES : T/K = 
p 1/kPa = 

c 2;mol dm- 3 = 

EXPERIMENTAL VALUES : 

2 8 8 . 15 - 300 . 15 
1 0 1 . 3 2 5  
0 - 0 . 1  

ORIGINAL MEASUREMENTS : 

Ben-Naim , A . ; . Battino , R .  

J .  So Zution Chern . 1 9 8 5 ,  1 4 ,  2 4 5 -5 3 .  

PREPARED BY : 
H .  L .  Clever 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus is  similar to that 
described by Ben-Naim and Baer {ref 
1 ) . It  consists of three main parts ! a dissolution cell o f  3 0 0  to 6 0 0  em 
capacity , a gas volume measuring 
buret , and a manometer . The solvent 
is degassed in the dissolution cell , 
and the gas is introduced and diss
olved while the liquid is stirred by 
a magnetic stirrer . Dissolution of 
the gas results in the change in the 
height of a column of mercury which 
is measured by a cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

{ 1 )  Methane . Matheson Co . ,  Inc . 
Stated to be 9 9 . 95 percent 
minimum purity . 

{ 2 )  Sodium dodecylsulfate . British 
Drug House . Stated to be 
' especially pure ' .  Used without 
further purification . 

{ 3 )  Wate r .  Distilled . Specific cond
uctivity < 1 x 10- 6 {ohm cm) - 1 • 

ESTIMATED ERROR: 
oT/K = ± 

oc 2/mol dm- 3 = ± 
oL/L = ± 

REFERENCES : 
1 .  Ben-Naim , A . ; Bae r ,  

Tran s .  Faraday Soc . 
2 7 3 5 . 

0 . 05 
0 . 0 0 0 5  
0 . 01 

s .  
1 9 6 3 ,  59,  



1 92 Aqueous Electrolyte Solutions 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane; CH4 ; [ 7 4- 82-8 ]  Stoessel! , R .  K. ; Byrne , P . A. 
( 2 )  Clay and sediment slurries Clays CZay Mi ner . 1 98 2 ,  30 , 67-72 . 
( 3 )  Water ; H2o;  [ 7732-1 8-5 ]  

Sea water 

EXPERIMENTAL VALUES : 

Temperature Pressure 

p 1 /psia p 1 /kPa 

Clay or 
Sediment 

/wt% 

Na saturated SAz-1 dispersed into distilled water 

25  2 98 . 1 5 350 2410  

550  3790  

750  5170  

Na saturated swy-1 dispersed in distilled 

25 2 98 . 1 5 350 2 4 1 0  
. 

550  3790  

750 5170 

Sediment dispersed in distilled water 

25 298 . 1 5 350 2 4 1 0  

550 3790 

7 5 0  5 1 7 0  

Sediment dispersed in sea water of 34 . 84 %  

25 298 . 1 5 350 2410  

550  3790 

750 5170  

0 
1 .  09  
1 .  99  
5 . 5 2 

1 0 . 32  

0 
1 .  09  
1 .  99 
5 . 52 

1 0 . 32 

0 
1 .  09 
1 .  99 
5 . 5 2 

1 0 . 32  

water 

0 
1 .  01  
2 . 0 1 

0 
1 .  01  
2 . 01 

0 
1 .  01  
2 . 01 

0 
7 . 1  

0 
7 . 1  

0 
7 . 1  

salinity 

0 
9 . 7  

0 
9 . 7  

0 
9 . 7  

aHigh viscosity gel that would not release gas at 

Methane 

0 . 0318  
0 . 03 00 
0 . 0298 
0 . 0299 
0 . 0296 

0 . 0473  
0 . 0457 
0 . 0457 
0 . 04 6 6  
o .  0472 

0 . 0623 
0 . 0596 
0 . 06 1 0  
0 . 0�20 
o . o  08 

0 . 0318 
0 . 0306 _a 

0 . 04 7 3  
0 . 04 67  
0 . 04 6 5  

0 . 0623 
0 . 0621  
0 . 0613  

0 . 0318  
0 . 0312  

0 . 0473 
0 . 0468  

0 . 0623  
0 . 0616  

0 . 0263  
0 . 0250  

0 . 0400 
0 . 0396 

0 . 0514  
0 . 05 17  

these conditions . 



Aqueous Electrolyte Solutions 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2- 8 )  

( 2 )  Clay and sediment slurries 

{3 ) Water ; H20;  [ 77 32-18- 5 )  

sea water 

VARIABLES : 
T/K = 

p _z /kPa = 
slurries /wt % = 

2 9 8 . 1 5 
2 4 1 0  - 5 1 7 0  
0 - 1 0 . 32 

SOURCE AND PURITY OF MATERIALS : 

ORIGINAL MEASUREMENTS : 

Stoessell , R. K . ; Byrne , P . A .  

Clays Clay Mi ner 1 98 2 ,  3 0 ,  67- 7 2 .  

PREPARED BY : 

H .  L .  Clever 

( 1 )  Methane.  !1atheson ultra high purity . Minimum purity 9 9 . 97 percent. 

( 2 )  SAz- 1 .  Cheto montmoril lonite from Arizona . 

SWy- 1 .  Bentonite montmorillonite from Wyoming . 

Both were obtained from The Clay Minerals Society . Data on these 
clays are reported by Van Olphen , H . ; Fripiant , J. J . , Editors , 
Data Handbook for C lay Minera l s  and Other Non-Me ta l l i a  Minera l s ,  
Pergamon Press , Ltd . , Oxford and New York , 1 97 9 ,  346pp . 

1 93 

Samples of each clay were treated with H2o2 to remove organic material .  
Following settling to remove non-clay minerals , the samples were cen
trifuged and washed to remove soluble salts . X-ray powder photographs 
showed no crystalline impurities in SAz- 1 ,  but showed the presence of 
minor quartz in SWy- 1 .  The exchange sites were saturated with Na by 
mixing 1 0  g of clay with one liter of 1 mol drn- 3 NaCl solution . The 
s lurries were al lowed to set for one week with occasional shaking.  
They were then washed and centrifuged until chloride ion could not be 
detected by silver nitrate . The washed clay was then dispersed into 
distilled water to make the slurries . 

Marine sediment . Obtained from a core off the present Missis sippi 
delta in 60 m of water and 1 0  m below the bottom . The argillaceous 
sediment was stored for 2 months in a brine containing 1 5 0 , 000  ppm 
NaC l .  It was then centri fuged and washed unti l chloride ion could 
not be detected . The organic carbon content was 1 . 2  ± 0 . 2  wt % .  X-ray 
diffraction patterns of the sediment showed the fol lowing major 

(continued below) 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Solubility determinations were made 
using a titanium-lined chamber within 
a stainless-steel reaction vessel 
j acketed by a water bath for tempera
ture contro l .  The system pressure 
was set by contro lling the input and 
output of methane within the chamber 
headpiece.  The vessel was rocked for 
3 h to al low equi libration between 
the methane and slurry . 

The amount of gas in the saturated 
solution was measured by transfer of 
a sample volume to a loop at the 
system pressure , followed by flashing 
the sample in an expansion loop and 
measuring the gas pressure in a known 
volume . The total gas volume and 
pressure change were used to compute 
the moles of methane assuming ideal 
behavior .  A correction was made for 
the gas not released on flashing.  

SOURCE AND PURITY OF 

components : 
dioctahedral 
crystallized 

MATERIALS : (continued ) 
quartz , feldspar , 
smeci te , and well
mica and kaolinite . 

( 3 )  Water . Distilled . 

Sea water. 3 4 . 8 5 %  salinity . 

ESTIMATED ERROR: 
o T/K = ± 0 . 1  

opi /psia = ± 1 
oml /mo kg- = ± 0 . 0 0 0 3  Av . 

± 0 . 0005  Max . 
REFERENCES : 



1 94 Aqueous Electrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 74-82-8 ] 

2 .  Ethane ; C 2H 6 ;  [ 74-84-0 ] 
3 .  Propane ; C 3 H a ; [ 74 -98-6 ] 
4 .  Water ; H 20 ;  [ 7 73 2-18-5 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Amirijafari , B . ; Campbell , J .  M.  
Boa . Pe t .  Engnrs . J .  
1 9 7 2 1 1 2  1 2 1- 2 7  • 

PREPARED BY : 

c .  L .  Young 

1 0 3 x Mole fraction 
in liquid Mole fraction in vapora 

P/psi P/MPa l03xCH � l0 3:.t:C 2H 6  l0 3:.t:C 3H a  
I I I y CH� y C 2H 6  y C 3 H a  

3 7 7 . 59 
( 2 2 0 )  

344 . 26 
( 1 6 0 )  
3 6 0 . 9 3 

( 19 0 )  
3 7 7 . 59 

( 2 2 0 )  

6 6 5  
2 0 6 5  
3 0 1 5  
4 0 1 5  
5 0 1 5  

6 6 5  
2 0 6 5  
3 0 1 5  
4 0 15 
5015  
5000  

5000  
5000  

665  
2 0 6 5  
3 0 1 5  
4 0 15 

6 6 5  

4 . 5 9 1 . 1 7 8  
1 4 . 24 2 . 0 6 8  
2 0 . 79 2 . 370  
2 7 . 6 8 2 . 6 7 6  
34 . 5 8 2 . 9 4 2  

4 . 59 1 . 2 76  
14 . 24 2 . 24 4  
20 . 7 9 2 . 57 0  
2 7 . 6 8 2 . 8 8 2  
34 . 5 8 3 . 16 2  
34 . 4 7  2 . 7 8 0  

34 . 4 7 2 . 8 3 0  
34 . 4 7  3 . 15 8  

4 . 5 9 1 . 175  
1 4 . 24 2 . 234  
2 0 . 7 9 2 . 6 14 
27 . 6 8 2 . 8 8 2  

4 . 59  1 .  2 3 0  

0 . 398  0 . 01 9  0 . 5023  0 . 2 5 2 7  0 . 2 4 5 0  
0 . 7 0 0  0 . 03 2  0 . 5 0 2 3  0 . 2 5 2 7  0 . 2 4 5 0  
0 . 8 0 3  0 . 04 1  0 . 50 2 3  0 . 2527  0 . 24 5 0  
0 . 9 06  0 . 04 2  0 . 5 0 2 3  0 . 2 5 2 7  0 . 24 5 0  
0 . 9 98  0 . 0 39 0 . 50 2 3  0 . 2527  0 . 24 50 
0 . 2 7 1  0 . 04 8  0 .  6 1 1 0  0 . 1 7 8 0  0 . 2 1 1 0  
0 . 4 76  0 . 0 8 6  o .  6 1 1 0  0 . 1 7 8 0  0 .  2 1 1 0  
0 . 5 4 6  0 . 1 0 2  0 . 6 1 1 0  0 . 1 7 8 0  0 .  2 1 1 0  
0 . 6 13 0 . 1 1 1  0 . 6 1 1 0  0 . 17 8 0  0 .  2 1 1 0  
0 . 6 7 2  0 . 1 2 3  o .  6 1 1 0  0 . 17 8 0  0 .  2 1 1 0  
0 . 3 23  0 . 198  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1 9 2 0  

0 . 3 29  0 . 2 06  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1 9 2 0  
0 . 36 7  0 . 2 2 5  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1920  
0 . 1 3 7  0 . 08 3  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1 9 2 0  
0 . 2 60  0 . 16 1  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1 9 2 0  
0 . 3 04 0 . 1 6 1  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1 9 2 0  
0 . 3 28  0 . 2 0 5  0 . 7 0 1 5  0 . 1 0 6 5  0 . 1 9 2 0  
0 . 11 9  0 . 0 4 0  0 . 8 2 1 8  0 . 0 9 4 5  0 . 0 8 3 7  

( cont . ) 

a Mole fraction of hydrocarbon in water-free gas phase . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Static stainless steel equilibrium 
vessel of approximately 75  mL 
capacity . Pressure measured with 
Bourdon gauge and temperature 
measured with thermocouple . Samples 
of liquid and vapor analysed using 
a gas chromatograph equipped with a 
flame ionisation detector . 
Poropak R column used . 

SOURCE AND PURITY OF MATERIALS : 

1 ,  2 and 3 .  Pure grade samples ,  
purity 9 9 . 9  mole per cent . 

4 .  No details given . 

ESTIMATED ERROR: 

oT/K = ±0 . 0 3 ;  oP/MPa = ± 1 % ;  
ox , oy = ± 2 % . 

REFERENCES : 



Aqueous E lectrolyte Solutions 

COMPONENTS : 

1 .  Methane ; CH4 ; 
2 .  Ethane ; C 2HG ; 
3 .  Propane ; C 3H e ; 

[ 74-82- B ]  
[ 7 4-8 4-0 ]  
[ 7 4-98-6 ] 

4 .  Water ;  H 20 ; [ 773 2-18-5 ] 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Arnirij afari , B .• ; 
Soa . Pet .  Engnrs . 
1972 , 12 , 21-27 . 

Campbell ,  J .  M.  
J .  

10 3 x Mole fraction 
in liquid Mole fraction in vapora 

377 . 59 
( 2 2 0 )  

P/psi 

2065  
3015 
4 015 
5015 
665 

2065 
3015 
4 015 
5015 

P/MPa 10 3xCH 4 103xC 2HG 103xC JHe 

14 . 24 
20 . 79 
2 7 . 6 8 
34 . 5 8 
4 . 59 

14 . 24 
20 . 7 9 
27 . 6 8  
34 . 5 8 

2 . 000 
2 . 6 6 8  
2 . 8 4 2  
3 . 276 
0 . 768  
1 .  305 
1 .  508 
1.  6 3 5  
1 .  B O O  

0 . 194 
0 . 258  
0 . 275 
0 . 317 
0 . 596  
1 .  002 
1 . 170 
1. 269  
1 .  396  

0 . 056  
0 . 079 
0 . 087  
0 . 099  
0 . 216 
0 . 348  
0 . 4 27 
0 . 4 61  
0 . 607 

, , , y CH4 y C 2H 6 y C 3H e  

0 . 8 218 
0 . 8 218 
0 . 8218 
0 . 8218 
0 . 2594 
0 . 2594 
0 . 2594 
0 . 2594 
0 . 2594  

0 . 09 4 5  
0 . 0945  
0 . 0945  
0 . 0945  
0 . 3558 
0 . 3558 
0 . 3558  
0 . 3558 
0 . 3558 

0 . 0837 
0 . 0837  
0 . 0837  
0 . 0837  
0 . 3848  
0 . 3 8 48  
0 . 3 8 48  
0 . 3848  
0 . 38 4 8  

a Mole fraction of  hydrocarbon in  water-free gas phase . 
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1 96 Other Aqueous Solutions 

COMPONENTS : 

1 .  Methane ; CH .. ; [ 7 4-82-8 ]  

2 .  Butane ; C " H 1 o i  [ 106-97-8 ]  

3 .  Water ; H 2 0 ;  [ 7732-18-5 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 
Experimental data 

T/K P/MPa Phase a 

( TjOF )  (P/ps i )  

3 10 . 9  4 . 35 v 
( 10 0 )  ( 6 31 )  L h  

Lw 
1. 39 v 
( 2 02 )  L h  

Lw 
9 . 6 9 v 

( 1406 )  L h  
Lw 

6 . 75 v 
( 9 7 9 )  L h  

Lw 
3 . 2 7 v 
( 4 74 ) L h  

Lw 
1 .  4 6  v 
( 2 12 )  Lh 

Lw 
14 . 13 v 
( 1838 ) Lh 

Lw 
13 . 10 v 
( 1900 ) Lh 

( cont . )  Lw 

ORIGINAL MEASUREMENTS : 

McKetta , J. J . ; Katz , D .  L .  

Ind. Eng . Chem . 

194 8 ,  4 0 , 8 5 3-862 . 

PREPARED BY : 

C .  L .  Young 

in the three-phase region.  

Mole fractionb 

xcH .. xC " H 1 o 

0 .  8710 0 . 1290  
0 . 2076 0 . 7924  
0 . 000649 0 . 0000594  
0 . 7850 0 . 2150  
0 . 06 9 4  0 . 9306 
0 . 0002635  0 . 000087 
0 . 8580 0 . 1420 
0 . 4505 0 . 5 495  
0 . 001505 0 . 000045 
0 . 8650 0 . 1350 
0 . 3070 0 . 6930  
0 . 001051 0 . 000065 
0 . 8470 0 . 1530 
0 . 1479 0 . 8521  
0 . 00072 0 . 000080 
0 . 7125 0 . 2 8 75  
0 . 0480  0 . 9520  
0 . 000299 0 . 0000507 
0 . 8140 0 . 1860 
0 . 6240  0 . 3760 
0 . 001805 0 . 000033 
o .  7770 ' 0 . 2230  
0 . 6 690  0 . 3310 
0 . 001818 0 . 0000295 

X H 2 0  

0 . 00 184 
0 . 000838  
0 . 99 929 
0 . 00508  
0 . 000654 
0 . 9996495  
0 . 001028 
0 . 000864  
0 . 9 9 8 45  
0 . 00 1315 
0. 000871  
0 . 9 9 8884  
0 . 002315 
0 . 000809 
0 . 9 992 
0 . 00485  
0 . 000692  
0 . 99965  
0 . 000858  
0 . 000824  
0 .  9 9 8 16 2  
0 . 0008405 
0 . 000831 
0 . 9 9815 

AUXI LIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Equi librium cell of approx . 1 dm3 

capaci ty fitted with glass window , 

3 sampling ports , mercury inj ection 

port and stirring mechanism. 

Temperature measured with copper

constantan thermocouples . Pressure 

measured with Bourdon gauge . 

Methane then butane and water charged 

into cell. Samples taken after 

equilibrium established . Samples 

analysed by removing water and 

weighing the hydrocarbon and 

determining amounts from knowledge 

of mass , volume and pre ssure of 

gas . Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 
purity 99 . 9  mole per cent , dried . 

2 .  Phillips Petroleum Co . sample , 
purity 99 . 9  mole per cent , dried . 

3 .  Redistilled in atmosphere of 
methane . 

�E�S�T�I-MA-T�E�D-=ER�R�0�R-:
-----------------------; 

o T/K = ± 0 . 12 ;  oP/MPa = ±0 . 03 ;  
oxcH .. ' OXC 4 H l o '  6YcH .. ' 6Yc 4 H l o = ± l% 

( estimated by compiler) .  
REFERENCES : 



Other Aqueous Solutions 

COMPONENTS : 

l .  Methane : CH 4 :  [ 74-82 - 8 ]  

2 .  Butane : C 4H 1 o : [ 106-97-8 ] 

3 .  Water : H2 0 :  [ 77 32-18 - 5 ]  

EXPERIMENTAL VALUES : 

Experimental 

T/K P/MPa Phase a 
( TjDF )  ( P/psi)  

310 . 9  13 . 17 v 
( 1 0 0 )  ( 1910 ) Lh 

Lw 
13 . 18 v 
( 19 1 2 )  L h  

Lw 
12 . 96 v 
( 18 8 0 )  Lh 

Lw 
8 . 41 v 

( 12 2 0 )  Lh 
Lw 

3 4 4 . 3  11 . 6 0 v 
( 16 0 )  ( 1 6 8 3 )  L h  

Lw 
10 . 2 0 v 
( 14 7 9 )  L h  

LW 
7 . 0 5 v 

( 1 0 2 2 )  L h  
Lw 

3 . 6 9 v 
( 5 35 ) Lh 

LW 
l.  32 v 
( 1 9 2 )  L h  

LW 
11 . 2 7  v 
( 1 6 3 5 )  L h  

Lw 
11 . 92 v 
( 17 2 9 )  L h  

Lw 
7 . 2 5 v 

( 10 5 1 )  Lh 
Lw 

12 . 3 8 v 
( 1 7 9 6 )  L h  

LW 
4 . 16 v 
( 6 0 4 )  Lh 

Lw 
12 . 4 8 v 
( 18 10 )  Lh 

LW 
377 . 6  8 . 56 v 

( 2 2 0 )  ( 12 4 1 )  Lh 
Lw 

9 . 0 7 v 
( 1316 ) Lh 

LW 
7 . 35 v 

( 1 06 6 )  Lh 
LW 

5 . 9 0 v 
( 8 5 5 )  L h  

LW 
( cont . ) 

ORIGINAL MEASUREMENTS : 

McKetta , J .  J .  : . Katz , D .  L .  

Ind.  Eng . Chem.  

1948 , 4 0 ,  853-862 . 

data in the three-phase region . 

Mole fractionb 
:cCH4 

0 . 7 4 9 0  
0 . 6 9 7 5  
0 . 01852  
0 . 7390  
o .  7130  
0 . 0 0 1852 
0 . 8 0 4 0  
0 . 6 4 2 0  
0 . 001822  
0 . 8 7 9 0  
0 . 3 8 6 0  
0 . 00129  
0 . 7 4 2 5  
0 . 5105 
0 . 00149  
0 . 7 8 10 
0 . 4 3 8 0  
0 . 00135  
0 . 7 9 6 0  
0 . 2 9 3 8  
0 . 0 0 0 9 9  

0 . 1348  
0 . 0 0 052 
0 . 336 0 
0 . 02 6 6  
0 . 0 0 0 0 15 
0 . 7 6 95 
0 . 4 9 6 5  
0 . 0 0 1 4 6 2  
0 .  7155 
0 . 5 3 3 0  
0 . 0 0 1535  
0 . 7 9 9 0  
0 . 2 9 7 5  
0 . 0 0 0 9 75 
0 . 6 6 4 5  
0 . 5895  
0 . 001585  
0 . 7 4 4 5  
0 . 15 6 8  
0 . 000555  
0 . 6 4 7 5  
0 . 6 0 0 0 0  
0 . 001602  
0 . 5790  
0 . 3202  
0 . 0 0 0 9 9 8  
o .  5770  
0 . 3476  
0 . 0 0 10 9 1  

0 . 2 6 2 0  
0 . 0 0 0 9 2 9  
0 . 5875  
0 . 1918 
0 . 0 0 0 6 2 6  

:cC4 H 1 o 

0 . 2 5 10 
0 . 3025  
0 . 0 0 0 0 2 8  
0 . 2 6 10 
0 . 2 87 0  
0 . 0 0 0 0 2 8  
0 . 1960 
0 . 35 8 0  
0 . 0 0 0 0 314 
0 . 12 1 0  
0 . 6 140  
0 . 0 0 0 0 6  
0 . 2 5 7 5  
0 . 4895  
0 .  00072  
0 . 2 190 
0 . 5 6 2 0  
0 . 0 0 0 0 1  
0 . 2 0 4 0  
0 . 70 6 2  
0 . 0 0 0 0 9 1  

0 . 8 6 5 2  
0 . 0 0 0 0 9 8  
0 . 6 6 40 
0 . 9 7 34 
0 . 0 0 0 2 1  
0 . 2 305  
0 . 5 0 3 5  
0 . 0 0 0 0 64 
0 . 2 8 4 5  
0 . 4 6 7 0  
0 . 0 0 0 0 6 4  
0 . 2010  
0 . 7025  
0 . 0 0 0 1 3 3  
0 . 3355  
0 . 4 2 0 5  
0 . 0 0 0 0 4 8  
0 . 2 5 5 4  
0 . 8 4 32 
0 . 0 0 0 1 6 5  
0 . 3525 
0 . 4 0 0 0  
0 . 0 0 0 0 4 6  
0 . 4 2 10 
0 . 6 8 9 8  
0 . 0 0 0 2 0 5  
0 . 4 2 3 0  
0 . 6 5 2 4  
0 . 0 0 0 156 

0 . 7 3 8 0  
0 . 0 0 0 119 
0 . 4125  
0 . 8 0 8 2  
0 . 0 0 0 2 5 6  

:cH2 0 

0 . 0 0 0 8 31 
0 . 0 0 0 8 3 2  
0 . 99 8 12 
0 . 0 0 0 8 35 
0 . 0 0 0 8 3 5  
0 . 9 9 8 12 
0 . 0 0 0 8 4 1  
0 . 0 0 0 8 2 8  
0 . 9 9 8 15 
0 . 00 106 
0 . 0 0 0 8 2  
0 . 9 9 8 6 5  
0 . 00 3 8  
0 . 0 0 35 
0 . 9 9 8 4 4  
0 . 004295  
0 . 0 0 3 5  
0 . 9 9 8 5 8  
0 . 0 0539  
0 . 0 0 3 0 9  
0 . 9 9 8 9 2  

0 . 0 0 3 0  
0 . 9 9 9 3 8  
0 . 0 2 2 1 0  
0 . 0 0 2 4 2  
0 .  9 9 9 7 7  
0 . 0 0 3 9 8  
0 . 00352  
0 . 9 9 8 4 7  
0 . 0 0 3 6 6  
0 . 00355  
0 . 9 9 8 4  
0 . 0 0 5 3 8  
0 . 0 0 3 2 7  
0 . 9 9 8 8 9  
0 . 0 0 3 5 4  
0 . 00370  
0 . 9 9 8 6 3  
0 . 0 0 7 8 2  
0 . 0 0 2 8 0  
0 . 9 9 9 2 8  
0 . 00359  
0 . 0 0 3 6 0  
0 . 99 8 35 
0 . 01535  
0 . 01238  
0 . 9 9 8 8  
0 . 01485  
0 . 01255 
0 . 9 9 8 7 5  

0 .  0 1 1 4 8  
0 . 9 9 8 95 
0 . 02145  
o .  01108  
0 .  9 9 9 12 

1 97 



1 98 Other Aqueous Solutions 

COMPONENTS : ORIGINAL HEASUREMENTS :  

1 .  Methane ; CH 4 ;  [ 7 4- 82-8 ]  McKetta , J .  J . ; Katz , D .  L .  

2 .  Butane ; C 4H 1 o i  [ 1 0 6-97-8 ]  Ind . Eng . Chern.  

1948 , 4 0 , 853-862 . 3 .  Water ; H 2 0 ;  [ 77 32-18-5 ]  

EXPERIMENTAL VALUES : 

377 . 6  
( 22 0 )  

4 10 . 9  
( 2 8 0 )  

P/MPa 
(P/psi )  

3 . 45 
( 500 )  

2 . 3 3 
( 3 3 8 )  

10 . 4 8 
( 1520 ) 

10 . 07 
( 1 4 60 )  

4 . 4 9 
( 6 51 )  

2 . 08 
( 301 )  

10 . 3 4 
( 1499 )  

4 . 5 9 
( 66 5 )  

6 . 17 
( 8 9 5 )  

4 . 9 6 
( 7 2 0 )  

3 . 4 5 
( 5 0 0 )  

6 . 5 4 
( 9 4 8 )  

5 . 55 
( 8 0 5 )  

4 . 19 
( 6 0 8 )  

Experimental data i n  the three-phase region . 

v 
Lh 
Lw 
v 
Lh 
Lw 
v 
L h  
Lw 
v 
L h  
L w  
v 
Lh 
Lw 
v 
L h  
Lw 
v 
Lh 
Lw 
v 
L h  
Lw 
v 
Lh 
Lw 
v 
Lh 
Lw 
v 
Lh 
Lw 
v 
Lh 
Lw 
v 
Lh 
Lw 
v 
Lh 
Lw 

0 . 42 6 8  
0 . 0775 
0 . 00027 
0 . 2380 
0 . 0267  
0 . 000185 
0 . 52 45  
0 . 4545  
0 . 001304 
0 . 5550  
0 . 4 105 
0 . 00117 
0 . 5335  
0 . 12 6 4  
0 . 00052 
0 . 1618 
0 . 01555  
0 . 00005 
0 . 5350  
0 . 4360  
0 . 001258 
0 . 2220  
0 . 0906 
0 . 000286 
0 . 2 406  
0 . 16 80  
0 . 000455  
0 . 2 358  
0 . 1067  
0 . 000375 
0 . 0836  
0 . 0053  
0 . 00006 
0 . 2 3 4 8  
0 . 1880 
0 . 00055 
0 . 2 4 2 8  
0 . 1378 
0 . 00046  
0 . 1977  
0 . 0624  
0 . 00006 

Mole fractionb 

0 . 5 732 
0 . 9225 
0 . 000266  
0 . 7620  
0 . 97 3 3  
0 . 000175 
0 . 4755 
0 . 5455 
0 . 000098 
0 . 4450  
0 . 5895  
0 . 000137 
0 . 46 6 5  
0 . 8736  
0 . 00019 
0 . 8382  
0 . 9 8 4 5  
0 . 000286  
0 . 4650  
0 . 5640  
0 . 000 1305 
0 . 7780 
0 . 9094  
0 . 00037 
0 . 7594  
0 . 8320  
0 . 000405  
0 . 7642 
0 . 8933  
0 . 000325 
0 . 9164  
0 . 9947  
0 . 00043  
0 . 7652  
0 . 8120 
0 .  00037 
0 . 7572 
0 . 8622  
0 . 00033 
0 . 8023 
0 . 9 376 
0 . 00052 

( cont . )  

0 . 0324  
0 . 0098 
0 . 99946  
0 . 04 3 6 5  
0 . 00882 
0 . 99 9 6 4  
0 . 01298 
0 . 012 8 8  
0 . 9986  
0 . 0136 
0 . 01172 
0 . 9 987 
0 . 0287  
0 . 102 
0 . 99929  
0 . 0 494  
0 . 0088  
0 . 99966  
0 . 01348  
0 . 01276 
0 . 99861  
0 . 0606 
0 . 0341 
0 . 999344  
0 . 0 4 85  
0 . 0 4285  
0 . 99914 
0 . 05725 
0 . 03705 
0 . 99930 
0 .  0718 
0 . 02 7 4  
0 . 99951  
0 . 0 439 
0 . 0456  
0 . 99908  
0 . 0536  
0 . 03 815 
0 . 99921 
0 . 066  
0 . 0318 
0 . 99942  

a 
V - vapor; Lh - liquid (hydrocarbon-rich) ; Lw - liquid 
(water-rich) • 

b In V and Lh phases the mole fraction of methane and 
butane are given on the dry basis . 



Other Aqueous Sol utions 

COMPONENTS : 

1 .  Methan e ;  CH � ;  [ 7 4-82 - 8 ]  

2 .  Butane ; C �H 1 0 ; [ 106-97-8 ] 

3 .  vlater ; H 2 0 ;  [ 7 732-18-5]  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

McKetta , J .  J . l Katz , D .  L .  

Ind .  Eng . Chern.  

1948 , 4 0 , 8 5 3-8 62 . 

Experimental data in the two-phase region . 

310 . 9  
( 10 0 )  

3 4 4 . 3  
( 1 6 0 )  

3 7 7 . 6  
( 2 20 )  

4 10 . 9  
( 2 8 0 )  

P/MPa 
(P/psi )  

2 4 . 2 7 
( 35 2 0 )  
2 0 . 6 6 
( 2 9 9 6 )  
13 . 7 8 
( 1 9 9 8 )  
2 0 . 6 6 
( 2 9 9 6 )  
2 0 . 81 
( 30 1 8 )  
14 . 12 
( 2 0 4 8 )  
2 0 . 33 
( 2 9 4 8 )  
13. 71  
( 19 8 8 )  
2 0 . 6 7 
( 2 9 9 8 )  
1 3 . 72  
( 19 9 0 )  
2 0 . 6 7 
( 2 9 9 8 )  
1 3 . 78  
( 19 9 9 )  
2 0 . 6 6 
( 2 99 6 )  
2 0 . 6 7  
( 2 9 9 8 )  
13 . 7 8 
( 19 9 9 )  
2 0 . 6 7 
( 2 9 9 8 )  

Fh 
Lw 
Fh 
Lw 
Fh 
Lw 
Fh 
Lw 
Fh 

Fh 
Lw 
Fh 
Lw 
Fh 
LW 
Fh 
Lw 
Fh 
Lw 
Fh 
LW 
Fh 
Lw 
Fh 
Lw 
Fh 
Lw 
Fh 
Lw 
Fh 
Lw 

c Fh - fluid phase . 

0 . 7 3 6 0  
0 . 0 0259  
0 . 7 325  
0 . 0 02 4 14 
0 . 7 310 
0 . 0 1 8 6 8  
0 . 0 8 9 6  
0 . 0 0 0 8 1  
0 . 6 30 0  

0 . 6 30 2  
0 . 001682  
0 . 795  
0 . 0 0 2 15 8  
0 . 7 9 9 6  
0 . 0 0 17 2 4  
0 . 19 0 5  
0 . 0 0 1 32 
0 . 18 7 4  
0 . 0 0 1 0 7  
0 . 4 9 15 
0 . 0 0 2 0 8  
0 . 4 9 4 5  
0 . 0 0 158 
0 . 0 9 0 8  
0 . 0 0 0 7 3  
0 . 2190  
0 . 00157  
0 . 2 190 
o.  00113  
0 . 0 7 6 5  
0 . 0 0 0 6 1  

Mole fractiond 

XC � H 1 o XH2 0 

0 . 2 6 4 0  0 . 0 0 0 6 5 6  
o .  0 0 0 1 1  0 . 9 9 7 3  
0 . 26 7 5  0 . 00 0 6 5  
0 . 0 0 0 0 8 6  0 . 9 9 7 5  
0 . 2 6 9 0  0 . 0 0 0 8 0 4  
0 . 0 00 0 32 0 . 99 8 1  
0 . 9104  0 . 0 0 0 6 3 9  
0 . 00169  0 . 9 9 7 5  
0 . 3 7 0 0  0 . 0 0 2 7 4  

0 . 3 6 9 8  o .  0 0 3 2 8  
0 . 0 0 0 0 6 8  0 . 9 9 8 2 5  
0 . 2 0 0 5  0 . 0 0 2 7 0  
0 . 0 0 0 0 6 2  0 .  9 9 7 7 8  
0 . 2 0 0 4  0 . 00339  
0 . 0 0 0 0 2 6  0 . 9 9 8 25 
0 . 8095  0 . 00254  
0 . 0 0 0 9  0 .  9 9 7 7 8  
0 . 8126  0 . 0 0 3 16 
0 . 0 0 0 6 8  0 . 9 9 8 2 5  
0 . 50 8 5  0 . 0 07 9 5  
0 . 0 0 0 2 4  0 . 9 9 7 6 8  
0 . 5055  0 . 01056  
0 . 0 0 1 5 8  0 . 99825  
0 . 90 9 2  0 .  0 0 7 18 
0 . 0 0 1 7 3  0 . 9 9 7 5 4  
0 . 7810  0 . 0193  
0 . 0 0 0 8 3  0 . 9 9 7 6  
0 . 7 8 1 0  0 . 0253  
0 . 0 0 0 6 3  0 . 9 9 8 2 4  
0 . 92 3 5  o .  0177  
0 . 0 0 1 8 4  0 . 99755  

d In the fluid phase the mole fraction of methane 
and butane are given on the dry basis . 
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200 Other Aqueous Solutions 

COHPONENTS : 

( 1 )  Methane ; CH4 ; [ 74-82-8 ]  

( 2 )  Carbon dioxide ; co2 ; [ 124-38- 9 ]  
( 3 )  Hydrogen sulfide ; H2S ; 

[ 77 8 3-06-4 ] 

ORIGINAL MEASUREMENTS : 

Froning , H .  R . ; Jacoby , 
Richards ,  W .  L .  

P:rooa • •  Ann. Conv • •  Nat .  
A s s n .  Am. , Teah.  Papers 
32-9 . 

R .  H . ; 

Gaso Zine 
1 9 6 3, 42, 

( 4 )  Water ;  H2o ;  [ 7 732-18-5 ]  
Chern . A b s t:ro.  1 9 6 3, 5 9, 1 0 812 c .  

EXPERIMENTAL VALUES : 

Temperature Total 
Pressure 

Vapor Composition 

CH4 
T/K p/psia p/MPa y 1 

8 5  3 02 . 6  

1 0 0  310 . 9  

115 319 . 3  

6 0  
2 5 2  
2 5 6  
2 5 6  

1 0 0 2  
1 0 0 3  
1 0 0 6  
1 0 0 8  

15 . 2  
1 7 . 3  
6 3  

2 5 1  
2 5 2  
2 5 6  
2 5 8  
2 5 8  
2 6 3  
2 6 8  

991  
9 9 4  

1 0 0 2  
1 0 0 5  
1 0 0 6  
1 0 0 6  
1 0 1 1  
1 0 1 2  
1 0 1 4  
1 0 1 5  

6 4  
2 5 4  
2 5 6  
2 5 7  
9 8 9  
9 9 4  
9 9 9  

1012 
1014  

0 . 41 0 . 6 0 2 6  0 . 192 8 0 . 1945  
1 . 74 
1 . 79 
1 . 79 

6 . 91 
6 . 92 
6 . 94 
6 . 95 

o . o  
0 . 6 1 4 5  
0 . 6 3 4 0  

0 . 9 4 35 
0 . 6 3 2 4  
0 . 9 4 8 9  
0 . 5 9 8 5  

0 . 105  0 . 6 3 4 0  
0 . 119  o . o  
0 . 4 3  0 . 6 1 8 3  

1 . 73 0 . 6158  
1 . 74 o . o  
1 . 77 o . o  
1 . 78 0 . 5 9 7 9  
1 . 78 0 . 6130  
1 . 81 0 . 6 3 9 2  
1 . 8 5 0 . 6171 

6 . 8 3 0 . 8 4 2 1  
6 . 85 0 . 9 3 8 1  
6 . 91 0 . 9 3 3 0  
6 . 9 3 0 . 6 0 9 3  
6 . 94 0 . 5 9 9 9  
6 . 94 0 . 9 4 8 2  
6 . 97 0 . 5922  
6 . 9 8 0 . 6103  
6 . 9 9 0 . 9 4 8 2  
7 . 0 0 0 . 8 2 8 4  

0 . 4 4 
1 .  75  
1 .  7 7  
1 . 77 
6 . 82 
6 . 85 
6 . 8 9 
6 . 98 
6 . 9 9 

0 . 6 0 4 7  
o . o  
0 . 6 3 8 4  
0 . 6 8 2 0  
o .  94  7 7  
0 . 8 6 0 5  
0 . 6152  
0 . 6 0 9 2  
0 . 5 9 8 7  

0 . 5320  
0 . 1058  
0 . 1 7 9 3  

0 . 4 6 5 6  
0 . 2 77 4  
0 . 1 8 4 4  

0 . 014 98  0 . 0 4 0 8 8  
0 . 0 8 5 9 5  0 . 2 8 1 0  
0 . 0 2 5 3 8  0 . 0 2 5 0 8  
0 . 1 9 8 4  0 . 2 0 2 5  

0 . 1 9 2 6  
0 . 4 6 5 8  
0 . 2 7 2 5  

0 . 1974  
0 . 5 3 3 1  
0 . 2 9 9 4  
0 . 05191 
0 . 0 9 2 8 6  
0 . 0 4 3 7 4  
0 . 0 8 2 2 1  

0 . 0 8 5 8 2  
0 . 01539  
0 . 05185  
0 . 0 4 4 8 6  
0 . 1 8 9 4  
0 . 0 2 6 0 8  
0 . 3 0 75 
0 . 0 8 7 4 2  
0 . 0 0 8 7 9  
0 . 0 5 4 6 1  

0 . 11 0 9  
0 . 4 7 9 4  
0 . 0 9 4 0 6  

0 . 1 8 31 
0 . 4 6 3 2  
0 . 6 9 6 9  
0 . 3 4 6 5  
0 . 2 9 0 4  
0 . 3135 
0 . 2 971  

o .  07113  
0 . 0 4 5 4 6  
0 . 014 0 9  
0 . 3 4 4 9  
0 . 2 0 9 7  
0 . 0 2 4 7 8  
0 . 0 9 9 3 1  
0 . 3013  
0 . 0 4 0 2 6  
0 . 1161  

0 . 1 9 3 9  0 . 1 7 8 4  
0 . 5162  0 . 4 7 8 0  
0 . 09117  0 . 2 6 4 7  
0 . 1751 0 . 1372  
0 . 01508  
0 . 0 6 8 2 0  
0 . 0 8 5 6 7  
0 . 1 8 9 5  
0 . 0 4 5 0 4  

0 . 03575  
0 . 0 6 9 8 0  
0 . 2 9 7 7  
0 . 1 9 9 7  
0 . 3548  

Liquid Composition 

0 . 55 
o . o  
2 . 41 
2 . 4 8  

12 . 6 3 
9 . 4 3 

1 2 . 5 1  
8 . 36 

0 . 13 
o . o  
0 . 5 8 

2 . 15 
o . o  
o . o  
2 . 13 
2 . 25 
2 . 4 0 
2 . 2 0  

9 . 9 0 
12 . 8 3 
1 0 . 92  

8 . 04 
7 . 6 8 

11 . 74 
7 . 2 3 
7 . 91 

11 . 9 8 
10 . 22 

0 . 4 5 
o . o 
2 . 09 
2 . 2 0 

10 . 3 4 
9 . 42 
7 . 22 
6 . 8 8 
7 . 0 6 

0 . 4 0 6  1 . 2 2 1  
4 . 6 9 0  11 . 54 
0 . 9 6 0  7 . 4 4 8  
1 . 5 7 0  4 . 8 7 8  

0 . 4 1 6  3 . 0 6 8  
2 . 2 7 5  19 . 9 9 
0 . 6 8 9  1 . 819 
5 . 035  13 . 77 

0 . 0 7 4  
0 . 2 5 2  
0 . 55 3  

1 . 4 7 3  
3 . 7 8 7  
2 . 21 5  
0 . 4 0 8  
0 . 732  
0 . 3 9 3  
0 . 7 32 

1 .  9 3 5  
0 . 3 9 5  
1 .  3 0 0  
1 .  0 4 8  
4 . 2 0 5  
0 . 615  
6 .  471  
1 .  9 4 7  
0 . 22 9  
1 .  2 7 4  

0 . 3 0 4  
3 . 11 9  
0 . 58 9  
1 . 1 0 3  
0 . 2 9 4  
1 . 54 4  
1 .  6 3 8  
3 . 613  
0 . 8 6 1  

0 . 119 
0 . 6 3 5  
0 . 5 5 5  

4 . 13 8  
1 0 . 0 9  
15 . 4 8 

7 . 72 7  
7 . 2 6 5  
8 . 2 7 6  
7 . 6 6 2  

4 . 85 2  
3 . 14 0  
1 .  0 6 0  

2 1 . 1 8 1  
12 . 6 6 3  

1 .  6 9 6  
6 . 32 7  

1 8 . 4 75 
3 . 079  
7 . 5 0 6  

0 . 8 9 5  
9 . 0 3 7  
5 . 34 0  
2 .  719  
2 . 2 0 9  
4 . 05 7  

1 6 . 6 8 
11 . 02 
18 . 74  

The compositions are mole fraction . The water mole fraction in each phase 
can be obtained by difference.  

The paper also gave values of the equilibrium ratio , K = Y ·l�i ' for each 
gas at each temperature and pressure of measurment , and values of the 
total acid gas in the gas phase , AG = y 2 + y 3 , and the gas phase ratio , 
R = Y 3/ (y 2 + Y 3 l · 

The equilibrium ratios for each gas were correlated by equations which 
were a function of t/ ° F , p/psia, AG , and R. The equations are given on the 
following page . 
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( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  
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Proa . ,  Ann . Conv . , Nat .  
Assn.  Am. , Te ah.  Papers 
32-9 . 

Gaso Z ine 
1 9 6 3, 4 2 ,  

Chern . Abs tr.  1 9 6 3 ,  5 9 ,  1 0 812 c .  

PREPARED BY : 

H .  L .  Clever 

The data were correlated to obtain the following equations for the 
equilibrium ratios as functions of t/ ° F ,  p t/psia,  AG , and R. AG and R 
were defined on the previous page . 

KCH = y 1/x 1 = 3 0 6 , 0 0 0/ (p t/psia) + 2 . 19 ( t/ ° F }  + 3910 ( t/° F } / (p t/psia} 
4 

-14 5 . 0  AG - 121 . 6  R 

Kc02 
= y 2!x2 = - 3500/ (p t/psia)  + O . l2 ( t/ ° F }  + 3 60 . 0 ( t/ ° F } / (p t;psia} 

+ 8 . 30 AG - 5825  R/ (p t/psia}  

KH2S = y 3/x3 = 4 . 5 3 - 10 87/ (p t/psia)  + 110 . 4 ( t/ ° F } / (p t/psia)  + 4 . 6 5 AG 

The authors calculate equilibrium ratios , K , for the gas + water systems . 
To obtain the values the following AG and R values are used.  

Methane + water AG infinitesimal , R = 0 . 5  

carbon dioxide AG = 1 ,  R = 0 
+ Water 
Hydrogen sulfide AG = 1 
+ Water 
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The obj ective of the study was to evaluate composition effects on K val
ues . For methane the prescence of the acid gases increases the methane 
solubility in water.  At 1000  psia K decreases  6 % as AG increases from 2 . 5  
to 4 0  % and decreases 9 % as R changes from 0 . 2  to 0 . 8 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Equilibrium was attained in a 6 . 6  
liter stainless steel bomb equiped 
with ports to sample both the gas 
and liquid phases . 

The systems was evacuated ,  1 . 6 
liters of distilled water was drawn 
in . The gases were added in the 
order hydrogen sulfide , carbon di
oxide and methane . Each gas was add
ed to a predetermined pres sure to 
obatin the desired concentration . 

The bomb was gently rocked at 7 
oscillations per minute in a therm
ostated bath . Equilibrium was attai
ned in about 30 minutes ,  the usual 
mixing time was 60 minutes .  

Both vapor and liquid phases  were 
sampled. The vapor phase was analy
zed on a dry basis by mass spectrom 
etry . The liquid phase was extracte 
and analyzed by mass spectrometry . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Described as "pure 

grade " .  

( 2 )  Carbon dioxide . Described as 
"bone dry " . 

( 3 )  Hydrogen sulfide . Described as 
"purified' • 

( 4 }  Water .  Distilled . 

ESTIMATED ERROR: 

o t/ ° F = ± 0 . 1  
The correlating equations reproduce 
the data within ± 4 percent . 

REFERENCES : 
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COHPONENTS : 

( 1 )  Methane 1 CH4 1 [ 7 4- 82-8 ]  

( 2 )  Alkanes 

CRITI CAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 30322  USA 

1984 , January 

The Solubility of Methane in Alkanes at Partial 

Pressures up to 2 0 0  kPa (ca . 2 atm) . 

I .  The solubility of methane in normal alkanes . 

The two methods most commonly used to determine the solubility of 
methane in alkanes are volumetric methods used at a total pressure of about 
one atmosphere and gas liquid chromatography methods in which retention 
times or volumes are measured when the solvent is the stationary phase . 
Also used was a gas pressure change method at very low methane partial 
pressure and a gas stripping method with the GLC used as a detector . 

With two exceptions the volumetric methods used s ince 1 9 6 0  give con
sistent results which appear to be reliable within several percent . The 
GLC methods used since 1 9 7 4  also appear to give reliable results . Earlier 
work by both methods gave solubility values that appear to be too small 
sometimes by as much as 40 percent . 

The volumetric methods used cover a variety of degassing and equili
bration techniques .  The solubility values from the early work o f  McDaniel 
(ref . 1) are consistently too small . This may be because of poor equili

bration in the hand shaken apparatus or incomplete degas sing of the 
solvent . 

Guerry (ref . 2 )  used a modi fied van Slyke method . The small solvent 
volumes and large solvent vapor pressure gave problems which resulted in 
too small solubility values . Tilquin e t  a Z .  (re f .  5) measured pressure 
changes at low methane partial pressures when degassed solvent and gas 
were contacted . When the methane solubility is calculated for 101 . 325 kPa 
partial pressure , the value appears to be too small for the normal alkane 
and too large for the branched alkane . It is possible that Henry ' s  Law 
is not obeyed between the low partial pressure of the measurement and 
atmospheric pressure , but Henry ' s  law i s  supported by the GLC results on 
solvents of higher carbon number . The results of Makranczy e t  a Z .  
(ref . 1 1 )  are o ften too large . Their volumetric technique appears t o  have 

problems when solvents of relatively large vapor pressure are studied .  
Both Lannung and Gjaldbaek (ref . 3 )  and Wilcock e t  a Z .  (ref � 1 2 )  usually 
report reliable solubility values . However , both find a smaller tempera
ture coefficient of solubility and enthalpy of solution for methane in 
hexane and octane than do most other workers which casts some doubts on 
their results for these systems . The other solubility values by volumetric 
methods (re f .  7 ,  9 ,  10 , and 1 3 )  appear to show a consistent and reliable 
pattern of results . 

The GLC retention time studies o f  Ng e t  a Z .  (re f .  6 )  and Lenoir e t  a Z .  
(ref . 8 )  give methane solubility values that appear to b e  too small .  The 
results obtained by Lin and Parcher (ref . 1 5 )  from GLC retention volume 
studies and by Richon and Renon (re f .  1 4 )  by gas stripping and GLC 
detector method appear to give reasonable methane solubi lity values . 

The mole fraction solubility values at 2 9 8 . 15 K and 101 . 32 5  kPa 
methane pressure are given as a function of normal alkane carbon number in 
Fig . 1 .  Although the values show considerable scatter,  we believe that 
there are enough reliable values measured by traditional volumetric methods 
near atmospheric pressure to allow a reliable line to be placed through 
the data . Octadecane melts at 3 0 1 . 33 K ,  thus the normal alkanes of c18 and 

larger melt at temperatures greater than 2 9 8 . 15 K .  The solubility values 
of methane in hydrocarbons of carbon number 18 and greater are for a 
hypothetical liquid hydrocarbon.  The values were estimated from solubi lity 
data at higher temperatures by assuming ln �1 vs 1/ ( T/K) is linear . The 
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Figure 1 .  The mole fraction solubility of methane 
at 2 9 8 . 15 K and 0 . 1013 MPa partial pres
sure in the normal alkanes . 

The c18 and above hydrocarbons are solids 
at 2 9 8 . 15 K. The solubility values are 
extrapolated from experimental values in 
the liquid state at higher temperatures . 

The numbers refer to the references at the 
end of the evaluation . 
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solubility of Ti lquin et a Z .  ( ref . 5) in hexane was adj usted as suming 
Henry ' s  law and an average enthalpy of solution to estimate a 2 9 8  K value 
from the experimental value at 2 8 8  K .  

The line drawn i n  Fig . 1 must b e  cons idered as only a n  approximation 
as to how the methane mole fraction solubility at 2 9 8 . 1 5 K and 101 . 3 25 kPa 
methane pres sure changes with carbon number . The steady increase in 
solubility as the carbon number increases seems reasonable . The mole 
fraction solubility does increase more rapidly with carbon number than 
does the contact surface of the hydrocarbon . 

The partial molal enthal�y of solution of methane in normal alkanes 
averages (-4 . 1  ± 0 . 5 ) kJ mol- at 2 9 8 . 1 5 K for hydrocarbons c6 through c20 • 
The enthalpy values in heptane and hexadecane indicate the methane solu
bility values in these solvents are not quite consistent with the data on 
the other systems . 

The work of Cukor and Prausnitz (re f .  9 )  and Chappelow and Prausnitz 
(re f .  10 ) indicate the enthalpy of solution decreases in magnitude as the 
temperature increases . Values of the partial molal enthalpies of solution 
of methane in normal alkanes from a three constant equation fitted to the 
data are about 

T/K 

�Hi_lkJ mol- 1 

29 8 

-4 . 1  

323 

-3 . 1  

373  

- 2 . 2  

4 7 3  

-0 . 4  

The individual systems are discussed in more detail below . 

Methane + Pentane ; c5H12 ; [ 10 9 - 6 6 - 0 ]  

The mole fraction solubility of 6 . 0 2 x 10- 3 a t  29 8 . 1 5 K and 101 . 3 2 
101 . 325 kPa methane pres sure o f  Makranczy e t  a Z .  (ref . 11)  is the only 
experimental value for the system. Although it is classed as tentative , 
we believe it may be as much as 15-20 percent too large . 

Methane + Hexane ; c 6H14 ; [110- 54-3 ] 

The solubility of methane in hexane is reported from six labora
tories . The early work of McDaniel (re f .  1) and Guerry (re f .  2 )  is  
rej ected . Their solubility values at temperatures between 2 9 3  and 333  K 
are much too small .  The single value of Tilquin e t  a Z .  (ref . 5 )  at 
2 8 8 . 15 is also rej ected , however , it may have some validity as a dis
tribution coefficient at small methane partial pressures . The single 
value of Makranczy et a Z .  ( re f .  11)  at 2 9 8 . 15 K is classed as doubtful . 
It  may be 15-20 percent too large . 

The values of Lunnung and Gjaldbaek ( re f .  3) at 2 9 1 . 15 ,  2 9 8 . 15 ,  and 
3 1 0 . 15 K and of Hayduk and Buckley (re f .  7 )  over the 273 . 15 to 323 . 15 K 
interval are clas sed as tentative . There is an inconsistency in the two 
data sets in that the Lannung and Gjaldbaek data gives an enthalpy of 
solution of -2 . 1  kJ mol- 1 whi le the Hayduk and Buckley data gives a value 
of -4 . 7  kJ mol- 1 • The Lannung , Gj aldbaek data extends over a much shorter 
temperature interval . The two studies appear internally cons istent . 
Although the temperature coefficients of solubility differences casts 
some doubts on the results , the mole fraction solubi lity values from the 
two papers were combined in a linear regression to obtain the tentative 
equation for the mole fraction solubility over the 2 73 . 15 to 3 2 3 . 15 K 
interva l .  

l n  z1 = -6 . 9 2 4 9 6  + 4 . 8 5 4 0 2/ ( T/100 K )  

With a standard error about the regression line o f  1 . 60 x 10- 4 • From the 
equation , the temperature independent thermodynamic quantities are 

kJ mol-1 = - 4 . 0 4 and �so; J K- 1  mol- 1 = -5 7 . 6  1 
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Smoothed values of the mole fraction solubility and partial molar Gibbs 
energy of solution are in Table 1 .  
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Table 1 .  Solubility o f  methane i n  hexane a t  a methane partial pressure of 
101 . 325  kPa (1 atm) , Tentative mole fraction solubility and 
partial molal Gibbs energy of solution as a function of 
temperature . 

T/K 

2 7 3 . 15 
2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

30 3 . 15 
313 . 15 
323 . 15 

Mol Fraction 

5 . 8 1 
5 . 4 6 
5 . 15 

5 . 01 

4 . 8 7  
4 . 6 3 
4 . 41 

Methane + Heptane ; c7H16 ; [142-82-5 ]  

11 . 69 1  
12 . 2 6 7  
12 . 8 4 3  

1 3 . 131 

1 3 . 418  
13 . 9 94  
14 . 570  

McDaniel ( ref . 1 )  reports the solubility of methane in heptane at 
2 95 . 35 ,  3 0 3 . 25 ,  and 3 1 3 . 15 K ,  Guerry (ref . 2 )  at 29 3 . 15 and 2 9 8 . 15 K,  
Hayduk and Buckley ( re f .  7 )  at  29 8 . 15 ,  3 2 3 . 15 and 3 4 8 . 15 K,  and Makranczy 
e t  a Z .  ( ref . 11) at 2 9 8 . 15 K. Again the McDaniel and the Guerry data are 
rej ected as too small .  The other data are clas sed as tentative , but the 
data of Hayduk and Buckley are preferred . 

The tentative data below are based entirely on the three measurements 
of Hayduk and Buckley . The mole fraction solubility values were fitted 
by a linear regres sion to obtain the tentative equation for the 2 9 8 . 15 to 
3 4 8 . 15 K temperature interval 

ln x1 = - 7 . 2 8 4 4 6  + 5 . 95159/ ( T/100 K)  

with standard error about the regression line of 2 . 18 x 10 - 5 • From the 
equation the temperature independent thermodynamic changes are 

Smoothed values of the mole fraction solubility and partial molar Gibbs 
energy of solution are in Table 2 .  
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Table 2 .  Solubility of methane in heptane at a partial pressure of 
1 0 1 . 325  kPa ( 1  atm) methane . Tentative mole fraction 
solubility and partial molal Gibbs energy as a function 
of temperature . 

T/K 

2 9 8 . 15 

3 03 . 15 
313 . 15 
3 2 3 . 15 
3 33 . 15 
3 4 3 . 15 

Mol Fraction 

10 3x 1 

5 . 0 5 

4 . 89 
4 . 59  
4 . 3 3 
4 . 0 9 
3 . 8 9 

Methane + Octane ; c8H18 ; [ 111-65- 9 ]  

1 3 . 10 9  

1 3 . 4 12 
14 . 017 
14 . 6 2 3  
1 5 . 229  
15 . 835  

Hayduk and Buckley (ref . 7 )  report the solubility of methane in 
octane at four temperatures between 273 . 15 and 3 4 8 . 15 K, Makranczy e t  a t .  
(ref . 1 1 )  report one solubility value at 2 9 8 . 15 K and Wilcock e t  a t .  
(re f .  1 2 )  report values 29 8 . 15 and 313 . 3 5 K .  All are classed as tenta
tive but the data from (ref . 7 and 12 ) are preferred. 

The temperature coefficients of solubility differ in the two studies . 
Wilcock e t  a t .  data are consistent with an enthalpy of solution of 
- 2 . 97 kJ mol- 1 and the Hayduk and Buckley a value of - 4 . 16 kJ mol- 1 •  The 
Wilcock e t  a t .  enthalpy is based on only two experimental points 
15 degrees apart and thus subj ect to some error . 

The six experimental values from Hayduk and Buckley and from Wilcock 
e t  a t .  were combined in a linear regression to obtain the tentative 
equation 

ln x1 = - 6 . 9 4 9 6 1  + 4 . 9 5 9 0 3/ ( T/100 K)  

with a s tandard error around the regression line of 5 . 37 x 10- 5 • The 
temperature independent thermodynamic changes from the equation are 

�H]/kJ mol- 1 = - 4 . 12 and 

Smoothed values of the mole fraction solubility and partial molar Gibbs 
energy of solution are in Table 3 .  

Table 3 .  Solubility o f  methane in octane . Tentative values o f  the 
mole fraction solubility at 101 . 3 2 5  kPa ( 1  atm) partial 
pressure methane and partial molal Gibbs energy as a func
tion of temperature . 

T/K 

2 7 3 . 15 
2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

3 0 3 . 15 
313 . 15 
323 . 15 
3 3 3 . 15 
3 4 3 . 15 

Mol Fraction 

10 3x 1 

5 . 8 9 
5 . 53 
5 . 21 

5 . 0 6 

4 . 92 
4 . 67 
4 . 45 
4 . 2 5 
4 . 07 

�"Gi!kJ mol- 1 

11 . 6 6 0  
12 . 2 3 8  
12 . 815  

13 . 10 4  

13 . 3 9 3  
13 . 9 71 
14 . 549  
1 5 . 127  
15 . 70 5  
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Methane + Nonane ; c9H2 0 ; [111- 8 4 - 2 ]  

USA 

The mole fraction solubility of 5 . 5 7 x 10- 3 at 2 9 8 . 15 K and 
101 . 325  kPa methane pressure of Makranczy e t  a Z .  ( ref . 11 )  i s  the only 
experimental value reported for the system . Although it i s  classed as 
tentative , the evaluator believes it may be as much as 1 0  percent too 
large . 

Methane + Decane ; c10H2 2 ; [124-18- 5 ]  
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Makranczy e t  a Z .  ( ref . 11 )  report the solub ility of methane in decane 
at 2 9 8 . 15 K, Wilcock e t  a Z .  ( ref . 1 2 )  report the solubil ity at 2 8 2 . 80 and 
313 . 15 K .  Both sets of data are classed as tentative but the Wilcock 
et a Z .  data are preferred . 

The tentative values are based on the Wilcock e t  a Z .  data . The equa
tion for the mole fraction solubility between 2 8 2 . 8 0 and 313 . 15 K i s  

l n  x 1  = - 7 . 0050  + 5 . 2154/ ( T/10 0 K )  

and the corresponding temperature independent thermodynamic changes are 

and 

Tentative values of the mole fraction solubility and partial molal Gibbs 
energy are given in Table 4 .  

Table 4 .  The solubility of methane in decane . Tentative values of the 
mole fraction solubi lity at 101 . 325  kPa ( 1  atm) partial 
pressure methane and partial molal Gibbs energy of solution as 
a function of temperature . 

T/K 

2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

3 0 3 . 15 
3 1 3 . 15 

Mol Fraction 

5 .  7 2  
5 . 37 

5 . 22 

5 . 0 7 
4 . 8 0 

Methane + Undecane ; c11H2 4 ; [ 1120-21-4 ] 

12 . 135 
12 . 73 7  

13 . 0 2 9  

13 . 32 0  
13 . 9 0 2  

The mole fraction solubility of 5 . 46 x 10- 3 at 2 9 8 . 15 K and 1 0 1  
101 . 32 5  kPa (1  atm) methane pres sure of Makranczy e t  a Z .  ( re f .  1 1 )  is the 
only experimental value reported for the system . It is c lassed as 
... entative . 

M-H 
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Methane + Dodecane ; c12H26 ; [ 112-40- 3 ]  

Hayduk and Buckley (re f .  7 )  report four solubility values a t  tempera
tures between 2 7 3 . 15 and 348 . 15 K. Makranczy et a t .  (ref . 11 )  report one 
value at 2 9 8 . 15 K .  All of the data are classed as tentative . 

The data were fitted by a linear regression to obtain the equation 
for the 2 7 3 . 15 to 348 . 15 K temperature interval 

ln x1 = -6 . 7 6 819 + 4 . 6 3 4 37/ ( T/100 K )  

with a standard deviation about the regression line of 4 . 3  x 10- 5 • The 
temperature independent thermodynamic changes from the equation are 

and 

Smoothed values of the mole fraction solubility and partial molal Gibbs 
energy of solution are in Table 5 .  

Table 5 .  Solubility of methane in dodecane . Tentative values o f  the mole 
fraction solubility at 101 . 3 25 kPa ( 1  atm) methane partial 
pres sure and partial molal Gibbs energy of solution as a func
tion of temperature . 

T/K 

2 7 3 . 15 
2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

3 03 . 15 
313 . 15 
323 . 15 
333 . 15 
343 . 15 

Mol Fraction 

10 3x 1 

6 . 27 
5 . 91 
5 . 5 9 

5 . 44 

5 . 30 
5 . 05 
4 . 8 2  
4 . 6 2 
4 . 44 

Methane + Tridecane ; c1 3H28 ; [ 6 2 9 -50-5]  

l-1ethane + Tetradecane ; c14H3 0 ; [ 629-59-4 ] 

Methane + Pentadecane ; c15H 32 ; [ 6 29-62-9 ] 

11 . 518 
12 . 0 8 0  
12 . 6 4 3  

12 . 9 2 5  

13 . 2 0 6  
13 . 7 6 9  
14 . 3 3 1  
14 . 89 4  
15 . 4 57  

Only Makranczy e t  a t .  (ref . 11) have reported data on  these sys tems . 
They report the solubility at 2 9 8 . 15 K .  The mole fraction solubility at 
29 8 . 1 5 K and 101 . 3 2 5  kPa ( 1  atm) methane pres sure from their measurements 
is as follows : 

Tridecane 

Tetradecane 

Pentadecane 

The data are classed as tentative . 

5 . 3 9 X 10- 3 

5 . 4 0 X 10- 3 

5 . 3 5 X 10- 3 

Methane + Hexadecane ; c16H34 ; [ 5 44-76-3 ]  

Seven papers report solubility data on the CH4 + c16H34  system . The 

mole fraction solubility values at 2 98 . 15 K and 10 1 . 325  kPa methane pres
sure are 



Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COHPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

( 2 )  Alkanes 

CRITI CAL EVALUATION : 

6 . 0 2 X 1 0- 3 

5 . 8 4 1  X 10- 3  
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EVALUATOR : 

Hayduk , 

Richon , 

Rivas , 

Cukor , 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 9 8 4 , January 

Buckley (ref . 7 )  

Renon (ref . 1 4 )  

Prausnitz (ref . 1 3 )  

Prausnitz ( ref . 9 )  

Lin , Parcher ( ref . 1 5 )  

Makranczy e t  a Z .  ( re f .  1 1 )  

Lenoir e t  a Z .  (ref . B )  

The larger five values average a mole fraction solubility o f  5 . 8 1 x 10- 3 
with standard deviation 0 . 16 x 10- 3 • 
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The data of Hayduk and Buckley , Richon and Renon , Rivas and Prausnitz , 
and Lin and Parcher were combined in a linear regression to obtain the 
equation 

ln x1 = -10 . 6 8 2 3 1  + 9 . 9 1533/ ( T/10 0  K) + 2 . 0 2 0 5 1  ln ( T/100 K )  

for the 2 9 8 . 15 t o  4 7 3 . 15 K temperature interval . 

The equation gives the following thermodynamic changes for the 
solution proces s : 

T/K t.li]/kJ mol- 1  t.'S]/J K- 1  mol- 1 t.co /J r l  mol- 1 
p l 

2 9 8 . 15 -3 . 2 4  - 5 3 . 7  1 6 . 8  
3 2 3 . 15 - 2 . 8 2 - 5 2 . 3  1 6 . 8  
3 4 8 . 15 - 2 . 4 0 - 5 1 . 1  1 6 . 8  
3 7 3 . 15 -1 . 9 8 - 4 9 . 9  1 6 . 8  
39 8 . 15 -1 . 56 - 4 8 . 8  1 6 . 8  
4 23 . 15 -1 . 14 - 4 7 . 8  1 6 . 8  
4 4 8 . 15 -o . 1 2  - 4 6 . 8  1 6 . 8  
4 7 3 . 15 -0 . 30 - 4 5 . 9  1 6 . 8  

The smoothed mole fraction solubility and partial molar Gibbs energy 
values are in Table 6 .  

Table 6 .  Solubility of methane in hexadecane . Tentative values of the 
mole fraction solubility at 1 0 1 . 32 5  kPa ( 1  atm) methane partial 
pressure partial molal Gibbs energy of solution as a function 
of temperature . 

T/K Mol Fraction t.G]/kJ mol- 1 

10 3x 1 

2 9 8 . 15 5 . 8 0 1 2 . 7 6 5  
3 2 3 . 15 5 . 2 8 1 4 . 0 8 9  
3 4 8 . 15 4 . 9 2  1 5 . 38 1  
3 7 3 . 15 4 . 6 8 1 6 . 6 4 3  
3 9 8 . 15 4 . 52 1 7 . 8 7 7  
4 2 3 . 15 4 . 41 1 9 . 0 8 4  
4 4 8 . 15 4 . 34 2 0 . 26 7  
4 7 3 . 15 4 . 31 2 1 . 4 2 5  
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The smoothed solubility values differ only a few percent from the 
values of Cukor and Prausnitz and the enthalpies of solution are 3 . 5  to 
7 percent less negative than the Cukor and Prausnitz values up to 4 0 0  K .  
The pres ent evaluation does not show the change to a positive enthalpy of 
solution at 4 7 5  K. The Cukor and Prausnitz data are a good alternative 
to the tentative data presented here . 

Methane + Octadecane � c1 8H3 8 � [ 5 9 3-4 5- 3 ]  

Ng , Harris and Prausnitz ( ref . 6 )  used gas liquid chromatography 
retention times to estimate the solubility of methane in octadecane at 
six temperatures between 3 0 8 . 2  and 4 2 3 . 2  K .  Richon and Renon ( re f .  1 4 )  
report a mole fraction solubility value o f  5 . 0 7 9  x 1 0- 3 a t  3 2 3 . 15 K and 
101 . 32 5  kPa methane pressure . The Richon and Renon value is classed as 
tentative and the Ng et a Z .  data as doubtful . Unfortunately there i s  
some problem with the N g  e t  a Z .  experiment and their results for this 
system as well as the methane + eicosane and docosane systems appear to 
be too small mole fraction solubilities by 15 to 30 percent . 

Methane + Eicosane � c2 0H4 2 � [ 1 1 2-9 5-8 ]  

Both Ng e t  a Z .  ( re f .  6 )  and Chappelow and Prausnitz (re f . 10 ) report 
solubility data as a function of temperature . As discussed for the 
previous system the Ng e t  a Z .  data are doubtful . The Chappelow and 
Prausnitz data are classed as tentative . 

The Chappelow and Prausnitz data were treated by a linear regression 
to obtain the equation 

ln x1 = -11 . 6 5 1 3 7  + 11 . 0 1303/ ( T/100 K) + 2 . 4 1 8 4 2  ln ( T/100 K)  

with a standard error about the regression line of 9 . 1  x 10� for the 
3 2 3 . 15 to 4 73 . 15 K temperature interval . 

The equation gives the following thermodynamic changes for the 
solution process : 

T/K t.H1/kJ mol- 1  t.B1/J K- 1 mol- 1 t.co /J K- 1 
p l 

mol- 1 

29 8 . 15 - 3 . 9 la -5 4 . 8a 20 . 1a 
3 2 3 . 15 - 3 . 41 -5 3 . 2  20 . 1  
3 4 8 . 15 - 2 . 90 - 5 1 . 7  2 0 . 1  
3 7 3 . 15 -2 . 40 - 5 0 . 3  20 . 1  
3 9 8 . 15 -1 . 9 0  - 49 . 0  20 . 1  
4 2 3 . 15 -1 . 4 0 -4 7 . 8  2 0 . 1  
4 4 8 . 15 - 0 . 8 8 - 4 6 . 6  2 0 . 1  
4 73 . 15 -0 . 39 -4 5 . 5  20 . 1  

a Hypothetical l iquid state . Eicosane melts at 3 1 0 . 0  K .  

The smoothed mole fraction solubilities and partial molal Gibbs energy 
values are in Table 7 .  
Table 7 .  Solubility of methane in eicosane . Tentative mole fraction 

solubility at 10 1 . 32 5  kPa ( 1  atm) methane pressure and partial 
molal Gibbs energy of solution as a function of temperature . 

T/K Mol Fraction t."GJ!kJ mol- 1  

l 0 3x 1 

2 9 8 . 15 6 . 6 sa 1 2 . 4 2 9a 
3 2 3 . 15 5 . 9 3  1 3 . 7 7 8  
3 4 8 . 15 5 . 45 1 5 . 0 89 
3 7 3 . 15 5 . 12 16 . 3 6 3  
3 9 8 . 15 4 . 9 0 1 7 . 35 8  
4 23 . 15 4 . 76 1 8 . 8 1 3  
4 4 8 . 15 4 . 6 7 19 . 9 9 2 
4 7 3 . 15 4 . 63 2 1 . 14 3  

a For hypothetical liquid s tate . Eicosane melts at 310 . 0  K .  
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Methane + Docosane ; c2 2H4 6 ; [ 6 2 9 - 9 8 - 0 ]  

21 1 

USA 

The only data on this system i s  from the work of Ng e t  a l .  (ref . 6 )  
which appears to give mole fraction values 1 5  to 3 0  percent too small with 
the octadecane and eicosane systems discussed earlier . Although the data 
are doubtful , they are presented because they are the only data on the 
system . 

The data were fitted to a two constant equation by a linear regression 

ln x1 = -7 . 2 9 7 4 6  + 6 . 3 2 6 8 7/ (T/100  K) 

with a standard error about the regression line at 1 . 50 x 1 0- 4 • 

The corresponding temperature independent thermodynamic changes are 

and 

Smoothed values of the mole fraction solubility and partial molal Gibbs 
energy are given in Table 8 .  The values are probably 1 5  to 3 0  percent 
smaller than the true values . 

Table 8 .  The solubility of methane in docosane . Smoothed values of the 
mole fraction solubility at 1 0 1 . 3  kPa ( 1  atm) and partial molal 
Gibbs energy of solution as a function of temperature . 

T/K 

2 98 . 15 
3 2 3 . 15 
3 4 8 . 15 
3 7 3 . 15 
3 98 . 15 
4 23 . 15 
4 4 8 . 15 
4 73 . 15 

Mol Fraction 

5 . 6 5a 

4 . 8 0 
4 . 17 
3 . 6 9  
3 . 32 
3 . 02 
2 . 78 
2 . 58 

llGj/kJ mol- 1 

1 2 . 8 2 9a 
1 4 . 3 4 6  
1 5 . 86 3  
1 7 . 3 8 0  
1 8 . 8 9 7  
2 0 . 4 1 4  
2 1 . 9 3 0  
2 3 . 44 7  

a For hypothetical liquid state . Docosane melts at 3 17 . 6  K .  

Methane + Octacosane ; c2 8H5 8 ; [ 6 3 0 - 0 2- 4 ]  

Only Lin and Parcher (re f .  1 5 )  have reported solubility data o n  the 
system . They report three solubility values between 3 5 3 . 2  and 3 9 3 . 2  K by 
a GLC method . The three points were fitted to the two constant equation 
by linear regression 

ln x1 = - 6 . 0 6 0 0 4  + 3 . 5 5 0 25/ ( T/100  K)  

with a standard error about the regression line of 2 . 00 x 1 0- 5 • The 
equation gives the temperature independent thermodynamic changes 

and 

The smoothed values of the mole fraction solubility and partial molal 
Gibbs energy are given in Table 9 .  
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Table 9 .  Solubility of methane in octacosane . Tentative values of the 
mole fraction solubility at 101 . 32 5  kPa (1 atm) and partial 
molal Gibbs energy of solution as a function of temperature . 

T/K 

298 . 15 

353 . 15 
3 6 3 . 15 
3 73 . 15 
3 83 . 15 
393 . 15 

Mol Fraction 

6 . 3 8  
6 . 2 0 
6 . 04 
5 . 9 0 
5 . 76 

14 . 8 4 2  
15 . 3 4 6  
15 . 8 4 9  
1 6 . 3 5 3  
16 . 857  

a Extrapolated hypothetical liquid state . Octacosane melts at 3 37 . 7  K .  

Methane + Hexatriacontane ; c3 6H74 ; [ 630-06- 8 ]  

The system a t  temperatures between 3 53 , 2  and 4 13 . 2  K by a GLC method . 
The results are classed as tentative . The data of Lin and Parcher were 
treated by a linear regression to obtain the equation . 

ln x1 = -5 . 9 3 8 1 8  + 3 . 7 7 22 6/ ( T/100 K)  

with a standard error about the regression line of 5 . 5  x 10- 5 , The 
temperature independent thermodynamic changes are 

6H]/kJ mol- 1 = - 3 . 14 and 

Smoothed values of the mole fraction solubility and partial molal Gibbs 
energy of solution are in Table 1 0 .  

Table 10 . Solubility of methane in hexatriacontane . 
fraction solubility at 101 . 32 5  kPa (1 atm) 
pres sure and partial molal Gibbs energy of 
function of temperature . 

Tentative mole 
methane partial 
solution as a 

T/K Mol Fraction 6G]/kJ mol- 1 

2 9 8 . 15 

353 . 15 
36 3 . 15 
3 7 3 . 1 5 
38 3 . 15 
3 93 . 1 5 
4 03 . 15 
413 . 15 

7 . 6 7 
7 . 4 5 
7 . 2 5 
7 . 0 6 
6 . 8 8 
6 .  72  
6 . 5 7 

11 . 584  

14 . 2 9 9  
14 . 7 9 3  
15 . 28 7  
15 . 7 8 0  
1 6 . 2 7 4  
1 6 . 7 6 8  
17 . 202  

a Extrapolated hypothetical liquid state . Hexatriacontane melts at 34 9 .  

I I .  The solubility o f  methane in branched alkanes . 

The solubility of methane is reported for only four branched chain 
alkanes . All of the avai lable data are consistent with a larger solu
bi lity of methane in the branched chain alkane than in the linear alkane 
of the same number of carbon atoms . The data for the c6 and c16 branched 

hydrocarbon gives a branched/normal methane solubi lity ratio of greater 
than 2 while the c8 and c3 0  solubility branched/normal ratio is 1 . 06-1 . 12 .  

The smaller ratio appears to be more reasonable . 
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Methane + 2 , 2-Dirnethylbutane ; c6H14 ; [ 75-83- 2 ]  

Ti lquin e t  a Z . (re f .  5 )  report measurements a t  low methane partial 
pres sures from which we calculate a mole fraction solubility of 
12 . 7  x 10 - 3 at 1 0 1 , 325 kPa methane pressure at 2 8 8 . 15 K. The c 6 
branched/normal solubil ity ratio is 2 . 4 using the tentative hexane solu
bility value from this evaluation.  Since there is no other value to 
compare with the present value , it is classed as tentative , but we 
believe the value is probably too large and that it should be used with 
caution . 

Methane + 2 , 2 , 4 -Trimethylpentane ; c 8H18 ; [ 5 4 0-84-1 )  

Hiroka and Hildebrand report the solubility of methane at  four 
temperatures between 2 7 7 . 51 and 308 . 22 K. The data are classed as 
tentative . At 29 8 . 15 K the branched/normal solubility ratio is 1 . 06 .  

The solubility data were fitted by a linear regre ssion to the 
equation 

ln x1 = -7 . 2 9 4 0 5  + 6 . 1 4 129/ ( T/100 K )  

with a standard error about the regression line of 3 . 3  x 10- 5 • 

The temperature independent thermodynamic changes are 

and 

Table 1 1 .  Solubility of methane in 2 , 2 , 4-trimethylpentane . Tentative 
values o f  the mole fraction solubi lity at 101 . 325  kPa methane 
partial pressure and partial molal Gibbs energy of solution 
as a function of temperature . 

T/K 

2 8 3 . 15 
2 9 3 . 15 
29 8 . 15 
3 0 3 . 15 

Mol Fraction 

5 . 9 5 
5 . 5 2 
5 . 3 3 
5 . 1 5 

1 2 . 0 6 6  
1 2 . 6 7 2  
1 2 . 9 7 5  
13 . 27 8  

Methane + 2 , 2 , 4 , 4 , 6 , 8 , 8-Heptamethylnonane;  c16H3 4 ; [ 4 39 0 - 0 4 - 9 ]  

Richon and Renon (ref . 1 4 )  report measurements from which a mole 
fraction solubility of 3 0 . 5  x 10 - 3  at 1 0 1 . 325 kPa methane pressure at 
29 8 . 15 K can be calculated . The branched/normal c1 6  methane solubility 

ratio is 5 . 3 .  Since there i s  no other value with which to compare the 
solubi lity value it is clas sed as tentative . However , it  i s  suspected 
that the value is too large and it should be used with caution . 

Methane + 2 , 6 , 1 0 , 15 , 19 , 2 3-Hexamethyltetracosane ; c3 0H6 2 ; [ 111-01- 3 ]  

Chappelow and Prausnitz ( ref . 1 0 )  report eight solubility values 

2 1 3  

over the 300 to 4 7 5  K temperature interval for this system . Taking the 
linear c30 hydrocarbon solubility from Fig . 1 ,  th� branched/normal methane 

solubility ratio is 1 . 12 .  The data are classed as tentative . 
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The data were fitted to a three constant equation by a linear 
regres sion 

ln x1 = -10 . 3 2 638  + 10 . 4 20 5 6/ ( T/100 K )  + 1 . 9508  ln (T/100 K) 

The equation reproduces  the experimental data so closely that there is 
reason to believe the data are smoothed data rather than experimental 
points . 

The equation gives the following values of the thermodynamic 
functions : 

T/K L:.Hj/kJ mol- 1 !:.S]/J K- 1 mol- 1 �:.co /J 
p 1 K- 1 

298 . 15 -3 . 83 -51 . 9  16 . 2  
323 . 15 -3 . 42 -5 0 . 6  16 . 2  
348 . 15 -3 . 02 -4 9 . 4  16 . 2  
373 . 15 -2 . 6 1  -4 8 . 2  16 . 2  
398 . 15 -2 . 21 -4 7 . 2  1 6 . 2  
4 2 3 . 15 -1 . 80 -4 6 . 2  1 6 . 2  
4 4 8 . 15 -1 . 40 -4 5 . 3  1 6 . 2  
473 . 15 -0 . 99 -4 4 . 4  1 6 . 2  

mol- 1 

The smoothed mole fraction solubil ity and partial molal Gibbs energy of 
solution are in Table 12 . 

Table 12 . Solubility o f  methane in 2 , 6 , 10 , 15 , 19 , 23-Hexamethylnonane . 
Tentative values of the mole fraction solubility at 101 . 325 kPa 
methane pressure and the partial molal Gibbs energy of solution 
as a function of temperature . 

REFERENCES :  

T/K 

298 . 15 
3 23 . 15 
3 4 8 . 15  
373 . 15 
3 9 8 . 15 
4 23 . 15 
4 4 8 . 15 
473 . 15 

Mol Fraction 

9 . 09 
8 . 12  
7 . 45 
6 . 9 8  
6 . 65 
6 . 41 
6 . 25 
6 . 15 

1 .  McDaniel ,  A .  S .  J .  Phy s .  Chern . 1911 , 1 5 ,  58 7 .  

i:."G]/kJ mol- 1 

1 1 . 6 51  
12 . 933 
1 4 . 1 8 3  
15 . 40 4  
16 . 597  
17 . 7 6 6  
18 . 910 
2 0 . 031  

2 .  Guerry , D .  Jr . Ph . D .  Thesis , 1944 , Vanderbilt University , 
Nashville , TN . 

3 .  Lannung , A . : Gjaldbaek , J .  C .  A a ta Chern . Saand. 1960 , 1 4 ,  112 4 . 

4 .  Hiraoka , H . : Hildebrand , J .  H .  J. Phy s .  Chern . 19 6 4 ,  6 8 ,  213 . 

5 .  Tilquin , B . : Decanniere , L . : Fontaine , R . : Claes , P .  
Ann.  Boa .  Sa . Bruxe Z Z e s  (Belgium) 1967 , 8 1 , 191 .  

6 .  Ng , s . : Harris , H .  G . : Prausnitz , J .  M .  J .  Chern. Eng . La ta, 
196 9 ,  1 4 ,  4 8 2 .  

7 .  Hayduk , W d Buckley , w .  D .  Can .  J .  Chern . Eng . 19 71 , 49 ,  6 6 7 .  

8 .  Lenoir ,  J-Y • :  Renault , P . : Renon , H .  J .  Chern . Eng . La ta 1971 ,  
1 6 1  340 . 

9 .  Cukor , P .  M . : Prausnitz , J .  M .  J .  Phy s .  Chern. 1972 ,  7 6 ,  5 9 8 .  
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10 . Chappelow , c .  C . ; Prausnitz , J .  M .  Am . Ins t .  Chem . Engnrs . J .  
1 9 7 4 , 2 0 ,  1 0 9 7 . 

1 1 .  Makranczy , J . ; Megyery-Balog,  K . ; Rus z ,  L . ; Patyi , L .  
Hung . J .  Ind. Chem . 1 9 7 6 , 4 ,  2 6 9 . 

1 2 . Wilcock , R .  J . ; Battino , R . ; Danforth , w .  F . ;  Wilhelm, E .  
J .  Chem. Thermody n .  19 7 8 , 1 0 ,  8 1 7 .  

13 . Rivas , 0 .  R . ; Prausnitz , J .  M .  Ind .  Eng . Chem . .Fl.mdam . 
19 7 9 , 1 8 ,  2 8 9 . 

1 4 . Richon , D . ; Renon , H .  J .  Chem. Eng . Data 19 8 0 , 2 5 , 59 . 

1 5 . Lin , P .  J . ; Parcher , J .  F .  J. Chromatog . Sai . 1 9 8 2 , 2 0 ,  3 3 .  

The evaluation o f  the solubility o f  methane in hydrocarbons at high 
pressure is given in separate sections later in the volume . 

A useful paper to consult for additional information on methane + 
hydrocarbons systems is  

Legret , D . ; Richon , D . ; Renon , H.  Ftuid Phase  Equi t i b . 1 9 8 4 ,  1 7 ,  
3 2 3 -5 0 .  

2 1 5  
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

( 2 )  Pentane ; c5H1 2 ; [ 1 09 - 6 6- 0 ]  

Hexane ; c6H14 ; [ 1 1 0- 5 4 - 3 ]  

VARIABLES : 
T/K : 

p/kPa : 
2 9 8 . 15 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

ORIGINAL MEASUREMENTS : 
Makranczy , J . ; Megyery-Balog , K . ; 
Rusz , L . ; Patyi , L .  

Hung . J .  Ind .  Chern . 1 9 7 6 , 4 ,  
2 6 9  - 2 8 0 .  

PREPARED BY : 

Bunsen 
Coefficient 

S .  A. Johnson 
H .  L .  Clever 

Ostwald 
Coefficient 1 0 3.x 1 a/cm3 ( STP ) cm- 3 atm- 1 L/cm 3 cm- 3 

Pentane 

2 9 8 . 15 6 . 03 1 . 17 2  1 . 27 9  

Hexane 

2 9 8 . 15 6 . 1 3  1 .  0 5 0  1 . 14 6  

The Bunsen coeffic ient and mole fraction values were calculated by the 
compiler assuming that the gas is ideal and that Henry ' s  law is obeyed . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Volumetric method . The apparatus 
described by Bodor , Bor , Mohai and 
S ipos was used ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

Both the gas and the l iquid were 
analytical grade reagents of 
Hungarian or foreign origin . No 
further information . 

ESTIMATED ERROR: 

oL/L = ± 0 . 03 

REFERENCES :  

1 .  Bodor , E . ; Bor , Gy . ;  
Mohai , B . ; S ipos , G .  
Ve a zpremi Vegy ip . Egy . Koz Z .  
1 9 5 7 , 1 , 5 5 .  
Chern. Abatr.  1 9 6 1 , 5 5 ,  3 1 7 5 h .  



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ] 

( 2 )  Hexane ; c 6H14 ; [ 110-54-3 ] 

VARIABLES :  
T/K = 2 9 5 . 35 - 3 3 3 . 15 

p 1 /kPa = 1 0 1 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction 

ORIGINAL MEASUREMENTS: 

McDaniel , A .  s .  

J .  Phy s .  Chem.  1 9 1 1 , 1 5 ,  5 8 7 - 61 0 .  

PREPARED BY : 

H .  L .  Clever 

Bunsen a Coefficient 
Ostwald b Coefficient 

t/ ° C  T/K 1 0 3.:r 1 a L/cm 3 cm- 3 
--

2 2 . 2  2 95 . 35 3 . 2 5 0 . 55 8 5  0 . 6 0 3 5  
2 5 . 0  2 9 8 . 15 3 . 17 0 . 54 2 2  0 .  5 9 18 c 
4 0 . 2  3 1 3 . 3 5 2 . 7 7  0 . 4 63 9  0 . 5 3 2 0  
4 9 . 7  3 2 2 . 8 5  2 . 6 6 0 . 4 3 8 0  0 . 5 1 8 0  
6 0 . 0  3 3 3 . 15 2 . 51 0 . 4 0 68 0 . 4 9 6 4  

a Bunsen coefficient , a/cm3 ( STP) cm- 3 atm- 1 • 
b Listed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coeffici ent by compiler . 

c Ostwald coefficient ( absorption coefficient) estimated as 
2 9 8 . 15 K value by author . 

d Mole fraction and Bunsen coefficient values calculated by 
compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT :  McDaniel ' s  data should be used with caution . 
His values are often 2 0  percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE: 

The apparatus is all glass . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is  
degassed by boiling under reduced 
pressure . Gas pressure or volume is  
adj usted us ing mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Prepared by reaction 
of methyl iodide with z inc
copper . Passed through water 
and sulfuric acid . 

( 2 )  Hexane . 

ESTIMATED ERROR: 

o L/L > -0 . 2 0 

REFERENCES : 

2 1 7  



2 1 8  Alkanes: Partia l  Pressu re of Methane up t o  0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Hexane ; c6H14 ; [110-54-3 ]  

VARIABLES : 
T/K = 291 . 15 - 310 . 15 

p 1/kPa = 101 . 325 (1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Lannung , A. ; Gjaldbaek , J .  c .  

Aata Chern . Saand. 19 6 0 ,  1 4 ,  
1124 - 112 8 .  

PREPARED BY : 
J .  Chr . Gj aldbaek 

T/K Mol Fraction 
10 3.::; 

Bunsen 
Coefficient 

Ostwald 
Coefficient 

1 a/cm3 ( STP) cm- 3 atm- 1 L/cm3 cm- 3 
291 . 15 
291 . 15 
2 9 8 . 15 
298 . 15 
310 . 15 
310 . 15 

5 . 14 
5 . 15 
5 . 06 
5 . 10 
4 . 8 7 
4 . 90  

0 . 8 8 4  
0 . 8 8 6  
0 . 8 6 5  
o .  8 7 2  
0 . 813 
0 . 818 

0 . 94 2  
0 . 944  
0 . 944  
0 . 95 2  
0 . 92 3  
0 . 929  

Smoothed Data : For use between 291 . 15 and 310 . 15 K .  
ln  x 1 = -6 . 1312 + 2 . 5167/ (T/100 K )  

The standard error about the regression line is 2 . 7 5  x lo- 5 •  

T/K Mol Fraction 
10 3.::; 1 

298 . 15 5 . 06 
308 . 15 4 . 92 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A cal ibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( 1 )  • 

The absorbed volume of gas is 
calculated from the initial and 
final amounts , both saturated with 
solvent vapor . The amount of solvent 
vapor . The amount of solvent is 
determined by the weight of dis
placed mercury . 

The values are at 101 . 3 25 kPa 
(1  atm) pressure assuming Henry ' s  
law is obeyed . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Generated from 

magnesium methyl iodide . 
Purified by fractional dis
tillation . Specific gravity 
corresponds with mol wt 16 . 08 .  

( 2 )  Hexane . Kahlbaum . "Hexan aus 
petroleum� Fractionated by 
distillation . B . p .  ( 7 60  mmHg) /  
°C  = 68 . 8 5 ,  vapor pressure 
( 2 5 ° C) /mmHg = 154 . 

ESTIMATED ERROR: 

REFERENCES : 

o T/K = ± 0 .  05 
o xl /x1 = ± 0 . 015 

l .  Lannung , A.  
J .  Am . Chern.  Soa . 1930 ,  5 2 , 68 . 



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 
( 1 )  Methane : cH4 : [ 74 -8 2 -8 ] 

{ 2 )  Alkanes :  c6H14 and c7H1 6  

VARIABLES :  
T/K : 

P/kPa : 
2 9 3 . 15 ,  2 9 8 . 15 
1 0 1 . 3 2 5  { 1  atm) 

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 15 
2 9 8 . 15 

2 9 3 . 15 
2 9 8 . 15 

Mol Fraction 

X 1 04 
xl 

4 3 . 4  
4 2 . 4  

4 6 . 7  
4 0 . 7  

ORIGINAL MEASUREMENTS : 
Guerry , D .  Jr . 

Ph . D .  thesis , · 1 9 4 4  
Vanderbilt University 
Nashville , TN 

Thesis Director : L .  J .  Bircher 

PREPARED BY : 
H .  L .  Clever 

Bunsen Ostwald 
Coefficient Coefficient 

a L 

0 . 7 4 8  
o .  7 2 6  

o .  7 1 8  
0 . 6 2 2  

0 . 8 0 3  
0 . 7 9 2  

o .  7 7 1  
0 . 6 7 9  

The Ostw ald coefficients were calculated by the 
compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Hexane . Eastman Kodak Co . 

2 1 9  

A van Slyke-Neill Manometric Appara
tus manufactured by the Eimer and 
Amend Co . was used . 

B . p .  ( 7 6 0 . 3  mmHg) t/ °C 6 8 . 8 5 - 6 8 . 9 0 .  

The procedure of Van Slyke { 1 )  for 
pure liquids was modified ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost complete 
recovery of the sample . 

An improved temperature control 
system was used . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Prepared by hydrolysis 
of crystaline methyl Grignard 
reagent . Passed through cone . 
H2so4 , solid KOH , and Dririte . 

( 2 )  Alkanes . Distilled from sodium 
in air . In addition to the 
solubility data the thesis con
tains data of the refractive 
index , density , vapor pressure , 
and b . p .  

Heptane . B . p .  ( 7 5 3 . 9  mmHg) t/° C  
9 8 . 27 - 9 8 . 2 8 ( carr . ) . 

ESTIMATED ERROR: 

o T/K = 0 . 05 

REFERENCES : 
1 .  Van Slyke , D .  D .  

J .  Bio Z .  Che rn .  1 93 9 ,  1 3 0 , 5 4 5 . 

2 • I j ams , C • C • 

Ph . D .  thesis , 1 9 4 1  
Vanderbilt University 



220 Alkanes: Partial Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH4 ; ] 74-82-8 ]  

2 .  Hexane ; C G H 1 4 ; [ 110-54-3 ] 

ORIGINAL MEASUREMENTS : 

Tilquin , B . ; Decanniere , L . ; 

Fontaine , R . ; Claes , P .  
Ann . Bo a .  Sa . Bruxe � �e s  (Be �gium) 
19 67 , 8 1 , 191-199 . 

VARIABLES :  PREPARED BY : 
'1'/ K :  2 8 8 . 15 

P/kPa : 4 . 11-8 . 13 C .  L .  Young 

EXPERIMENTAL VALUES : 

t/C T/K 
Ostwald 

coefficient, a Mole b fraction 
Henry ' s  
constant b 

L /X 1 H/ atm 

15 . 0  288 . 15 0 . 56 0 . 00306  326  

a Original data at low pressure reported as distribution co
efficient ; but if Henry ' s  law and ideal gas law apply , 
distribution coefficient is equivalent to Ostwald coefficient 
as shown here . 

b Calculated by compiler for a gas partial pressure of 101 . 3 25  
kPa assuming that Henry ' s  law and ideal gas law apply . 

AUXILI ARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

All glass apparatus used at very 
low gas partial pressures ,  con
taining a replaceable degassed sol
vent ampule equipped with a breakable 
point which could be broken by means 
of a magnetically activated plunger . 
Quantity of gas fed into system 
determined by measuring the pressure 
change in a known volume . Quantity 
of liquid measured by weight . 
Pressure change observed after sol
vent released .  Experimental details 
described by Rzad and Claes , ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Source not given ; minimum 
purity specified as 99 . 0  
mole per cent . 

2 .  Fluka pure grade ; minimum 
purity specified as 99 . 0  
mole per cent . 

ESTIMATED ERROR: 
oT/K = o . o 5 ;  ox 1 /x 1  = o . o1 

(estimated by compiler ) • 

REFERENCES : 

1 .  Rzad , S . ;  Claes , P .  
Bu � � .  Soa . Chim. Be �ges 
1964 , '13 , 6 8 9 .  



Alkanes:  Partia l Pressure of Methane up to 0.2 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ] 

( 2 )  Hexane ; c6H14 ; [ 1 10-54-3 ] 

VARIABLES : 

T/K : 2 7 3 . 15 - 32 3 . 15 
P/kPa : 101 . 3 25 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Hayduk , W . ; B_uckley , W . D . 

Can . J .  Chern . Eng . 1971 , 4 9 , 

6 6 7 -6 7 1 .  

PREPARED BY : 

W .  Hayduk 

T/K Ostwald Coefficient 1 Bunsen Coefficient 2 Mole Fraction 1 

10 .. :x:,_ L/cm 3 cm- 3 a/cm 3 ( STP) cm- 3atm- 1 

2 7 3 . 15 
2 9 8 . 15 
3 2 3 . 15 

1 Original data 

1 . 0 0 4  
0 . 9 3 5  
0 . 80 1  

2 Calculated b y  compiler 

1 .  0 0 4  
0 . 85 7  
0 . 6 7 7  

� 

5 7 . 1  ( 5 8 . 1 ) 3 
5 0 . 2  ( 4 8 . 7 ) 
4 1 . 3  ( 4 1 . 9 )  

3 The original mole fraction solubility data were used to determine 
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the following equations for AG0 and ln x1 and table of smoothed values : 
- 1 

AG0/J mol =-RT ln x 1 = 6 0 . 36 1 T - 4 7 9 5 . 3  
ln x 1 = 5 7 6 . 8/T - 7 . 2 6 0  

Std .  deviation for AG0 = 6 6 . 9  J mol- 1
; Corre lation coe fficient = 0 . 9 9 9 1  

T/K 10- "
t.G0/J mol- 1 

1 0 "x 1 
---

2 73 . 15 1 . 16 9  5 8 . 1  
2 8 3 . 15 1 . 2 3 0  5 3 . 9  
2 9 3 . 15 1 . 2 9 0  5 0 . 3  
2 9 8 . 15 1 .  3 2 0  4 8 . 7  
3 0 3 . 15 1 . 35 0  4 7 . 1  
3 13 . 15 1 . 4 1 1  4 4 . 3  
3 2 3 . 15 1 . 4 71 4 1 . 9  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A volumetric method using a glass 
apparatus was employed . Degassed 
solvent contacted the gas while 
flowing as a thin film ,  at a cons
tant rate , through an absorption 
spiral into a solution bure t .  A 
constant solvent flow was obtained 
by means of a calibrated syringe 
pump . The solution at the end of 
the spiral was considered saturated . 
Dry gas was maintained at atmosphe
ric pressure in a gas buret by 
mechanically rai sing the mercury 
level in the buret at an adj ustable 
rate . Volume s of solvent injected 
and residual gas were obtained for 
regular time intervals . The 
solubility was calculated from the 
constant s lope of volume of gas 
dissolved and volume of solvent 
inj ected . 
Degassing was accompli shed using a 
two stage vacuum process described 
by Clever et al . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson Co . Specified as 
ultra high purity grade of 
9 9 . 9 7  per cent . 

2 .  Canlab . Chromatoquality grade 
of speci fied minimum purity of 
9 9 . 0  per cent . 

ESTIMATED ERROR: 

oT/K = 0 . 1  

ox1 /x1 = 0 . 0 1 

REFERENCES : 

1 .  Cleve r ,  H . L . ; Battino , R . ; 
Saylor , J . H . ;  Gros s ,  P . M .  

J ,  Phy s . Chern . 19 5 7 , 6 1 , 
1 0 7 8 .  



222 Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane : CH4 : [ 7 4-82-8 ]  

( 2 )  Hexane : c6H14 : [ 110-54-3 ]  

Yokoyama , C . ; Masuoka , H .  
Aral , K . ; Saito , s .  

J . Chem. Eng.  Data 1985,  3 0 ,  
177-9 . 

VARIABLES :  PREPARED BY : 
T/K = 311 . 0  

p t/MPa = 0 . 57 - 1 . 98 

EXPERIMENTAL VALUES : 

Temperature 

H .  L .  Clever 

Total Mol Fraction 
Pressure Liquid Vapor 

T/K P t/MPa xl Y 1 

37 . 8  311 . 0  0 . 57 0 . 9264  
0 . 59 0 . 9256 
0 . 83 0 . 9468  
1 .  06 0 . 94 6 8  
1 .  20 0 . 0567 0 . 9607 
1 .  30 0 . 0616 0 . 9627  
1 . 53 0 . 0734 0 . 9 6 80 
1 . 5 8  0 . 0757 
1 . 77 0 . 0860 0 . 9696  
1 .  79  0 . 0892  
1 . 81 0 . 0880  0 .  9724 
1 . 9 8 0 . 09 65  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

The equipment consists of an equil
ibration system and an analysis sys
tem. The procedures are essentially 
the same as those used by King et a Z .  
( ref 1 )  and Kubota e t  a Z .  (ref 2 ) . 
The equilibration system is in a 
thermostated water bath . The analysis 
system is in an air bath at 100 C to 
avoid condensation problems . 

Details of the degassing , equili
bration , and sampling procedures are 
not given in the paper . The composi
tion analysis was made by a gas chro
matograph and digital integrator . 
Calibration curves were obtained from 
mixtures of known composition . 

REFERENCES : 
l . King , M . B . ;Alderson , D .A . ; Fallah , F . ; 

Kassim , D .M . ; Sheldon , J . R . ;Mahmud , R. 
"Chemi aa Z Engineering at Sup er
aritiaaZ Conditions "Paulatis ,M . E . :  
Penninger , J .M . L . ;Gray , R . D . ,Jr . ; 
Davidson , P ,  Editors : Ann Arbor Sci . : 
Ann Arbor , MI 1983 , p .  31 . 

( 1 )  Methane . Takachio Kagaku Co . ,  
Ltd . Used as received . 

( 2 )  Hexane . Takachio Kagaku Co . ,  
Ltd . Used as received . 

A trace anaylsis of the components 
found no measurable impurities . The 
samples were used without further 
purification . 

ESTIMATED ERROR: 
oT/K = ± 0�05 

op t/MPa = ± 0 . 01 
o xl/xl = ± 0 . 015  

REFERENCES : ( continued) 
2 .  Kubota , H . ; Inatome , H . ; 

Tanaka , Y . ; Makita , T .  
J .  Chem. Eng .  Jpn . 1983,  1 6 .  99 . 



Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ]  

ORIGINAL MEASUREMENTS : 

Tilquin , B . ; oecanniere , L . ; 

Fontaine , R . ; Claes , P .  

223 

2 .  2 , 2 ' -Dimethylbutane (Nee-hexane ) ;  
C 5 H 1 4 i [ 7 5-83-2 ]  Ann . Soa . Sa.  BPuxe Z Ze s  (Be lgium) 

19 67 , 8 1 , 191-199 . 

VARIABLES :  P REPARED BY : 
T/K : 288 . 15 

P/kPa : 2 . 05-2 . 11 C .  L .  Young 

EXPERIMENTAL VALUES : 

t/C T/K 
Ostwald a coefficient, 

Mole b fraction 
Henry ' s  b constant 

L /X l  H/atrn 

15 . 0  288 . 15 2 . 30 0 . 01266 79 . 0  

a Original data at low pressure reported as distribution co
efficient ; but if Henry ' s  law and ideal gas law apply , 
distribution coefficient is equivalent to Ostwald coefficient 
as shown here . 

b Calculated by compiler for a gas partial pressure of 101 . 3 25 
kPa assuming that Henry ' s law and ideal gas law apply . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

All glass apparatus used at very 
low gas partial pressures ,  con
taining a replaceable degassed sol
vent ampule equipped with a breakable 
point which could be broken by means 
of a magnetically activated plunger . 
Quantity of gas fed into system 
determined by measuring the pressure 
change in a known volume . Quantity 
of liquid measured by weight . 
Pressure change observed after sol
vent released . Experimental details 
described by Rzad and Claes , ref . ( 1 } . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Source not given ; minimum 
purity specified as 99 . 0  
mole per cent . 

2 .  Fluka pure grade ; minimum 
purity specified as 99 . 0  
mole per cent . 

ESTIMATED ERROR: 
oT/K = 0 . 05 ;  o x 1 / x 1  = 0 . 01 

(estimated by compiler ) • 

REFERENCES : 

1 .  Rzad , S . ;  Claes , P .  
Bu Z Z .  Soa . Chim . Be Zges 
1964 , 1'3 , 6 8 9 . 



224 Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74-82-8 ]  

( 2 )  Heptane ; c7H16 ; [ 142-82-5]  

VARIABLES : 

T/K = 295 . 3 5 - 313 . 15 
p 1/kPa = 101 . 3  ( 1  atm} 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
McDaniel , A .  s .  

J .  Phy s .  Chem . 1911 , 1 5 ,  587-610 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Mol Fraction Bunsen Ostwald b Coefficienta Coefficient 
t/°C T/K l0 3x 1 

a. L/cm3 cm- 3 
--

2 2 . 2  2 9 5 . 35 4 . 37  0 .  6720  0 .  7242  
25 . 0  2 9 8 . 15 4 . 27 0 . 6519 0 .  7116C 
3 0 . 1  3 0 3 . 25 4 . 10  0 . 6221  0 . 69 0 6  
4 0 . 0  313 . 15 3 . 8 9 0 . 5 8 20  0 . 6 675 

a Bunsen coefficient , a./cm 3 ( STP } cm- 3 atm- 1 • 
b Listed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 
c Ostwald coefficient (absorption coefficient } estimated as 

2 98 . 15 K value by author . 
d Mole fraction and Bunsen coefficient values calculated by 

compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with caution . 
His values are often 2 0  percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus is all glass . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boiling under reduced 
pressure. Gas pressure or volume is 
adjusted using mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber.  Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 }  Methane . Prepared by reaction 

of methyl iodide with zinc
copper . Passed through water 
and sulfuric acid . 

( 2 )  Heptane . 

ESTIMATED ERROR: 

o L/L > -0 . 20 

REFERENCES : 



Alkanes: Partia l Pressure of Methane up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 -8 ]  

( 2 )  Heptane ; c7H1 6 ; [ 1 4 2-8 2-5 ]  

Octane ; c8H18 ; [111- 65- 9 ]  

VARIABLES : 
T/K : 

p/kPa : 
2 9 8 . 15 
1 0 1 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

ORIGINAL MEASUREMENTS : 

Makrancz y ,  J . ; Megyery-Balog , K . ; 
Rusz ,  L . ; Patyi , L .  

Hung . J.  Ind. Chern . 1 9 7 6 , 4 ,  
2 6 9  - 2 8 0 .  

PREPARED BY : 

Bunsen 
Coefficient 

s .  A. Johnson 
H .  L .  Clever 

Ostwald 
Coefficient 1 0 3 x 1 a/cm3 ( STP ) cm- 3 atm- 1 L/cm3 cm- 3  

Heptane 

2 9 8 . 15 5 . 7 3 0 . 8 7 6  0 . 9 5 6  

Octane 

2 9 8 . 15 5 . 64 o .  7 7 8  o .  8 4 9  

The Bunsen coefficient and mole fraction values were calculated by the 
compiler assuming that the gas is ideal and that Henry ' s  law is obeyed . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE: 
Volumetric method . The apparatus 
described by Bodor , Bar , Mohai and 
S ipos was used ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
Both the gas and the l iquid were 
analytical grade reagents of 
Hungarian or foreign origi n .  No 
further information . 

ESTIMATED ERROR: 

oL/L = ± 0 . 03 

REFERENCES : 
1 .  Bodor , E . ; Bar , Gy . ;  

Mohai ,  B . ;  Sipo s ,  G .  
Ves zprerni Vegyip . Egy . Koz � .  
1 9 5 7 ' 1 '  55 . 
Che rn .  Abstr .  1 9 6 1 , 5 5 ,  3 1 7 5 h .  
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226 Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] Hayduk , W . ; Buckley , W . O .  

{ 2 )  Heptane ; C7H16 1 [ 1 4 2- 8 2-5 ] Can . J .  Chern . Eng . 1 9 7 1 , 4 9 , 

6 6 7-6 7 1 .  

VARIABLES :  PREPARED BY : 

T/K : 2 73 . 15-34 8 . 15 

P/kPa : 101 . 3 2 5  w .  Hayduk 

EXPERIMENTAL VALUES : 

T/K Ostwald Coefficient 1 Bunsen Coefficient2 Mole Fraction 1 

L/cm 3 cm- 3 a/cm3 { STP) cm- 3 atm- 1  1 0 4 ;r; 1 

2 7 3 . 15 0 . 89 4  0 . 8 9 4  5 7 . 1  { 5 8 . 1 ) 3 
2 9 8 . 15 0 . 84 0  o .  7 7 0  5 0 . 6  { 4 9 . 4 ) 
3 2 3 . 15 0 . 7 5 2  0 . 6 3 6  4 3 . 1  ( 4 3 . 1 )  
3 4 8 . 15 0 . 6 8 8  0 . 5 4 0  3 8 . 0  ( 38 . 3 )  

1 0riginal data . 
2Calculated by compiler 
3The mole fraction s olubility of the original data was used to determine 

the following equations for AG0 and ln x1 and table of smoothed value s : 

AG 0/J mol- 1  = -RT ln x1 = 5 8 . 9 1 6  T - 4 4 0 1 . 9  

ln x 1 = 5 2 9 . 5/T - 7 . 0 86  

Std .  deviation for AG 0 = 4 3 . 2  J mol- 1 ; Correlation coefficient = 0 . 9 9 9  

T/K 10- 4 AG 0 /J mol- l 1 0 4 ;r;l T/K 10- 4 AG0/J mol- l 10 4 ;r; 1 

2 7 3 . 15 1 . 16 9  5 8 . 1  3 1 3 . 15 1 . 4 0 4  4 5 . 4  
2 8 3 . 15 1 . 22 8  5 4 . 2  3 2 3 . 15 1 . 46 4  4 3 . 1  
2 9 3 . 15 1 . 2 8 7  5 0 . 9  3 33 . 15 1 . 52 3  4 1 . 0  
2 9 8 . 15 1 . 31 6  4 9 . 4  3 4 3 . 15 1 . 5 8 2  3 9 . 1  
3 0 3 . 15 1 .  3 4 6  4 8 . 0  3 4 8 . 15 1 . 6 1 1  3 8 . 3  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A volumetric method using a glass 1 .  Matheson C o .  Speci fied as 
apparatus was employe d .  Degassed ultra high purity grade of 
s olvent contacted the gas while 9 9 . 9 7 per cent . 
flowing as a thin film ,  at a 
constant rate , through an absorption 2 .  Canlab . Chromatoquality grade 
spiral into a solution buret . A of specified minimum purity of 
constant solvent flow was obtained 9 9 . 0  per cent . 
by means of a calibrated syringe 
pump . The solution at the end of 
the spiral was considered saturate d .  
Dry gas was maintained a t  atmosphe-
ric pressure in a gas buret by ESTIMATED ERROR: 
mechanically raising the mercury 
level in the buret at an adjustable oT/K = 0 . 1 
rate . The solubi lity was calculated oxl /;r;l = 0 . 0 1 from the constant s lope of volume 
of gas dissolved and volume of REFERENCES :  solvent injected . 
Degass ing was accomplished using a 1 .  Clever , H . L . ; Battino , R . ; two stage vacuum process described Saylor , J . H . ; Gross ,  P .M .  by Clever e t  al . { 1 )  • 

J .  Phy s . Chern . 195 7 ,  6 1  1 
1 0 7 8 . 

I I 



Alkanes: Partia l Pressure of Methane u p  to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 - 8 ] 

( 2 )  Octane ; c8H1 8 : [ 1 11-65- 9 ]  

VARIABLES : 
T/K : 

p/kPa : 
2 9 8 . 25 ,  3 1 3 . 3 5 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

l O s x 1 

2 9 8 . 2 5 5 . 0 2 6  
3 1 3 . 35 4 . 74 4  

ORIGINAL MEASUREMENTS : 
Wilcock , R .  J . ; Battino , R . ; 
Danforth , w .  F . ;  Wilhelm , E .  

J .  Che rn .  Thermody n .  1 9 7 8 , 1 0 ,  
8 1 7  - 8 2 2 . 

PREPARED BY : 

Bunsen 
Coefficient 

H .  L .  Clever 

a/ems ( STP ) em- s atm- 1  

Ostwald 
Coefficient 

L/cms em- s  

0 . 6 9 1 3  
0 . 6 4 1 0  

0 . 7 5 4 8  
0 . 7 3 5 3  

The Bunsen coefficients were calculated b y  the compiler . 

It is assumed that the gas is ideal and that Henry ' s  law is obeyed . 

METHOD/APPARATUS/PROCEDURE : 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Minimum mole percent purity 
stated to be 9 9 . 97 .  

227 

The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is  described 

by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhof , 
Bogan, and Wilhelm ( 3 ) . 

( 2 )  Octane . Phillips Petrol eum Co . 
9 9  mole per cent , distilled , 
density at 2 9 8 . 1 5 K ,  
p/g em- s  0 . 6 9 8 8 . 

Degassing . Up to 5 0 0  ems of solvent 
is placed in a flask of such size  
that the liquid is  about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pressure 
drops to 5 microns . 

Solub ility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one 
atm. The volume of gas absorbed is 
found by difference between the 
initial and final volumes in the 
buret system . The solvent is col
lected in a tared flask and weighed . 

ESTIMATED ERROR: 

o T/K = 0 . 02 
o P/mmHg = 0 . 5  

ox1 /x1 = 0 . 01 

REFERENCES : 

1 .  Morrison, T .  J . ; Billett , F .  
J .  Che rn .  Soo . 1 94 8 ,  2 0 3 3 . 

2 .  Battino , R . ; Evans , F .  D . ; 
Danforth , w .  F .  
J .  Am . Oi Z Chern . Soo . 1 9 6 8 , 
4 5 ,  8 3 0 . 

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhelm, E .  
Ana Z .  Che rn .  1 9 7 1 , 4 3 ,  8 0 6 .  



228 Alkanes:  Partia l  Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane 1 CH4 1 [ 74-82-8 ] Hayduk , W . 1 Buckley , W . O .  

( 2 )  Octane 1 C8H18 1 [ 111-6 5-9 J Can . J.  Chern . Eng . 197 1 ,  4 9 ,  
6 6  7-6 7 1 .  

VARIABLES : PREPARED BY : 
T/K : 273 . 15-3 4 8 . 15 w .  Hayduk P/kPa : 101 . 325 

EXPERIMENTAL VALUES : 

T/K Ostwald Coefficient 1 Bunsen Coefficient2 Mole Fraction 1 
L/cm3 cm- 3 a/cm3 ( STP ) cm- 3 atm- 1 10 4 :X: 1 

27 3 . 15 0 . 826  0 . 8 26 5 8 . 6  ( 5 8 . 9 ) 3 
2 9 8 . 15 0 .  76 7 0 . 70 3  5 1 . 1  ( 5 0 . 5 )  
323 . 15 0 . 696  0 . 5 8 8  44 . 1  ( 4 4 . 4 )  
34 8 . 15 0 . 65 3  0 . 512 39 . 7  ( 3 9 . 7 )  

1 0riginal data . 
2Calculated by compiler 
3The mole fraction solubility of the original data was used to determine 
the following equations for L\G0 and ln :x:1 and table of smoothed values : 
L\G0/J mol- 1 = -RT ln :x:1 = 5 7 . 9 5 8  T - 4172 . 4  

ln :x:1 = 501 . 9/T - 6 . 971 
Std .  deviation for L\G0 = 20 . 0  J mol- 1 1 Correlation coefficient = 1 . 000 

T/K 10- 4 L\G0/J mol- 1  10 4 :X: 1 T/K 10- 4 fiG0/J mol- 1 10 4 :X: 1 

273 . 15 1 . 166 5 8 . 9  303 . 15 1 .  340 49 . 1  
283 . 15 1 .  2 2 4  55 . 2  313 . 15 1 .  3 9 8  4 6 . 6  
293 . 15 1 .  2 8 2  52 . 0  323 . 1 5  1 .  456  44 . 4  
29 8 . 15 1 . 311 50 . 5  348 . 15 1 . 601 39 . 7  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A volumetric method using a glass 1 .  Matheson Co . Specified as 
apparatus was employed .  Degassed ultra high purity grade of 
solvent contacted the qas while 99 . 9 7 per cent . 
flowing as a thin film , at a 
constant rate , through an absorption 2 .  Canlab . Chromatoquality grade 
spiral into a solution buret .  A of specified minimum purity of 
constant solvent flow was obtained 99 . 0  per cent . 
by means of a cabibrated syringe 
pump . The solution at the end of 
the spiral was considered saturated . 
Dry gas was maintained at atmosphe-
ric pressure in a gas buret by ESTIMATED ERROR: 
mechanically raising the mercury oT/K = 0 . 1  level in the buret at an adjustable 
rate . The solubility was calculated o:x:l /:x:l = 0 . 01 
from the constant slope of volume 
of gas dissolved and volume of REFERENCES : solvent injected . 
Degassing was accomplished using a 1 .  Clever ,  H . L .  1 Battino , R - 1 two stage vacuum process described Saylor , J . H .  1 Gross , P .M .  by Clever et al . ( 1 )  • 

J.  Phy s .  Chern . 195 7 ,  61 , 
10 78 . 



Alkanes: Partia l Pressure of Methane up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 - 8 ]  

( 2 )  2 , 2 , 4-Trimethylpentane o r  
isooctane ; c8H18 ; [ 54 0- 8 4-1 ]  

VARIABLES : 
T/K = 2 7 7 . 51 - 3 08 . 2 2 

p 1 /kPa = 1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Hiraoka , H . ; Hildebrand , J .  H .  

J .  Phy s .  Chem . 1 9 6 4 , 68 , 213-214 . 

PREPARED BY : 
M .  E .  Derrick 
H .  L .  Clever 

Temperature Mol Fraction Bunsen Ostwald 

t/°C T/K l 0 3x 
Coefficient Coefficient 

1 a/cm 3 (STP ) cm- 3 atm- 1 L/cm3 cm- 3 
---

4 . 3 6  2 7 7 . 5 1 6 . 23 6  0 . 8 6 8  0 . 8 8 2  
14 . 97 2 8 8 . 1 2 5 . 6 8 8  0 . 7 8 1  0 . 8 2 4  
2 4 . 7 7 2 9 7 . 92 5 . 3 5 1  o .  7 2 6  0 . 7 9 2  
3 5 . 07 3 0 8 . 2 2 4 . 98 9  0 . 6 6 9  0 . 755  

The Bunsen and Ostwald coefficients were calculated by the compiler 
assuming ideal gas behavior .  

Smoothed Data : For use between 2 7 7 . 51 and 3 0 8 . 2 2 K .  

ln x1 = -7 . 2 9 4 0  + 6 . 1 413/ ( T/1 0 0  K) 

The standard error about the regression line is  3 . 3 2  x 1 0- � . 

METHOD/APPARATUS/PROCEDURE : 

T/K 

2 7 8 . 15 
2 8 8 . 15 
2 9 8 . 15 
3 08 . 15 

Mol Fraction 
l 02 x 1 

6 . 1 8 2  
5 .  7 2 6  
5 . 331  
4 . 98 6  

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
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The apparatus con'sists of a gas 
measuring buret ,  an absorption pipe t ,  
anc a reservoir for the solvent .  The 
buret is thermostated at 25 °C , the 
pipet at any temperature from 5 to 
3 0 ° C .  The pipet contains an iron bar 
in glass for magnetic stirring . The 
pure solvent i s  degassed by freezing 
with liquid nitroge n ,  evacuating , 

( 1 )  Methane . Phillips Petroleum Co . 

then boiling with a heat lamp . The 
degassing process is repeated three 
times . The solvent is flowed into 
the p ipet where it is again boiled 

( 2 )  

Gas passed through a cold trap . 

I soocta�e . Source not given . 
Distilled , purity checked by 
ultraviolet absorbance . 

ESTIMATED ERROR: 

o T/K = 
o x1 !x1 

= 0 . 02 
0 . 0 0 3  

REFERENCES : 

for final degassing . Manipulation of 
the apparatus is such that the sol
vent never comes in contact with 
stopcock grease . The liquid in the 
pipet is sealed off by mercury . I ts 
volume is the difference between the 
capacity of the p ipet and the volume 1 .  Kobatake , Y . ; Hildebrand , J .  H .  
of mercury that confines i t .  Gas is  
admitted into the pipet . Its exact 
amount is determined by P-V measure
ments in the buret before and after 
introduction of the gas into the pipet . 
Equilibrium is attained within 2 4  hours . 

J .  Phy s . Chern . 1 9 6 1 ,  6 5 , 3 3 1 . 

The stirrer i s  set in motion . 



230 Alkanes: Partia l  Pressure of Methane u p  to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [74-82-8 ]  

( 2 )  Nonane ; c9H20 ; (111-84-2 ]  

Decane ; c10H22 ; [ 124-18-5 ]  

VARIABLES : 
T/K : 

p/kPa : 
298 . 15 
1 01 . 325  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

ORIGINAL MEASUREMENTS : 
Makranczy,  J . ; Megyery-Balog , K . ; 
Rusz ,  L . ; Patyi , L .  

Hung . J .  Ind. Chern.  1 9 7 6 ,  4 , 
269  - 280 . 

PREPARED BY : 

Bunsen 
Coefficient 

S .  A .  Johnson 
H .  L .  Clever 

Ostwald 
Coefficient 10 3x 1 a/cm3 (STP ) cm- 3atm- 1 L/cm3 cm- 3 

Nonane 

2 98 . 15 5 . 57 0 . 698  0 . 7 62  

De cane 

298 . 15 5 . 52 0 . 635  0 . 693  

The Bunsen coefficient and mole fraction values were calculated by the 
compiler assuming that the gas is ideal and that Henry ' s  law is obeyed . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
Volumetric method . The apparatus 
described by Bodor , Bar , Mohai and 
Sipos was used ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
Both the gas and the liquid were 
analytical grade reagents of 
Hungarian or foreign origin.  No 
further information . 

ESTIMATED ERROR: 

oL/L = ± 0 . 03 

REFERENCES : 
1 .  Bodor , E . ; Bar , Gy . ;  

Mohai , B . ; Sipos , G .  
Ves zprerni Vegy ip . Egy . Koz Z .  
1957 , 1 ,  55 . 
Che rn .  A b s t r .  1961 ,  5 5 ,  3175h . 



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

( 2 )  Decane ; c1 0H22 : [ 1 2 4 - 1 8 - 5 ]  

VARIABLES :  
T/K : 

p/kPa : 
2 8 2 . 8 0 ,  313 . 3 5 
101 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K 

2 8 2 . 8 0 
313 . 3 5 

Mol Fraction 

10 3 x 1 

5 . 7 3 7  
4 . 7 9 8  

ORIGINAL MEASUREMENTS : 
Wilcock , R .  J . ; Battino , R . ; 
Danforth , W .  F . ; Wilhelm, E .  

J .  Chern.  Thermody n .  1 9 7 8 , 1 0 ,  
8 17 - 8 2 2 . 

PREPARED BY : 

Bunsen 
Coefficient 

H .  L .  Clever 

a/cm3 ( STP ) cm- 3 atm- 1 

Ostwald 
Coefficient 

L/cm3 cm- 3 

0 . 6 6 9 3  
0 . 54 2 0  

0 . 6 9 2 9  
0 . 6 2 1 8  

The Bunsen coefficients were calculated by the compiler . 

It is assumed that the gas is ideal and that Henry ' s  law is obeyed . 

METHOD/APPARATUS/PROCEDURE : 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Minimum mole percent purity 
stated to be 9 9 . 9 7 .  

231 

The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is described 

by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhof , 
Bogan , and Wilhelm ( 3 ) . 

( 2 )  Decane . Phillips Petroleum Co . 
9 9  mol % ,  distilled , density at 
2 9 8 . 15 K ,  p/g cm- 3 0 . 7 2 6 4 . 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such s iz e  
that the liquid is about 4 e m  deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pressure 
drops to 5 microns . 

Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one 
atm . The volume of gas absorbed is 
found by difference between the 
initial and final volumes in the 
buret system . The solvent is col
lected in a tared flask and weighed . 

ESTIMATED ERROR: 
o T/K = 0 . 02 

O P/mrnHg = 0 . 5  
Ox1 !x1 = 0 . 01 

REFERENCES : 

1 .  Morrison , T .  J . ; Billett , F .  
J .  Chern . Soc . 1 94 8 ,  2 0 3 3 . 

2 .  Battino , R . ; Evans , F .  D . ; 
Danforth , w .  F .  
J .  Am.  Oi � Chern . Soc .  1 9 6 8 , 
4 5 , 8 3 0 .  

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana � .  Chern . 1 9 7 1 , 4 3 ,  8 0 6 . 



232 Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 ) Methane ; CH4 ; [ 74-82-8 ]  Hayduk , IV . ; Buckley , W . D .  

( 2 )  Dodecane ; c12H26 ; [ 112-40-3 ]  Can .  J .  Chem . Eng . 1971 ' 4 9 , 
6 6 7-671 . 

VARIABLES : PREPARED BY : 
T/K : 273 . 15-3 4 8 . 15 w .  Hayduk P/kPa:  101 . 325 

EXPERIMENTAL VALUES : 

T/K Ostwald Coefficient 1 Bunsen Coefficient 2 Mole Fraction 1 
L/cm 3 cm- 3 a./cm3 (STP ) cm- 3 atrn- 1 10 4 X 1 

273 .15 0 . 627 0 . 6 2 7  6 2 . 4  ( 6 2 . 8 ) 3 
2 9 8 . 15 0 . 5 90 0 . 540  5 4 . 9  ( 5 4 . 4 )  
323 . 15 0 . 5 47 0 . 4 62 4 8 . 2  ( 4 8 . 2 ) 
3 48 . 15 0 . 5 17 0 . 406 4 3 . 4  ( 4 3 . 5 )  

1 0riginal data . 
2Calculated by compiler 
3The mole fraction solubility of the original data was used to determine 
the following equations for �Go and ln x1 and table of smoothed values : 

�G0/J mol- 1 = -RT ln x1 = 56 . 325  T - 386 9 . 4  
ln x1 = 465 . 4/T - 6 . 775 

Std. deviation for �G 0 = 15 . 3  J mol- 1 ; Correlation coefficient = 0 . 9999 

T/K 1o- 4�G0/J mol- 1 10 4 x1 T/K 10- 4�G0/mol- 1 10 4 X 1 

273 . 15 1 . 15 2  6 2 . 8  303 . 15 1 . 321 53 . 0  
2 83 . 15 1 . 208  59 . 1  313 . 15 1 . 3 77 50 . 5  
293 . 15 1 .  264  55 . 9  323 .15 1 .  433 4 8 . 2  
2 9 8 . 15 1 . 292 54 . 4  3 4 8 . 15 1 . 574 43 . 5  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A volumetric method using a glass 1 .  Matheson Co . Speci fied as 
apparatus was employed . Degassed ultra high purity grade of 
solvent contacted the gas while 99 . 9 8  per cent. 
flowing as a thin film , at a 
constant rate , through an absorption 2 .  Canlab . Chromatoquality grade 
spiral into a solution buret .  A of specified minimum purity of 
constant solvent flow was obtained 99 . 0  per cent . 
by means of a calibrated syringe 
pump . The solution at the end of 
the spiral was considered saturated . 
Dry gas was maintained at atmosphe-
ric pressure in a gas buret by ESTIMATED ERROR: 
mechanically raising the mercury oT/K = 0 . 1  level in the buret at an adjustable 
rate . The solubility was calculated ox1/x1 = 0 . 01 
from the constant slope of volume 
of gas dissolved and volume of REFERENCES : 
solvent injected. 

Degassing was accomplished using a 1 .  Clever ,  H . L . ; Battino , Rd 
two stage vacuum process described Saylor , J . H . ;  Gross , P .M .  
by Clever et al . ( 1 )  • J .  Phy s .  Chem . 195 7 ,  6 1 , 

10 78 . 



Alkanes: Partia l Pressure of Methane up to 0.2 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2-8 ] 

( 2 )  Undecane ; C11H24 ; [ 1 1 2 0-21-4 ] 

Dodecane ; cl 2H2 6 : [ 1 1 2 - 4 0 - 3 ]  

VARIABLES : 
T/K : 2 9 8 . 15 

p/kPa : 1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

1 0 3x 1 
Undecane 

2 9 8 . 15 5 . 4 6  

Dodecane 

2 9 8 . 1 5 5 . 4 5 

ORIGINAL MEASUREMENTS : 

Makranczy , J . ; Megyery-Balo g ,  K . ; 
Rusz , L . ; Patyi , L .  

Hung . J .  Ind . Chem . 1 9 7 6 , 4 ,  
2 6 9  - 2 8 0 .  

PREPARED BY : 
S .  A .  Johnson 
H .  L .  Clever 

Bunsen 
Coefficient 

a/cm 3 ( STP ) cm- 3 atm- 1  

0 . 5 8 0  

0 . 53 7  

Ostwald 
Coefficient 

L/cm 3 cm- 3 

0 . 63 3  

0 . 5 8 6  

The Bunsen coeffic ient and mole fraction values were calculated by the 
compiler assuming that the gas is ideal and that Henry ' s  law is obeyed . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Volumetric method .  The apparatus 
described by Bodor , Bor , Mohai and 
Sipos was used ( 1 )  . 

SOURCE AND PURITY OF MATERIALS : 
Both the gas and the l iquid were 
analytical grade reagents of 
Hungarian or foreign origi n .  No 
further informatio n .  

ESTIMATED ERROR: 

oL/L = ± 0 . 03 

REFERENCES : 
1 .  Bodor , E . ; Bor , Gy . ;  Mohai , B . ; 

Sipo s ,  G .  
Ve szp remi Vegy ip . Egy . Koz Z .  
1 95 7 , 1 , 5 5 .  
Che m .  A b s t r .  1 9 6 1 ,  5 5 ,  3 1 7 5 h .  
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234 Alkanes:  Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 
{ 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

( 2 )  Tridecane ; c1 3H2 8 ; [ 62 9- 5 0 - 5 ]  

Tetradecane ; c1 4 H3 0 ; [ 6 2 9-59-4 ] 

VARIABLES : 
T/K : 

p/kPa : 
2 9 8 . 15 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Makranczy , J . ;  Megyery-Balo g ,  K . ; 
Rusz , L . ; Patyi , L .  

Hung . J .  Ind . Chern . 1 9 7 6 , 4 ,  
2 6 9  - 2 8 0 .  

PREPARED BY : 
s .  A .  Johnson 
H .  L. Clever 

-------------------------------------------------------

T/K Mol Fraction 

1 0 3x 1 

Bunsen 
Coefficient 

a/cm 3 ( STP ) cm- 3 a tm- 1 

Ostwald 
Coefficient 

L/cm3 cm- 3 
Tridecane 

2 9 8 . 15 5 . 3 9 0 . 4 9 6  0 . 5 4 1  

Tetradecane 

2 9 8 . 15 5 . 4 0 0 . 4 6 5  0 . 5 0 8  

The Bunsen coefficient and mole fraction values were calculated by the 
compiler assuming that the gas is ideal and that Henry ' s  law is obeyed . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Volumetric method . The apparatus 
described by Bodor , Bor , Mohai and 
Sipos was used ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
Both the gas and the l iquid were 
analytical grade reagents of 
Hungarian or foreign origi n .  No 
further information . 

ESTIMATED ERROR: 

oL/L = ± 0 . 03 

REFERENCES : 
1 .  Bodo r ,  E . ; Bor , Gy . ;  

Mohai ,  B . ; Sipos , G .  
Vea zprerni Vegyip . Egy . Koz Z .  
1 95 7 ,  1 ,  55 . 
Chern . A b a t r .  1 9 6 1 ,  5 5 ,  3 1 7 5h .  



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2- 8 ] 

( 2 )  Pentadecane ; c1 5H3 2 ; [ 62 9- 6 2 - 9 ]  

Hexadecane ; c1 6H3 4 ; [ 54 4 - 7 6- 3 ]  

VARIABLES :  
T/K : 

p/kPa : 
2 9 8 . 15 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 
Makranc zy , J . ;  Megyery-Balog ,  K . ; 
Rusz , L . ; Patyi , L .  

Hung . J .  Ind .  Chern . 1 9 7 6 , 4 ,  
2 6 9  - 2 8 0 . 

PREPARED BY : 
S .  A .  Johnson 
H .  L .  Clever 

-------------------------------------------------------------

T/K Mol Fraction 

1 0 3 x 1 

Bunsen 
Coefficient 

a/cm 3 ( STP ) cm- 3 atm- 1 

Ostwald 
Coefficient 

L/cm3 cm- 3 

Pentadecane 

2 9 8 . 15 5 . 3 5 0 . 4 3 4  0 . 4 7 4  

Hexadecane 

2 9 8 . 15 5 . 3 6  0 . 4 1 0  0 . 4 4 8  

The Bunsen coefficient and mole fraction values were calculated b y  the 
compiler assuming that the gas is ideal and that Henry ' s  law is obeyed . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Volumetric method . The apparatus 
described by Bodor , Bar , Mohai and 
Sipos was used ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

Both the gas and the liquid were 
analytical grade reagents o f  
Hungarian o r  foreign origi n .  No 
further information . 

ESTIMATED ERROR: 

oL/L = ± 0 . 03 

REFERENCES : 
1 .  Bodo r ,  E . ; Bor , Gy . ;  

Mohai , B . ; S ipos , G .  
Ve s zprerni Vegy i p .  Egy . Koz Z .  
1 9 5 7 , 1 ,  5 5 .  
Chern . A b s t r .  1 9 6 1 , 5 5 ,  3 1 7 5 h .  
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236 Alkanes: Partia l  Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEAS UREMENTS : 

[ 74-82-8 ]  Lenoir , J-Y . ; Renault , P . ; Renon , H .  

[ 5 44-76- 3 ]  J .  Chern. Eng . Data , 197 1 ,  1 6 ,  340-2 .  

VARIABLES :  PREPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES : 

T/K Henry ' s  constant 
HCH /atrn 

4 

Mole fraction at 1 atm* 
xCH 4 

298 . 2  209  0 . 00478  

* Calculated by compiler assuming a linear function of PCH vs xCH , 
i . e . , xCH ( 1  atm) = 1/HCH • 4 4 

4 4 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium . The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm. pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant since surface 
adsorption was not allowed for 
although its possible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  L ' Air Liquide sample , minimum 
purity 99 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 
Serlabo sample , purity 99 mole per 
cent . 

ESTIMATED ERROR: 

o T/K = �0 . 1 ;  oH/atm = �6%  
(estimated by compiler ) • 

REFERENCES : 



Alkanes: Partia l Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane � CH4 � [ 7 4 - 8 2- 8 ] 

( 2 )  Hexadecane � c 16H 3 4 � [ 54 4-76-3 ] 

Hayduk , W . � Buckley , W . O .  

Can .  J .  Chern . Eng . 1 9 7 1 , 4 9 , 

6 6 7-6 7 1 . 

VARIABLES :  PREPARED BY : 
T/K : 2 9 8 . 15 - 3 4 8 . 15 

P/kPa : 101 . 32 5  

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 
3 2 3 . 1 5  
3 4 8 . 15 

Ostwald Coefficient 1 

L/cm 3 cm- 3 

0 . 5 0 0  
0 . 4 7 5  
0 . 46 4  

1 0riginal data . 
2Calculated by compi ler . 

W .  Hayduk 

Bunsen Coeffi cient 2 

a/cm 3 ( STP) cm- 3 atm- 1  

0 . 4 5 8  
0 . 4 0 1  
0 . 3 6 4 

Mole Fraction 1 

1 0 4 X 1 

6 0 . 2  ( 5 9 . 9 ) 3 
5 3 . 7  ( 5 5 . 2 ) 
4 9 . 9  ( 49 . 7 ) 

237 

3 The mole fraction solubility of the original data was used to determine 
the following equations for �G0 and ln x1 and table of smoothed values : 

�G0/J mol- 1 = -RT ln x1 = 5 3 . 3 8 0  T - 3 2 2 9 . 7  

ln x1 = 3 8 8 . 5/T - 6 . 4 2 0  

Std .  deviation for � G 0  = 2 0 . 4  J mol- 1 � Corre lation coe fficient = 0 . 9 9 9 9  

T/K 

2 9 8 . 15 
3 0 3 . 15 
3 1 3 . 15 
3 2 3 . 15 
3 3 3 . 15 
3 4 8 . 15 

1 . 2 6 9  
1 . 2 9 5  
1 . 3 4 9  
1 .  3 7 5  
1 .  4 5 5  
1 . 5 3 5  

5 9 . 9  
5 8 . 6  
5 6 . 3  
5 5 . 2  
5 2 . 3  
4 9 . 7  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A volumetri c method using a glas s 
apparatus was employed .  Degassed 
solvent contacted the gas while 
flowing as a thin film ,  at a 
constant rate , through an absorption 
spiral into a solution bure t .  A 
constant solvent flow was obtained 
by means of a calibrated syringe 
pump . The solution at the end of 
the spiral was considered saturate d .  
Dry gas was maintained a t  atmosphe
ric pres sure in a gas buret by 
mechanically rai sing the mercury 
leve l in the buret at an adj ustable 
rate . The solubility was calculated 
from the constant s lope of volume 
of gas di ssolved and volume of 
solvent injected . 

Degassing was accomplished using a 
two stage vacuum process described 
by Clever et a l .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS ; 

1 .  Matheson Co . Specified as 
ultra high purity grade of 
9 9 . 9 7 per cent . 

2 .  Canlab . Olefin-free grade 
of specified minimum purity of 
9 9 . 0  per cen t .  

ESTIMATED ERROR: 

oT/K = 0 . 1  

ox1/x1 = 0 . 0 1  

REFERENCES : 

1 .  C leve r ,  H . L . ; Battino , R . � 
Saylor , J .H . � Gross , P . M .  

J ,  Phy s , Ch em . 19 5 7 ,  61 , 
1 0 7 8 . 



238 Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane r CH� r  [ 7 4-82-8 ]  

2 .  llexadecane r C 1 s H 3 4 7  
[5 44-76-3]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

Cukor , P .M. r Prausnitz , J .M .  

J. Phy a .  Chern . 1972, 76 , 5 9 8-601 

PREPARED BY : 

C . L .  Young 

T/K Henry ' s  Constanta 
/atm 

Mole fraction of methaneb 
in liquid, xCH 4 

300 174 0 . 00 575 

325 19 1 0 . 00524  

350 2 0 6  0 . 00485  

375 218 0 . 00459 

400 2 2 8  0 . 00439 

425 2 3 3  0 . 00429 

450 235 0 . 00426 

475 233  0 . 00429 

a. Quoted in supplementary material for original paper 

b .  Calculated by compiler for a partial pressure of 1 atmosphere 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Volumetric apparatus similar 
to that described by Dymond and 
Hildebrand { 1 ) . Pressure measured 
with a null detector and precision 
gauge . Details in ref . ( 2 ) . 

SOURCE AND PURITY OF MATERIALS : 

No details given 

ESTIMATED ERROR: 

oT/K = ±0 . 05 r  oxCH 4 = ±2% 

REFERENCES : 
1 .  Dymond , J . ;  Hildebrand , J . H .  

Ind. Eng . Chern.  Fundarn . 1967, 6, 
130 . 

2 .  Cukor , P . M. r Prausnitz , J .M .  
Ind. Eng .  Chern. Fundarn . 1971, 1 0  
6 3 8 .  



Alkanes: Partia l Pressure of Methane u p  to 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2 - 8 ]  

2 . Hexadecane ; C 1 sH s 4 i  
[ 5 4 4 - 7 6 - 3 ]  

VARIABLES : 
Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Rivas , O . R . ; Prausnitz , J .M .  

Ind.  Eng . Chern . Fundarn . 1979 , 1 8, 

2 89 - 2 9 2 .  

PREPARED BY : 
C . L .  Young 

T/K Henry ' s  constant 
I atm 

Mole fraction at 
1 atm partial 
pressure* , xCH 4 

2 9 8 . 15 
3 73 . 15 
4 7 3 . 15 

171 . 7  
216 . 1  
231 . 7  

0 . 0 0 5 8 2 4  
0 . 0 0 4 6 2 7  
0 . 0 0 4 31 6  

* Calculated b y  compiler assuming mole fraction 
solubility linear with pressure , 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Volumetric apparatus with a fused 
quartz precision bourdon pressure 
gauge , Solubility apparatus care- No details given . 
fully thermostatted . Solvent de-
gassed in s i tu .  Apparatus described 
in source and similar to that 
described in ref ( 1 )  • 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 5 ;  oa:CH 4 = ± 1% . 

REFERENCES : 
1 .  Cukor , P .M . ; Prausnitz , J . M .  

239 

Ind .  Eng . Chern.  Fundarn . 1 9 7 1 ,  1 0 ,  

6 3 8 . 

M-1 



240 Alkanes:  Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 1 [ 74-82-8 ] 
2 .  Hexadecane ; C 1 6H s � 1 

or 
Octadecane ; C 1 eH 3 e 1 

VARIABLES :  

EXPERIMENTAL VALUES : 

[ 5 4 4-76-3 ]  

[ 5 93-45-3 ]  

ORIGINAL MEASUREMENTS : 

Richon , D . ;  Renon , H .  
J , Chern . Eng . Data 1980 , 2 5 ,  59-6 0 .  

PREPARED BY : 

c .  L .  Young 

T/K 
Limiting value of oo 

Henry ' s  constant, H 
/atm 

Mole fraction of 
methane , * 

xCH4 

298 . 1 5  

323 . 15 

* 

Hexadecane 
171 . 2  

Octadecane 
196 . 9  

0 . 0 05841 

0 . 005079 

Calculated by compiler assuming mole fraction is a linear 
function of pressure up to 1 atm . 

AUXILIARY INFOR}�TION 

METHOD I APPARATUS /PROCEDURE : 

Inert gas stripping plus gas 
chromatographic method . Details 
given in ref .  ( 1 ) . Method based 
on pas sing constant stream of inert 
gas through dissolved gas-solvent 
mixture and periodically inj ecting 
mixture into gas chromatograph . 
Henry ' s  law constant determined 
from variation of gas peak area 
with time . 

SOURCE AND PURITY OF MATERIALS : 

1 .  L 'Air Liquide sample , purity 
99 . 95 mole per cent . 

2 .  Hexadecane was a Merck sample , 
Octadecane was a Fluka sample , 
both had purities of not less 
than 99 mole per cent . 

eSTIMATED ERROR: 

oT/� = ± 0 , 05 ;  oH00 
= ±4%  

(estimated by compiler) • 

REFERENCeS : 
1 .  Leroi , J .  C . ;  Masson , J .  C . ;  

Renon , H . ; Fabries , J .  F . ;  
Sannier,  H .  Ind .  Eng . Chern .  
P�oc e s s . Des . Deve lop . 1977 , 1 6 ,  

139 . 



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2 - 8 ]  

2 .  Alkanes 

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 2  
313 . 2  
3 2 8 . 2  

3 5 3 . 2  
3 7 3 . 2  
3 9 3 . 2  

Henry ' s  law 
constant , H 

/atm 

Hexadecane ; C l 6 H s 4 ; 

1 7 9  
1 8 9  
1 9 2  

Octacosane ; C 2 a H s a ; 

1 5 7  
1 6 5  
1 7 4  

ORIGINAL MEASUREMENTS : 

Lin , P .  J . ; Parcher , J .  F .  

J .  ChPomatog . Sai .  

1 9 8 2 , 2 0 ,  3 3 - 3 8 . 

PREPARED BY : 

c . L .  Young 

Mole fraction at a partial 
pressure of 1 atmosphere 

.:rCH4 

[ 5 4 4 - 7 6- 3 ]  

0 . 0 0 5 5 9  
0 . 0 0 5 2 9  
0 . 0 0 5 2 1  

[ 6 3 0- 0 2 - 4 ] 

0 . 0 0 6 3 7 
0 . 0 0 6 0 6  
0 . 0 0 5 7 5  

Hexatriacontane ; C 3 6 H 7 4 ; [ 6 30 - 0 6 - 8 ] 

3 5 3 . 2  
3 7 3 . 2  
39 3 . 2  
4 1 3 . 2  

1 3 1  
1 3 7  
1 4 5  
1 5 3  

0 . 0 0 7 6 3  
0 . 0 0 7 3 0  
0 . 0 0 6 9 0  
0 . 0 0 6 5 4  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Henry ' s  law constant determined 
from retention volume of gas on 
a chromatographic column . Helium 
was used as a carrier gas and a 
mas s  spectrometer was used as a 
detector . The measured Henry ' s  
law constants were independent of 
sample s i z e ,  flow rate and composi
tion of inj ected sample . The dead 
volume was determined by two 
independent methods and the values 
agreed within experimental error . 

SOURCE AND PURI TY OF MATERIALS : 

No details given . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  

(estimated by compiler) . 

REFERENCES : 
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242 Alkanes: Partial  Pressure of Methane u p  to 0 .2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane; CH� ;  [ 7 4-82-8 ]  Richon , D . ; Renon , H .  
2 .  2 , 2 , 4 , 4 , 6 , 8 , 8-Heptamethyl nonane ; J . Chern.  Eng . Data 1 9 C O , 2 5 ,  59-6 0 .  

[ 4 3 90-04-9 ]  

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 

T/K Limiting value of Henry ' s  
constant, 

Mole fraction of 
methane , * 

H""/atm xCH 4 

298 . 15 32 . 8  0 . 0305  

* Calculated by compiler assuming mole fraction is a linear 
function of pressure up to 1 atm .  

AUXI LI ARY INFOR}�TION 

METHOD /APPARATUS /PROCEDURE : 

Inert gas stripping plus gas 
chromatographic method . Details 
given in ref . ( 1 ) . Method based 
on passing constant stream of inert 
gas through dissolved gas-solvent 
mixture and periodically inj ecting 
mixture into gas chromatograph . 
Henry ' s  law constant determined 
from variation of gas peak area 
with time . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  L ' Air Liquide sample , purity 
99 . 95 mole per cent . 

2 .  Sigma sample , purity not less 
than 99 mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 05 ;  oxCH� =± 4 %  

(estimated by compiler) .  

REFERENCES : 
1 .  Leroi , J .  C . ;  Masson , J .  C . ;  

Renon, H . ; Fabries , J .  F . ;  
Sannier , H .  Ind. Eng . Chern . 
Proaes s .  Des . Deve lop . 19 77 , 1 6 ,  

139 . 



Alkanes: Partial  Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH4 ; [ 74-82- 8 ]  Ng , S . ; Harris ,  H . G . ; Prausnitz , 

J .M . ; 
2 .  Octadecane ; C 1 eH 3 e ; 

[ 5 93-45-3 ]  

VARIABLES : 

Temperature 

EXPE RIMENTAL VALUES : 

T/K 

308 . 2  
323 . 2  
3 43 . 2  
3 6 3 . 2 
373 . 2  
423 . 2  

J. Chern. Engng . Data. 1969 , 1 4 .  
4 82-3 . 

PREPARED BY : 

Henry ' s  Constant,  H 
/atm .  

209 
239 
272 
255 
306 
395 

C . L .  Young 

Mole fraction+ 
of methane in 
liquid , xCH4 

0 . 004 7 8  
0 . 00418 
0 . 00368 
0 . 00392 
0 . 00327 
0 . 00253 

+ at 1 atmosphere partial pressure , calculated by 
compiler assuming mole fraction equals 1/H . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERI ALS : 

Gas chromatographic method. Solvent 1 .  
supported on Chromosorb P in 6 m 
column . Gas inj ected as sample , 
helium used as carrier gas . Henry ' s  2 .  
law constant calculated from know
ledge of retention time and flow 
rate . 

Matheson sample purity greater 
than 99 mole per cent. 

Matheson , Coleman and Bell 
sample , m .pt.  27 -2 8 . 5°C . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oH/atm = ±5% . 

REFERENCES : 
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244 Alkanes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH� : [ 74-8 2-8 ]  Ng . S . : Harris , H . G . : Prausnitz , J .M .  

J .  Chern . Engng . Da ta, 1969 ,  1 4 ,  4 8 2-3 

VARIABLES :  PREPARED BY : 

Temperature 

EXPERIMENTAL VALUES : 

T/K 

323 . 2  
373 . 2  
39 3 . 2  
4 1 3 . 2  

Henry ' s  Constant , H 
/atm 

226  
2 8 6  
301 
356 

c .  L .  Young 

* 
Hole fraction of methane 

in liquid , XCH 

0 . 00442  
0 . 0 0350  
0 . 0 0332  
0 . 00281  

� 

* At 1 atmosphere partial pressure , calculated by compiler assuming 
mole fraction equals 1/H 

AUXI LI ARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Gas chromatographic method . Solvent 
supported on Chromosorb P in 6 m 
column . Gas injected as sample , 
hel ium used as carrier gas . Henry ' s  
law constant claculated from 
knowledge of retention time and flow 
rate . 

SOURCE AND PURITY OF MATERIALS : 
1 .  Matheson sample , purity greater 
than 99 mole per cent . 

2 .  Matheson , Coleman and Bell 
sample , m .pt .  35-36 . 5oc .  

ESTIMATED ERROR: 
o T/K = �0 . 1 :  oH/atm = �5% 

REFERENCES : 



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 74-82-8 ] 

2 .  E i cosane ; C 2 o H 4 2 i [ 1 12- 9 5 - 8 ]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Chappelow , C . C . ; P rausnitz , J . M .  

Am . Ins t .  Chem . Engnrs . J .  19 74 , 
20 , 10 9 7-110 4 .  

P REPARED BY : 
C . L .  Young 

245 

T/K Henry ' s  Constanta Mole fraction b of methane 

325  

350  

375  

400  

425  

4 5 0  

4 75 

/atm 

170 

184 

19 6 

2 0 5  

2 10 

2 1 4  

2 16 

at 1 atm. partial pressure , 
XCH � 

0 . 0 0 5 8 8  

0 . 00 5 4 3  

0 . 0 0 5 10 

0 . 00 4 8 8  

0 . 0 0 476 

0 . 0 0 4 6 7  

0 . 0 0 4 6 3 

a .  Authors stated measurements were made at several pressures 
and values of solubili ty used were all within the Henry ' s  
Law region . 

b .  Calculated by compi ler assuming linear relationship between 
mole fraction and pressure . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Volumetric apparatus similar to that 
described by Dymond and Hildebrand Solvent degassed , no other details 
( 1 ) .  Pres sure measured with a null given . 
detector and precis ion gauge . Details 
in ref . ( 2 ) . 

ESTIMATED ERROR: 

cT/K = ± 0 . 1 ;  ex H 
= ±1%  c � 

REFERENCES : 
1 .  Dymond , J . ; Hildebrand , J . H .  
Ind . Eng. Chem. Fundam . 1 9 6 7 , 6, 1 3 0 .  
2 .  Cukor , P . M. ; Prausnitz , J . M .  
Ind . Eng . Chem . Fundam . 1 9 7 1 , 1 0, 6 3 8 . 



246 Alka nes: Partial Pressure of Methane up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [74-82- 8 ]  Ng , S . ;  Harris ,  H . G . ; Prausnitz , J .M .  

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

T/K 

33 3 . 2  
3 8 3 . 2  
40 8 . 2  
4 3 3 . 2  
4 53 . 2  
473 . 2  

[ 6 2 9-97-0 ]  J .  Chem . Engng . Data, 1969 , 1 4 ,  482-3 

PREPARED BY : 

C .  L .  Young 

* 
Henry ' s  Constant , H 

/atm 
Mole fraction of methane 

229  
2 6 9  
314 
338 
355 
411 

in liquid , xCH 

0 . 00437 
0 . 00372 
0 . 00318 
0 . 00296  
0 . 00282 
0 . 0 0243  

4 

* At 1 atmosphere partial pressure , calculated by compiler assuming 
mole fraction equals 1/H 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Gas chromatographic method . Solvent 
supported on Chromosorb P in 6 m 
column . Gas inj ected as sample , 
helium used as carrier gas . Henry ' s  
law constant calculated from 
knowledge of retention time and flow 
rate . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson sample ,  purity greater 
than 99 mole per cent . 

2 .  Matheson , Coleman and Bell 
sample ,  m . pt • 43-4 5°c . 

ESTIMATED ERROR: 

oT/K = ±O . l ; o H/atm = ±s% 

REFERENCES : 



Alkanes: Partia l Pressure of Methane up to 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 74- 8 2 - 8 ]  

2 .  2 , 6 , 1 0 , 15 , 19 , 2 3 , -Hexamethyl
tetracosane , (Squalane) ; C s o H s 2 1 
[ 1 11-01- 3 ]  

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Chappelow , C . C . ; Prausnit z ,  J . M .  

Am . Ins t .  Chern . Engnrs . J .  1 9 7 4 , 
2 0 ,  10 9 7- 1 10 4 . 

PREPARED BY : 

C . L . Young 

247 

T/K Henry ' s  Constanta 

/atm 
Mole fractionb of methane 
at 1 atm . partial pressure , 

3 0 0  

3 2 5  

3 5 0  

3 7 5  

4 0 0  

4 2 5  

4 5 0  

4 7 5  

111 

124 

135 

144  

15 1 

156  

160 

1 6 3  

xCH 4 

0 . 00 9 0 1  

0 . 0 0 8 0 6  

0 . 00 7 4 1  

0 . 0 0 6 9 4  

0 . 0 0 6 6 2  

0 . 0 0 6 4 1  

0 . 0 0 6 2 5  

0 . 0 0 6 1 3  

a .  Authors stated measurements were made at several pressures 
and values of solubility used were all within the Henry ' s  
Law region . 

b .  Calculated by compiler assuming linear relationship between 
mole fraction and pressure . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Volumetric apparatus similar to that 
described by Dymond and Hildebrand 
( 1 ) . Pressure measured with a null 

detector and precision gauge . Details 
in ref . ( 2 ) . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oxCH4 = ± 1 %  

REFERENCES : 
1 .  Dymond , J . ; Hildebrand , J . H .  
Ind . Chem . Eng . Fundam . 1 9 6 7 , 6, 1 3 0 . 
2 .  Cukor , P . M . ; Prausnitz , J . M .  
Ind. Chem . Eng . Fundam . 1 9 7 1 , 1 0, 6 3 8 . 



248 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : EVALUATOR : 

1 .  Methane ; CH4 ; Colin L .  Young , [ 74-82-8 ]  

[ 74-84-0 ]  
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 305 2 ,  
Australia . 
February 1984 

EVALUATION : 

Measurements on this system have recently been evaluated by Hiza , 
Miller and Kidnay ( 1 ) . Some of the data on this system are perhaps more 
correctly considered as vapor-liquid equilibrium data rather than gas
liquid solubility since the gas-liquid critical temperatures of methane 
and ethane are 190 . 6  K and 305 . 3  K ,  respectively . 

The data of Uehara ( 2 )  were determined using a static experimental 
technique . Six solubility measurements were made between 140  and 155 K 
at a total pressure of 10 5 Pa . These data are rejected in the light of 
more recent data in which the partial pressures have been determined . 
The data of Ruhemann ( 3 )  and Guter , Newitt and Ruhemann ( 4 )  are not 
presented here . This early work appears to be in disagreement with more 
recent work and the experimental data show considerable scatter . These 
workers used a flow method and determined the solubility at 169 K ,  185  K ,  
195  K and 2 7 3  K at a series o f  pressures between 10 5  and 8 . 3  x 10 6 Pa. 

Michels and Nederbragt ( 5 )  made a very brief study of this system at 
273  K and their data are rej ected . Levitskaya ( 6 )  used a recirculating 
flow method to study this system at 178  K and 188  K ;  only three data 
points were given and the data are also re jected because of their limited 
nature . 

The most extensive study of this system is that of Wichterle and 
Kobayashi ( 7 )  which covers the temperature range from 139 K to 200 K .  
Their data are believed to be accurate and are classified as recommended . 
Their measurements were carried out using a recirculating vapor flow 
apparatus . The data of Bloomer and coworkers ( 8 )  were determined using 
a dew-point/bubble-point apparatus over the temperature range 140 K to 
300  K. This type of apparatus in general is not the most accurate for 
determining gas-liquid solubilities and the data are classified as 
tentative . 

Wilson ( 9 )  and Miller and Staveley ( 10 )  investigated this system at 
111 K and 116  K, respectively ; their measurements are believed to be of 
high quality but are more correctly considered as vapor-liquid equilibrium. 
Therefore , these data are not considered further . The data of Kidnay and 
coworkers ( 11 ) , ( 1 2 ) , ( 1 3 )  are thought to be reliable . The apparatus 
used was of proven design and high purity materials were used in each 
study . The data of Kidnay and coworkers are in good agreement with those 
of Wichterle and Kobayashi ( 7 )  and are classified as recommended . 

The limited data of Price and Kobayashi (14 ) are of moderate pre-
cision and their data at 227 . 9 5 K are classified as tentative . The 
limited data of Chang and Lu ( 1 5 )  are rejected , being superseded by the 
more accurate and more extensive data of Wichterle and Kobayashi ( 7 ) . 

The data of Hsi and Lu ( 1 6 )  deviate somewhat from values obtained 
by extrapolation of the data of Wichterle and Kobayashi ( 7 )  and the 
former data are classified as doubtful . The data of Skripka e t  a l .  ( 17 )  
are in fair agreement with the data of  Wichterle and Kobayashi ( 7 )  and 
are classified as tentative . 
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250 Alkanes: Pressure Greater Tha n  0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4 - 8 2 - 8 ]  

2 .  Ethane ; C 2H s 1 [ 7 4 - 8 4 - 0 ]  

VARIABLES :  

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Bloomer , o .  T . ; Gami , D .  C . ; 

Parent , J .  D .  

Ins t .  Gas Teah.  Re s .  Bu Z Z .  no . 22 , 
19 5 3 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
T/K P/psia P/MPa in liquid , in vapor , 

XCH4 YcH 4 

149 . 8 2 -190 . 0 0 54 . 1  0 . 3 7 3  - 0 . 9 7 5 0  
159 . 8 2 -17 2 . 0 0 109 . 0  0 . 7 5 1  - 0 . 9 7 5 0  
16 8 . 7 1 -156 . 0 0 18 5 . 8  1 .  2 8 1  - 0 . 9 7 5 0  
177 . 0 4 -141 . 0 0 2 9 3 . 1  2 . 0 21 - 0 . 9 7 5 0  
183 . 15 -130 . 0 0 3 9 3 . 5  2 .  713  - 0 . 9 7 5 0  
192 . 5 9 -113 . 0 0 5 7 9 . 5  3 . 9 9 6  - 0 . 9 7 4 6  

6 6 7 . 5  4 . 6 0 2  0 . 9 7 4 6  -
2 0 9 . 2 6 -115 . 00 5 5 8 . 0  3 . 8 4 7  - 0 . 9 7 4 6  

6 4 6 . 5  4 . 4 5 7  0 . 9 7 4 6  -
188 . 15 -121 . 0 0 4 8 2 . 0  3 . 3 2 3  - 0 . 9 7 4 6  

5 8 5 . 5  4 . 0 3 7  0 . 9 7 4 6  -
183 . 15 -130 . 0 0 387 . 0  2 . 6 6 8  - 0 . 9 7 4 6  

503 . 1  3 . 4 6 9  0 . 9 7 4 6  -
16 9 . 82 -154 . 0 0 323 . 2  2 . 2 28  0 . 9 7 4 6  -
16 1 . 4 8 -16 9 . 0 0 2 3 7 . 2  1 .  6 3 5  0 . 9 7 4 6  -

150 . 9 3 -18 8 . 00 15 2 . 9  1 .  0 5 4  0 . 9 7 4 6  -
138 . 7 1 -210 . 0 0 8 5 . 0  0 . 5 8 6  0 . 9 7 4 6  -
194 . 26 -110 . 0 0 6 23 . 3  4 . 2 9 8  - 0 . 9 7 4 6  

6 9 4 . 5  4 . 7 8 9  0 . 9 7 4 6  -
195 . 3 7 -10 8 . 0 0 6 6 9 . 4  4 . 6 15 - 0 . 9 7 4 6  

713 . 3  4 . 918  0 . 9 7 4 6  -
213 . 6 8 -107 . 0 4 6 9 0 . 5  4 . 7 6 1  - 0 . 9 7 4 6  

( cont . )  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Bubble point-dew point apparatus 

with glass equilibrium cell . 

Temperature measured with copper-

constantan thermocouple . Pressure 

measured using a Bourdon pressure 

gauge . Dew point and bubble 

points observed visually . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . pure 
grade sample , distilled; final 
purity better than 9 9 . 9  mole 
per cent ; maj or impurity 
nitrogen . 

2 .  Phillips Petroleum Co . sample ; 
no impurities detected by mass 
spectrometry . 

ESTIMATED ERROR: 

oT/K = ±0 . 15 ;  oP/MPa = ± 0 . 0 3 

or less . 

REFERENCES : 



Alkanes: Pressure G reater Than 0.2 MPa 251 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane 1 CH � 1 [ 74 - 8 2- 8 ]  Bloome r ,  o . ·  T . 1 Gami , D .  C - 7 

2 .  Ethane 1 C 2H s 1 [ 74-84-0 ] Parent , J .  D .  

Ina t .  Gas Te a h .  Re a .  Bu Z Z .  no . 22 , 

19 5 3 .  

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K T/° F  P/psia P/MPa in liquid , in vapor ,  
xCH � YcH� 

213 . 6 8 -107 . 04 715 . 5  4 . 9 3 3  0 . 9 7 4 6  -
2 0 5 . 3 7 -90 . 0 0 6 0 3 . 6

a 
4 . 16 2  - 0 . 9 2 5 0  

7 92 . 2  5 . 4 6 2  0 . 9 2 5 0  -
2 0 4 . 82 - 91 . 0 0 7 8 8 . 1: 5 . 4 34  0 . 92 5 0  -
2 0 4 . 26 - 92 . 0 0 7 84 . 3  5 . 4 0 8  0 . 9 2 5 0  -
2 0 2 . 59 - 9 5 . 0 0 7 6 8 . 3  5 . 2 9 7  0 . 9 2 5 0  -
19 9 . 82 -100 . 00 7 2 8 . 7  5 . 02 4  0 . 9 2 5 0  -
196 . 4 8 -106 . 0 0 6 72 . 7  4 . 6 3 8  0 . 9 2 5 0  -
192 . 04 -114 . 00 6 02 . 1  4 . 15 1  0 . 9 2 5 0  -
185 . 9 3 -125 . 00 5 0 8 . 4  3 . 5 0 5  0 . 9 2 5 0  -
17 8 . 71 -138 . 0 0  4 0 7 . 5  2 . 810 0 . 9 2 5 0  -
171 . 4 8  -15 1 . 0 0  321 . 5  2 . 2 17 0 . 9 2 5 0  -
162 . 04 -16 8 . 00 2 2 8 . 6  1 .  5 7 6  0 . 9 2 5 0  -
151 . 4 8 -18 7 . 0 0 1 4 8 . 2  1 . 022  0 . 9 2 5 0  -
140 . 4 3 -206 . 89 8 8 . 2  0 . 6 0 8  0 . 9 2 5 0  -
160 . 9 3 -170 . 0 0  4 7 . 0  0 . 324  - 0 . 9 2 5 0  
175 . 37 -144 . 0 0 116 . 0  0 . 8 0 0  - 0 . 9 2 5 0  
185 . 37 -126 . 00 2 06 . 4  1 . 42 3  - 0 . 9 2 5 0  
193 . 15 -112 . 0 0 312 . 8  2 . 15 7  - 0 . 9 2 5 0  
198 . 71 -102 . 0 0 4 2 0 . 0  2 . 8 9 6  - 0 . 9 2 5 0  
2 0 2 . 5 9 - 9 5 . 0 0 519 . 1  3 . 5 7 9  - 0 . 9 2 5 0  
2 0 7 . 04 - 8 7 . 00 6 8 9 . 7  4 . 7 5 5  - 0 . 9 2 5 0  
2 0 7 . 37  -86 . 4 0 712 . 7b 4 . 9 14 - 0 . 9 2 5 0  
2 07 . 34 - 8 6 . 4 6 7 8 0 . 3b 5 . 38 0  - 0 . 9 2 5 0  
2 07 . 07 - 8 6 . 94 7 85 . 9b 5 . 4 0 5  - 0 . 9 2 5 0  
2 0 6 . 2 6 -8 8 . 4 0 7 9 3 . 8a 

5 . 4 7 3  - 0 . 9 2 5 0  
218 . 71 -66 . 00 8 88 . 6a 6 . 12 7  0 . 8 5 16 -
217 . 5 9 - 6 8 . 00 8 81 . 1  6 . 07 5  0 . 8 5 1 6  -
216 . 4 8 -70 . 00 8 7 4 . 7  6 . 0 31 0 . 8516  -
215 . 37 - 7 2 . 0 0 8 6 7 . 1  5 . 9 78  0 . 8516  -
213 . 71 -75 . 00 8 4 9 . 8  5 . 859  0 . 8516  -
210 . 9 3 - 8 0 . 0 0 814 . 0  5 . 612 0 . 8516  -
2 0 5 . 37  -9 0 . 0 0 7 31 . 1  5 . 04 1  0 . 8 5 1 6  -
19 8 . 71 -102 . 0 0 6 30 . 9  4 . 35 0  0 . 8516  -
190 . 93 -116 . 00 519 . 8  3 . 5 8 4  0 . 8516  -
1 8 3 . 15 -130 . 0 0 4 17 . 1  2 . 87 6  0 . 8516  -
172 . 04 -150 . 0 0 4 9 . 4  0 . 3 4 1  - 0 . 8 5 16 
185 . 9 3 -125 . 0 0 109 . 3  0 . 7 5 4  - 0 . 8 5 16 
1 9 8 . 71 -102 . 0 0 2 0 9 . 0  1 . 4 4 1  - 0 . 8 5 16 
174 . 26 -14 6 . 0 0 3 2 0 . 6  2 . 211  0 . 8 516 -
1 6 4 . 26 -164 . 0 0 2 2 6 . 9  1 .  5 6 4  0 . 8 5 16 -
153 . 15 -184 . 0 0 146 . 6  1 .  011 0 . 8516  -
14 2 . 04 -204 . 00 8 8 . 6  0 . 6 11 0 . 8 5 16 -
2 0 7 . 04 - 8 7 . 00 313 . 5  2 . 16 2  - 0 . 8516  
213 . 15 - 7 6 . 0 0 4 2 0 . 1  2 . 8 9 6  - 0 . 8516  
217 . 0 4 -6 9 . 00 5 0 8 . 3  3 . 5 0 5  - 0 . 8 5 16 
2 2 0 . 37  -6 3 . 0 0 6 0 7 . 4  4 . 18 8  - 0 . 8 5 16 
222 . 5 9 - 5 9 . 00 7 0 3 . 3  4 . 8 4 9  - 0 . 8 5 16 
22 3 . 4 3 -57 . 50 7 6 1 .  6b 5 . 2 5 1  - 0 . 8 5 1 6  
2 2 2 . 87 - 5 8 . 50 8 6 5 . 7b 5 . 9 6 9  0 . 8516  -
2 2 2 . 0 4 -6 0 . 0 0 8 7 8 . 4b 6 . 05 6  0 . 8516  -

2 20 . 9 3 - 6 2 . 00 8 8 6 . 6b 6 . 113  0 . 8 5 16 -

219 . 82 -64 . 00 8 8 7 . 8 6 . 12 1  0 . 8516  -
2 3 8 . 71 -30 . 00 5 5 3 . 8  3 . 818  - 0 . 7 0 0 0  
2 4 0 . 9 3 - 2 6 . 0 0 6 10 . 8  4 . 2'11 - 0 . 7 0 0 0  
2 4 4 . 2 6  -20 . 00 718 . 9  4 . 95 7  - 0 . 7 0 0 0  

( cont . )  



252 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ]  Bloomer,  o .  T • ; Gami , D .  c . ; 

2 .  Ethane ; C 2H 6 ; [ 74-84-0 ]  Parent , J .  D .  
Ins t .  Gas Tea h .  Re s .  Bu Z Z .  no . 2 2 ,  

195 3 .  

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K TjCF  P/psia P/MPa in liquid , in vapor,  
xCH 4 YcH4 

245 . 9 3 -17 . 00 802 . 9  5 . 5 3 6  - 0 . 7000  
246 . 32 -16 . 30 834 . 9b 5 . 75 6  - 0 . 7000  
2 4 6 . 32 -16 . 30 8 9 4 . 7b 6 . 16 9  - 0 . 7000 
24 5 . 37 -18 . 00 9 4 1 .  9b 6 . 494  - 0 . 7000 
2 4 4 . 2 6  -20 . 00 963 . 3b 6 . 6 4 2  - 0 . 7000 
2 42 . 04 -2 4 . 00 97 8 . 2a 6 . 74 5  - 0 . 7000 
2 37 . 04 -33 . 00 973 . 4  6 .  711  0 . 7000 -
234 . 82 -37 . 00 96 5 . 3  6 . 6 5 6  0 . 7000 -
232 . 04 -4 2 . 00 94 8 . 1  6 . 5 37 0 . 7000 -
227 . 59 -50 . 00 89 9 . 9  6 . 2 05 0 . 7000 -
219 . 2 6 - 6 5 . 00 7 8 8 . 9  5 . 4 3 9  0 . 7000  -
2 10 . 9 3 -80 . 00 67 3 . 9  4 . 6 46  0 . 7000 -
202 . 5 9  -95 . 00 5 65 . 4  2 . 519 0 . 7000 -
183 . 15 -130 . 00 4 9 . 2  0 . 339 - 0 . 7000 
199 . 82 -100 . 00 109 . 7  0 . 75 6  - 0 . 7000 
214 . 82 -7 3 . 00 210 . 2  1 .  4 4 9  - 0 . 7000  
225 . 9 3 -53 . 00 325 . 5  2 . 2 4 4  - 0 . 7000  
2 3 3 . 15 -40 . 00 4 39 . 3  3 . 02 9  - 0 . 7000 
194 . 2 6 -110 . 00 4 6 4 . 3  3 . 20 1  0 . 7000  -
184 . 2 6 -12 8 . 00 35 6 . 3  2 . 4 57 0 . 7000 -
173 . 71 -147 . 00 2 6 0 . 3  1 . 7 95 0 . 7000 -
170 . 21 -153 . 29 2 32 . 3  1 . 60 2  0 . 7000 -
16 0 . 19 -171 . 32 16 3 . 3  1 . 12 6  0 . 7000 -
145 . 4 7  -197 . 82 88 . 3  0 . 6 09 0 . 7000 -
244 . 2 6  -2 0 . 00 346 . 2  2 . 3 87  - 0 . 5002 
2 4 4 . 26 -50 . 00 85 0 . 7  5 . 86 5  0 . 5002 -
227 . 59 -50 . 00 66 0 . 0  4 . 5 51  0 . 5002 -
216 . 4 8 -70 . 00 54 1 . 0  3 . 370  0 . 5002 -
205 . 37 -90 . 00 4 3 3 . 3  2 . 9 8 7  0 . 5002 -
194 . 2 6  -110 . 00 334 . 3  2 . 3 05 0 . 5002 -
25 2 . 5 9 -5 . 00 4 5 6 . 2  3 . 14 5  - 0 . 5002  
2 5 8 . 15 +5 . 00 5 4 8 . 7  3 . 7 8 3  - 0 . 5002  
266 . 4 3 +19 . 92 75 0 . 5  5 . 175 - 0 . 5002 
26 4 . 71 +24 . 00 8 44 . 7b 5 . 8 2 4  - 0 . 5002  
2 6 8 . 62 +2 3 . 8 4 926 . 2b 6 . 3 8 5  - 0 . 5002 
265 . 9 8 +19 . 10 970 . 0  6 . 6 8 8  - 0 . 5002 
197 . 04 -105 . 00 55 . 5  0 . 3 8 3  - 0 . 5002  
210 . 93 -80 . 00 101 . 5  0 . 700  - 0 . 5002  
222 . 0 4 -60 . 00 157 . 8  1 .  0 8 8  - 0 . 5002 
233 . 15 -40 . 00 2 36 . 0  1 . 6 2 7  - 0 . 5002 
180 . 37 -135 . 00 231 . 0  1 . 5 9 3  0 . 5002  -
169 . 2 6  -155 . 00 165 . 6  1 . 14 2  0 . 5002 -
153 . 7 3 -182 . 96 9 6 . 8  0 . 6 6 7  0 . 5002 -
2 6 3 . 15 +14 . 00 64 9 . 4  4 . 4 77  - 0 . 5002  
2 6 6 . 4 8 +20 . 00 74 4 . 4  5 . 132  - 0 . 5002  
2 5 8 . 15 +5 . 00 5 4 8 . 7a 3 . 78 3  - 0 . 5002  
2 6 3 . 15 +14 . 00 981 . 4a 6 . 76 7  0 . 5002  -
264 . 2 6  +16 . 00 97 8 . 2  6 . 7 4 4  0 . 5002 -
2 6 1 . 4 8  +11 . 0 0  98 3 . 9  6 . 7 84  0 . 5002 -
259 . 26 +7 . 00 981 . 9  6 .  770  0 . 5002  -
254 . 84 -0 . 95 952 . 6  6 . 5 6 8  0 . 5002 -
205 . 37 -10 . 00 901 . 4  6 . 215  0 . 5002 -
244 . 2 6 -2 0 . 00 8 4 5 . 0  5 . 82 6  0 . 5002 -
235 . 9 3  -35 . 00 751 . 6  5 . 1 82 0 . 5002  -
2 3 0 . 37 -45 . 00 149 . 1  1 . 02 8  - 0 . 3002 

4 4 2 . 0  3 . 0 4 7  0 . 3002 -
216 . 4 8 -70 . 00 338 . 7  2 . 33 5  0 . 3002 -

{cont . )  

-, 



Alkanes:  Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2 - 8 ]  

2 .  Ethane ; C 2 H 6 ; [ 7 4- 8 4 - 0 ]  

EXPERIMENTAL VALUES :  

T/K T/° F  P/psia 

2 0 2 . 5 9 - 9 5 . 0 0  2 5 0 . 9  
1 8 8 . 7 1 -1 2 0 . 0 0 1 7 8 . 6  
1 7 2 . 4 0 - 1 4 9 . 3 5 1 12 . 9  
2 02 . 5 9 - 9 5 . 0 0  5 0 . 7 
216 . 4 8 - 7 0 . 0 0  9 0 . 2  
2 3 0 . 3 7 - 4 5 . 0 0 1 4 8 . 9  
2 4 4 . 2 6 -2 0 . 0 0 2 3 4 . 2  
2 5 5 . 3 7 0 . 0 0 3 2 6 . 9  
2 6 6 . 4 8  +2 0 . 0 0 4 4 9 . 1  
2 7 3 . 15 +32 . 0 0 5 4 3 . 4  
2 7 8 . 7 1 + 4 2 . 0 0 6 3 8 . 3  
2 8 3 . 15 + 5 0 . 0 0 7 3 8 . 4  
2 8 5 . 3 7 +54 . 0 0 8 15 . 4b 
2 8 5 . 11 + 5 3 . 5 3 8 7 0 . 4

a 
2 8 3 . 7 1 +51 . 0 0 8 8 8 . 8  
2 8 0 . 9 3 + 4 6 . 0 0 6 8 5 . 3  
2 8 0 . 2 3 + 4 4 . 7 5 8 9 9 . 8  
2 7 9 . 0 9 + 4 2 . 7 0 8 9 4 . 3  
2 7 4 . 5 5 + 3 4 . 5 2 8 5 8 . 8  
2 6 6 . 4 8 +2 0 . 0 0 7 7 7 . 3  
2 5 2 . 5 9  - 5 . 0 0 6 3 8 . 8  
2 4 2 . 0 4 - 2 4 . 0 0 5 3 8 . 8b 
2 8 5 . 0 3 + 5 3 . 3 9 8 7 2 . 3a 
2 8 4 . 2 6 +52 . 0 0 8 8 8 . 3

a 
2 82 . 5 9 +4 9 . 0 0 8 9 8 . 3  
2 0 4 . 2 6 - 9 2 . 0 0 4 5 . 8  
216 . 4 8 - 7 0 . 0 0 7 4 . 5  
2 3 2 . 0 4 - 4 2 . 0 0 1 2 9 . 9  
2 4 5 . 9 3 -1 7 . 0 0 2 0 0 . 6  
2 5 5 . 3 7 0 . 0 0 2 6 3 . 5  
2 6 6 . 4 8 +20 . 0 0 3 5 6 . 2  
2 7 5 . 9 3 + 3 7 . 0 0 4 5 4 . 9  
2 8 3 . 1 5 + 5 0 . 0 0 5 4 6 . 6  
2 8 9 . 82 + 6 2 . 0 0 6 4 7 . 5  
2 9 4 . 2 6 + 7 0 . 0 0 7 3 4 . 0  
2 9 5 . 6 5 +72 . 5 0 7 7 4 . 0  
2 9 3 . 7 1 +6 9 . 0 0 7 2 0 . 1  

8 0 9 . 3  
2 8 6 . 9 4 + 5 6 . 8 3 7 4 9 . 6  
2 8 0 . 9 3 +4 6 . 0 0 6 8 4 . 9  
2 7 1 . 4 8 +2 9 . 0 0 5 8 7 . 6  
2 6 3 . 1 5 +14 . 0 0 5 0 8 . 1  
2 5 4 . 82 - 1 . 0 0 4 3 7 . 9  
2 4 5 . 9 3 -17 . 0 0 3 7 0 . 6  
2 1 6 . 4 8 - 7 0 . 0 0 2 0 1 . 6  
2 0 2 . 5 9 - 9 5 . 0 0 1 4 5 . 2  
1 8 5 . 9 3 -1 2 5 . 0 0 9 3 . 9  
1 7 2 . 0 4 - 1 5 0 . 0 0 6 1 . 9  
16 0 . 9 3 - 1 7 0 . 0 0 4 0 . 6  
2 0 2 . 5 9 - 9 5 . 0 0 4 2 . 4  
2 1 6 . 4 8 -7 0 . 0 0  7 4 . 5  
2 3 2 . 0 4 - 4 2 . 0 0 12 9 . 7  
2 4 5 . 9 3 -1 7 . 0 0 2 0 0 . 4  

3 7 0 . 6  
2 3 0 . 3 7 - 4 5 . 0 0 2 7 0 . 9  
2 16 . 4 8  - 7 0 . 0 0 2 0 1 . 2  

ORIGINAL MEASUREMENTS : 

P/MPa 

1 .  7 2 9  
1 . 2 3 1  
0 .  7 7 8  
0 . 3 5 0  
0 . 6 2 2  
1 . 0 2 7  
1 . 6 1 5  
2 . 2 5 4  
3 . 0 9 6  
3 . 7 4 7  
4 . 4 0 1  
5 . 0 9 1  
5 . 6 2 2  
6 . 0 0 1  
6 . 1 2 8  
4 .  7 2 5  
6 . 2 0 4  
6 . 16 6  
5 . 9 2 1  
5 . 3 5 9  
4 . 4 0 4  
3 .  7 1 5  
6 . 0 1 4  
6 . 12 5  
6 . 8 2 1  
0 . 3 1 6  
0 . 5 1 4  
0 . 8 9 6  
1 .  3 8 3  
1 .  8 1 7  
2 . 4 5 6  
3 . 1 3 6  
3 . 7 6 9  
4 . 4 6 4  
5 . 0 6 1  
5 . 3 3 7  
4 . 9 6 5  
5 . 5 8 0  
5 . 1 6 8  
4 .  7 2 2  
4 . 0 51 
3 . 5 0 3  
3 . 0 1 9  
2 . 5 5 5  
1 .  3 9 0  
1 . 0 0 1  
0 . 6 4 7  
0 . 4 2 7  
0 . 2 8 0  
0 . 2 9 2  
0 . 5 1 4  
0 . 8 9 4  
1 .  3 8 2  
2 . 5 5 5  
1 .  8 6 8  
1 .  3 8 7  

Bloomer , o .  T . ; Gami , D .  c . ;  
Parent , J .  D .  

Ins t .  Ga s Tea h .  Re s .  Bu Z Z .  no . 

1 9 5 3 .  

Mole fraction of methane 
in l iquid , in vapor , 

xCH 4 YcH 4 

0 . 3 0 0 2  -
0 . 3 0 0 2  -
0 . 3 0 0 2  -

- 0 . 3 0 0 2  
- 0 . 3 0 0 2  
- 0 . 3 0 0 2  
- 0 . 3 0 0 2  
- 0 . 3 0 0 2  
- 0 . 3 0 0 2  
- 0 . 3 0 0 2  
- 0 . 3 0 02 
- 0 . 3 0 0 2  
- 0 . 3 0 0 2  

0 . 3 0 0 2  -
- 0 . 3 0 0 2  

0 . 3 0 0 2 -
0 . 3 0 0 2 -
0 . 3 0 0 2  -
0 . 3 0 0 2  -
0 . 3 0 0 2  -
0 . 3 0 0 2 -
0 . 3 0 0 2  -

- 0 . 2 9 9 8  
0 . 2 9 9 8  -
0 . 2 9 9 8  -

- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 15 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  
- 0 . 1 5 0 7  

0 . 15 0 7  -
0 . 1 5 0 7  -
0 . 1 5 0 7  -
0 . 1 5 0 7  -
0 . 1 5 0 7  -
0 . 1 5 0 7  -

0 . 15 0 7  -
0 . 1 5 0 7  -
0 . 1 5 0 7  -

0 . 15 0 7  -
0 . 15 0 7  -
0 . 15 0 7  -

- 0 . 1 4 9 8  
- 0 . 14 9 8  
- 0 . 1 4 9 8  
- 0 . 14 9 8  

0 . 14 9 8  -
0 . 1 4 9 8  -

0 . 1 4 9 8  -

( cont . )  
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254 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 7 4-82-8 ] Bloomer,  o .  T • ; Gami , D .  c . ; 

2 .  Ethane ; C2H 6 ; [ 7 4-84-0 ]  Parent , J .  D .  

Ins t .  Gas Te a h .  Res .  Bu Z Z .  no . 2 2 , 

195 3 .  --

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K T/°F P/psia P/MPa in liquid , in vapor , 
xCH� YcH � 

2 02 . 59 -95 . 00 144 . 7  0 . 99 8  0 . 14 9 8  -
289 . 82 +62 . 00 6 48 . 9  4 . 4 74  - 0 . 1498  
294 . 2 6 +70 . 00 735 . 0  5 . 0 6 8  - 0 . 1498  
29 5 . 65 +72 . 50  769 . lb 5 . 30 2  - 0 . 1498  
29 5 . 54 +72 . 30  798 . 4a 5 . 505  - 0 . 1498  
295 . 37  +72 . 00 802 . 1  5 . 53 0  0 . 1498  -
294 . 82 +71 . 00 805 . 9a 5 . 55 6  0 . 1498  -
29 3 . 71 +69 . 00 8 10 . 1  5 . 5 8 5  0 . 14 9 8  -
292 . 04 +66 . 00 799 . 4  5 . 512  0 . 14 9 8  -
287 . 9 9 +58 . 71 760 . 8  5 . 2 4 6  0 . 1498  -
208 . 15 -85 . 00 4 6 . 9  0 . 32 3  - 0 . 0500 
222 . 04 -60 . 00 80 . 7  0 . 556  - 0 . 0500 
235 . 9 3  -35 . 00 129 . 6  0 . 8 9 4  - 0 . 05 0 0  
249 . 82 -10 . 00 197 . 4  1 .  3 61  - 0 . 0500 
263 . 7 1 +15 . 00 2 89 . 1  1 .  993  - 0 . 0500 
273 . 9 3  +33 . 4 0 374 . 7  2 . 5 8 3  - 0 . 0500  
284 . 2 6 +52 . 00 3 80 . 1  2 . 6 21  - 0 . 0500 
293 . 15 +6 8 . 00 5 89 . 6  4 . 06 5  - 0 . 0500 
2 99 . 82 +80 . 00 68 7 . 9  4 . 7 4 3  - 0 . 0500 
296 . 5 9 +74 . 20 638 . 7  4 . 4 0 4  - 0 . 0500 
2 9 6 . 79 +74 . 5 5 6 87 . 0  4 . 7 37 0 . 0500 -
289 . 82 +62 . 00 601 . 2  4 . 1 4 5  0 . 0500 -
282 . 04 +48 . 00 520 . 4  3 . 5 8 8  0 . 0500 -
272 . 04 +30 . 00 424 . 6  2 . 92 8  0 . 0500 -
2 60 . 93 +10 . 00 333 . 9  2 . 30 2  0 . 0500 -
2 4 7 . 04 -15 . 00 2 42 . 4  1 . 67 1  0 . 0500 -
2 3 0 . 37 -4 5 . 00 160 . 0  1 . 10 3  0 . 0500 -
2 10 . 93 -80 . 0 0 93 . 5  0 . 6 4 5  0 . 0500 -
188 . 71 -120 . 00 4 6 . 7  0 . 32 2  0 . 0500 -
302 . 12 +84 . 15 7 3 4 . 9a 5 . 06 7  - 0 . 0500 

739 . 4  5 . 09 8  0 . 0500 -
301 . 4 8  +8 3 . 00 74 3 . 4  5 . 12 6  0 . 0500 -
300 . 37 +81 . 00 731 . 9  5 . 0 46  0 . 0500 -
298 . 71 +78 . 00 7 12 . 4  4 . 912 0 . 0500 -

a Phase boundary disappeared .  

b Second (upper )  dew point . 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2 - 8 ]  

2 .  Ethane ; C 2 H s ; [ 7 4 - 8 4 - 0 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

2 2 7 . 5 9 1 .  3 8  
2 . 7 6 
4 . 14 
5 . 5 2 

1 9 9 . 8 2 0 . 6 8 9  
1 .  3 8  
2 . 7 6 
4 . 14 

17 2 . 0 4 0 . 6 8 9  
1 .  3 8  

1 4 4 . 2 6 0 . 6 8 9  

ORIGINAL MEASUREMENTS : 

Price , A .  R . ; Kobayashi , R .  

J .  Chern . Engng . Da ta 

1 9 5 9 1 4 1  4 0- 5 2  o 

P REPARED BY : 

c . L .  Young 

Mole fraction of methane 
in liquid,  in vapor , 

xCH4 YcH4  

0 . 0 9 6 8  
0 . 2 8 2  
0 . 4 3 8  
0 . 6 2 2  
0 . 1 0 1  
0 . 2 5 0  
0 . 5 2 8  
0 . 7 8 4  
0 . 2 5 1  
0 . 5 6 1  
0 . 8 3 3  

0 . 5 0 5  
o .  7 2 4  
0 . 8 0 0  
0 . 8 3 2  
0 . 6 8 0  
0 . 8 1 4  
0 . 9 1 6 5  
0 . 9 4 9 8  
0 . 9 31 2  
0 . 9 7 0  
0 . 9 9 6 5  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus 

with modified Jerguson sight gauge 

for equilibrium cell . Vapor 

recycled with magnetic pump . 

Pressure measured with Bourdon 

pressure gauge and temperature 

measured with thermocouple . Detail s  

in source . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Phillips P etroleum Co . research 

grade , purity 9 9 . 5  mole per cent . 

2 .  Phillips Petroleum co . research 

grade , purity 9 9 . 9  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 6 ;  oP/MPa = ± 1 % ; 

OXCH4 ' oyCH4 = ± 2 %  ( estimated by 

compiler ) .  
REFERENCES : 
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COMPONENTS : 

1 .  Methane 1 CH- 1  [ 7 4 - 8 2 - 8 ]  

2 .  Ethane ; C 2H s ; [ 7 4 - 8 4- 0 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K Bubble pt . pressure 

(T/ ° C )  P/kg f cm- 2 P/MPa 

1 2 3 . 2  0 . 0 0 5  0 . 0 0 0 5  
( - 1 5 0 )  0 . 1 1 0 . 0 1 0 8  

0 . 4 8 0 . 0 4 7  
0 . 9 9 0 . 0 9 7  
1 .  5 2  0 . 1 4 9  
2 . 02 0 . 19 8  
2 . 2 3 0 . 2 1 9  
2 . 4 3 0 . 2 3 8  

1 3 3 . 2  0 . 0 2 0 . 0 0 2  
( -1 4 0 )  0 . 3 0 0 . 0 2 9  

1 . 1 0 0 . 10 8  
2 . 0 6 0 . 2 0 2  
2 . 9 2 0 . 2 8 6  
3 . 7 4 0 . 3 6 7  
4 . 3 2 0 . 4 2 4  
4 . 5 1 0 . 4 4 2  

14 3 . 2  0 . 0 5 0 . 0 0 5  
( - 1 3 0 )  0 . 5 0 0 . 0 4 9  

1 .  7 9  0 . 1 7 6  
3 . 4 3 0 . 3 3 6  
4 . 8 9 0 . 4 8 0  
6 . 2 4 0 . 612 
7 . 3 6 0 . 7 2 2  
7 . 6 7 0 . 7 5 2  

ORIGINAL MEASUREMENTS : 

Skripka , V .  G . ; Nikitina , I .  E . ; 
Zhdanovich , L .  A . ; Sirotin , A .  G . ; 
Benyaminovich , 0 .  A .  

Ga z o v . Prom . 

1 9 7 0 ,  1 5 ,  3 5- 3 6 . 

PREPARED BY : 

C .  L .  Young 

Dew pt . pressure 

P/kg f cm- 2 P/MPa 

0 . 0 0 5  0 . 0 0 0 5  
- -
- -
- -
- -
- -
- -

2 . 4 3 0 . 2 3 8  
0 . 0 2 0 . 0 0 2  

- -
- -

- -

- -
- -
- -

4 . 5 1 0 . 4 4 2  
0 . 0 5 0 . 0 0 5  

- -
- -

- -
- -

- -
- -

7 . 6 7 0 . 7 5 2  

Mole fraction 
xca-

o . o  
0 . 0 5 
0 . 2 0 
0 . 4 0 
0 . 6 0 
0 . 8 0 
0 . 9 5 
1 . 0 0 
o . o  
0 . 05 
0 . 2 0 
0 . 4 0 
0 . 6 0 
0 . 8 0 
0 . 9 5 
1 .  0 0  
0 . 0 0 
0 . 0 5 
0 . 2 0 
0 . 4 0 
0 . 6 0 
0 . 8 0 
0 . 9 5 
1 .  0 0  

( cont . )  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus 

fitted with magnetic stirrer . 

Temperature measured with platinum 

resistance thermometer . Liquid 

and gas analysed by gas chromato

graphy . Details of apparatus in 

ref . ( 1 )  

SOURCE AND PURITY OF MATERIALS : 

l and 2 .  Purity not less than 

9 9 . 9  per cent by 

volume . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Skripka , v .  G . ; 
Nikitina , I .  E . ; 
0 .  A .  

Ga z o v . Prom . 

1 9 6 4 ,  1 4 ,  11 . 

Barsuk , s .  D . 1 
Ben ' yaminovic , 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

2 .  Ethane ; C 2H 6 ; [ 7 4 - 8 4 -0 ]  

EXPERIMENTAL VALUES : 

Bubble pt . pressure 

P/MPa 

153 . 2  0 . 13 0 . 0 1 3  
( - 12 0 )  0 . 7 3 0 . 0 7 2  

2 . 5 5 0 . 2 5 0  
4 . 9 5 0 . 4 8 5  
7 . 3 6 o .  7 2 2  
9 .  7 7  0 . 9 5 8  

11 . 57 1 . 1 3 5  
12 . 1 8 1 . 1 9 4  

ORIGINAL MEASUREMENTS : 

Skripka , V .  G . ; Nikitina , I .  E . ; 
Zhdanovich , L . A . ; Sirotin , A .  G . ; 
Benyaminovich , o .  A .  

Ga z o v . Prom . 

1 9 7 0 ,  1 5 ,  3 5 -3 6 .  

Dew pt . pressure 

P/kg f cm- 2 P/MPa 

0 . 1 3 0 . 013 
- -
- -
- -
- -

- -
2 . 4 6 0 . 2 4 1  

1 2 . 18 -

Mole fraction 
XCH 4 

0 . 0 0 
0 . 0 5 
0 . 2 0 
0 . 4 0  
0 . 6 0 
0 . 8 0 
0 . 9 5 
1 .  0 0  
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 82 - 8 ]  

2 .  Ethane ; C 2H 6 ; [ 7 4 - 8 4 - 0 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

1 5 9 . 2  
(-1 7 3 . 1 ) 

P/psi 

3 2 . 5 4  
4 8 . 2 5 
7 2 . 0 5 
8 7 . 1 0 

1 0 2 . 0 0 
1 1 3 . 6 0 
1 3 3 . 0 0 
1 4 5 . 5 0 
1 6 4 . 3 5 
1 7 2 . 2 2 
1 9 3 . 0 0 
2 0 1 . 4  

P/MPa 

0 . 2 2 4 4  
0 . 3 3 2 7  
0 . 4 9 6 8  
0 . 6 0 0 5  
0 . 7 0 3 3  
0 . 7 8 3 2  
0 . 9 1 7 0  
0 . 9 9 9 7 
1 . 13 3 2  
1 . 1 8 7 4  
l .  3 3 0 7  
l .  3 8 8 6  

ORIGINAL MEASUREMENTS : 
Hsi , C . ; Lu , B .  C . -Y .  

Can . J .  Chern . Eng . 

1 97 1 ,  4 9 ,  1 4 0- 1 4 3 . 

(Supplementary data) 

PREPARED BY : 

c .  L .  Young 

Mole fraction o f  

i n  liquid , 
.xCH 4 

0 . 1 1 0 6  
0 . 16 6 8  
0 . 2 6 5 8  
0 . 3 2 3 4  
0 . 3 9 9 0  
0 . 4 5 9 2  
0 .  5 4  7 l  
0 . 6 2 1 4  
0 . 7 1 3 5  
o .  7 7 7 9  
0 . 8 7 6 6  
0 . 9 1 7 3  

methane 

in vapor , 
YcH4 

0 . 9 1 3 0  
0 . 9 4 0 0  
0 . 9 6 1 1 
0 . 9 6 7 6  
0 . 9 7 4 7  
0 . 9 7 9 1  
0 . 9 8 3 1  
0 . 9 8 6 3  
0 . 9 8 9 3  
0 . 9 9 1 6  
0 . 9 9 4 3  
0 . 9 9 6 3  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus 

constructed of 1 0 0  ml Jerguson 
gauge . 

Temperature measured using copper

constantan thermocouples . 

Pressure measured with Bourdon gauge . 

Cell charged and vapor recirculated 

with magnetic pump for 2 or more 

hours . Samples of vapor and liquid 

removed at constant pressure and 

analysed using gas chromatography . 

Helium was used as a carrier gas .  

SOURCE AND PURITY OF MATERIALS : 

l .  Matheson research grade sample , 

9 9 . 9 9  mole per cen t .  

2 .  Matheson research grade sample , 

purity 9 9 . 9  mole per cent .  

ESTIMATED ERROR: 

o T/K = ± 0 . 0 2 ;  

o.xcH 4 ' 
15YcH 4 

REFERENCES : 

oP/MPa "' ± 0 . 0 0 5 ; 

= ± 1 %  ( e stimated by 
compiler) .  



Alkanes:  Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2- 8 ]  

2 .  E thane ; C 2 H 6 ; [ 7 4 - 8 4 - 0 ]  

VARIABLES : 

Temperature ,  pressure 

EXPERIMENTAL VALUES : 

T/K P/psi P/MPa 

1 9 9 . 9 2 31 . 4 5a 0 . 2 1 6 8a 
4 5 . 0  0 . 3 6 7  
6 5 . 0  0 . 4 4 8  

1 0 0 . 0  0 . 6 8 9 
1 6 0 . 0  1 . 1 04 
2 5 0 . 0  1 .  7 2 3  
3 5 0 . 0  2 . 4 13 
5 0 0 . 0  3 . 4 4 7  
6 0 0 . 0  4 . 1 3 7  
7 0 0 . 0  4 . 8 2 6  
7 1 9 . 0  4 . 9 5 7  
7 2 6 . 0  5 . 0 0 6  
7 3 2 . 0 5 . 04 7  
7 4 0 . 0  5 . 1 0 2  
7 4 8 . 0b 5 . 157b 

1 9 5 . 4 4 5 2 2 . 0  3 . 5 9 9  
5 91 . 0  4 . 0 7 5  
6 3 4 . 0  4 . 3 7 1  
6 8 0 . 0  4 . 6 8 8  
6 9 3 . 0  4 .  7 7 8  
7 0 4 . 0  4 . 8 5 4  
7 0 8 . 0  4 . 8 8 1  
713 . 0b 4 . 9 1 6b 

ORIGINAL MEASUREMENTS : 

Wichterle , I . ;  Kobayashi , R .  

J .  Chern .  Engng . Dat a .  1 9 7 2 ,  1 7 ,  
9 -1 2 .  

PREPARED BY : 

C . L .  Young 

Hole fraction of methane 
in liquid, in vapor , 

XCH � Yea � 

0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 2 1 4  0 . 3 0 0 5  
0 . 0 5 1 2  0 . 5 0 9 8  
0 . 1 0 3 9 0 . 6 8 0 0  
0 . 1 8 7 5  0 . 7 9 5 7  
0 . 3 1 0 0  0 . 8 6 7 9  
0 . 4 5 2 6  0 . 9 0 5 2  
0 . 6 6 0 1  0 . 9 3 3 7  
0 . 7 8 5 2  0 . 9 4 6 1 
0 . 8 9 4 2  0 . 9 5 6 2  
0 . 9 1 2 6  0 . 9 5 8 4  
0 . 9 1 7 5  0 . 9 5 7 8  
0 . 9 2 2 2  0 . 9 5 7 5  
0 . 9 3 1 9  0 . 9 5 7 7  
0 . 9 5 2 0  0 . 9 5 2 0  

0 . 7 6 4 8  0 . 9 5 4 6  
0 . 8 5 3 9  0 . 9 6 2 7  
0 . 9 0 0 7  0 . 9 6 8 0  
0 . 9 4 3 7  0 . 9 7 5 5  
0 . 9 5 2 9  0 . 9 7 6 4  
0 . 9 6 13 0 . 9 7 7 0  
0 . 9 6 4 1  0 . 9 7 5 6  
0 . 9 7 0 6  0 . 9 7 0 6  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURI TY OF MATERIALS : 

Recirculating vapor flow apparatus 1 .  
with magnetic vapor pump . Pressure 
measured with Bourdon gauge and 
temperature with platinum resistance 
thermometer . Samples of both 
phases analysed using gas chromatog- 2 .  
raphy with flame ionisation detector . 
Details in source and ref . ( 1 ) . 

l-iatheson Gas Products sample 
purity 9 9 . 9 7 mole per cent ; 
purified -by passing through 
molecular sieve . 

Phillips Petroleum research 
grade . sample purity 9 9 . 9 9 mole 
per cent . 

ESTIMATED ERROR: 

259 

o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 0 1 5  or 
les s ;  oxCH� ' oyCH � = ± 2 %  or less . 

REFERENCES : 
1 .  Chang , H . L . ; Hurt,  L . J . ; 

Kobayashi , R .  

Am . Ins t .  Chern . Engnrs . J .  1 9 6 6 ,  
1 1  J 1 2 1 2 . 
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COHPONENTS : ORIGINAL HEASURE?-I.ENTS : 
1 .  Methane ; CH� ; [ 74- 82-8 ]  Hichterle ,  I . ;  Kobayashi , R .  

2 .  Ethane ; C 2H 6 ; [ 7 4-84-0 ]  J .  Chern .  Engng . Data . 1972,  1 7 .  
9-12 . 

EXPERIMENTAL VALUES :  
Hole fraction of methane 

T/K P/psi P/NPa in liquid , in vapor , 
xCH� YcH� 

193 . 4 4 612 . 0  4 . 22 0  0 . 9007 0 .  9715 
6 60 . 0  4 . 551 0 . 9 4 6 9  0 . 9 7 87 
67 5 . 0  4 . 6 54  0 . 9 5 90  0 . 9 8145  
6 85 . 0  4 . 7 23  0 . 9 671 0 . 98316  
692 . 0  4 .  771 0 .  9724 0 . 9 8 3 5 2  
6 96 . 0  4 . 7 99  0 . 9756 o .  98 371 
69 8 . 0b 4 . 813b 0 . 9 8214 0 . 9 8214 

192 . 3 9 22 . 0 5b 0 . 1520a 0 . 0000 0 . 0000  
39 . 0  0 . 2 69  0 . 0308  0 . 4 3 3 9  
61 . 5  0 . 4 24  0 . 06 81 0 . 63 5 8  

100 . 0  0 . 6 8 9  0 . 13 6 4  0 . 77 5 5  
16 0 . 0  1 . 104 0 . 2299  0 . 8 605  
2 50 . 0  1 .  723  0 . 3854  0 . 9 0 87 
3 50 . 0  2 . 413  0 . 5512 0 . 9 372  
500 . 0  3 . 4 47 0 . 7885  0 . 9 6 07 
600 . 0  4 . 1 37 0 . 9154 0 . 97 5 5  
64 0 . 0  4 . 4 13  0 . 9529  0 . 9 822  
6 62 . 0  4 . 564  0 .  9715 0 . 9 8 62  
67  5 .  0 4 . 654  0 . 9 813  0 . 9 8973  
68 2 . 0  4 . 702 0 . 9858  0 . 99100 
685 . 0b 4 .  723b 0 . 99125  0 . 9 9125 

190 . 9 4 2 0 . 4la 0 . 14 07a 0 . 0000 0 . 0000 
39 . 5  0 . 27 3  0 . 03 4 0  0 .  4 7 2 4  
60 . 5  0 . 417 0 .  0714 0 . 6513 

100 . 0  0 . 6 8 9  0 . 1386  0 . 7907 
160 . 0  1 . 104  0 . 2384  0 . 8709 
250 . 0  1 .  723  0 . 3 9 5 5  0 . 9181 
350 . 0  2 . 413 0 . 5687  0 . 9 4 2 5  
500 . 0  3 . 4 47  0 . 8150 0 . 9 647  
5 6 3 . 0  3 . 8 8 2  0 . 9007 0 . 97 5 0  
612 . 0  4 . 2 20 0 . 9474  0 . 9 8 3 2  
6 30 . 0  4 . 3 44  0 . 9 646  0 . 9 8 6 9  
642 . 0  4 . 4 26  0 . 9749  0 . 9 8 9 8  
6 51 . 0  4 . 4 8 8  0 . 9 819 0 . 99187 
66 0 . 0  4 . 55 1  0 . 9 8 82 0 . 9 9 445  
6 6 4 . 0  4 . 578  0 . 99160  0 . 99579  
6 6 8 . 0  4 . 6 0 6  0 . 9 9 3 8 3  0 . 99693  
670 . 0  4 . 619  0 . 9 9 5 61 0 . 9 9765  
6 71 .  Oc 4 . 6 2 6c 1 .  0000 1 . 0000 

189 . 65 19 . 22a 0 . 13 25a 0 . 0000 0 . 0000 
35 . 8  0 . 24 7  0 . 0320  0 . 4 600  
60 . 0  0 . 41 3  0 . 0752  0 . 6741  
95 . 5  0 . 6 5 9  0 . 13 80  0 . 7964  

14 0 . 0  0 . 9 6 6  0 . 2138  0 . 8 626  
200 . 0  1 .  3 7 8  0 . 3202  0 . 9026  
300 . 0  2 . 0 6 8  0 . 4 975  0 . 9 3 6 9  
4 00 . 0  2 . 7 58  0 . 6816  0 . 9550  
500 . 0  3 . 4 47 0 . 8403  0 . 9706  
5 62 . 0  3 . 875 0 . 9214 0 . 9 80 3  
600 . 0  4 . 1 37  0 . 9 5 80  0 . 9 8 7 6  
615 . 0  4 . 2 40  0 .  9729  0 . 99084  
6 25 . 0  4 . 309 0 . 9 819 0 . 9 9 388  
6 3 4 . 0  4 . 371  0 . 9 8 9 3  0 . 9 9 626  
6 4 8 . 0c 4 . 4 6 8c 1 .  0000 1 .  0000 

1 8 8 . 04 47 7 . 0  3 . 2 8 8  0 . 8 403  0 .  9719  
5 18 . 0  3 .  571 0 . 8970 0 . 9789  
556 . 0  3 . 8 33  0 . 9413  0 . 9 849  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 74 - 8 2- 8 ]  \'iichterle , I . ; Kobayashi , R .  
J .  Chern. Engng . Data . 1 9 7 2, 

2 .  E thane ; C 2 H s ; [ 7 4 - 8 4 - 0 ]  1 7. 9-1 2 .  

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K P/psi P/MPa in liquid , in vapor , 
XCH � YcH� 

1 8 8 . 04 5 8 0 . 0  3 . 9 9 9  0 . 9 6 4 3  0 . 9 89 8  
5 9 8 . 0  4 . 1 23  0 . 9 8 1 9  0 . 9 9 4 4 8  
6 0 6 . 0  4 . 17 8  0 . 9 8 8 7  0 . 9 9 6 6 1  
6 1 6 . 0c 4 . 2 4 7c 1 . 0 0 0 0  1 .  0 0 0 0  

18 6 . 11 1 6 . 00a 0 . 1103a 0 . 0 0 0 0  0 . 0 0 0 0  
3 6 . 7  0 . 2 53  0 . 0 4 1 7  0 . 5 5 8 5  
6 1 . 5  0 . 4 2 4  0 . 0 8 9 7  0 . 7 3 5 8  

10 4 . 0  o .  7 1 7  0 . 1 7 0 7  o .  8 4 7 1  
1 80 . 0  1 .  2 4 1  0 . 3 1 0 0  0 .  9 1 1 6  
2 7 5 . 0  1 .  8 9 6  0 . 5 0 1 9  0 . 9 4 3 5  
4 0 0 . 0  2 . 7 5 8  0 . 74 8 6  0 . 9 67 4  
4 82 . 0  3 . 3 2 3  0 . 8 8 4 4  0 . 9 7 9 2  
5 2 4 . 0  3 . 6 13  0 . 9 3 9 5  0 . 9 86 6  
5 5 0 . 0  3 . 7 9 2  0 . 9 6 8 4 0 . 9 9 1 8 7  
5 6 2 . 0  3 . 87 5  0 . 9 8 0 2  0 . 9 9 4 9 5  
5 6 8 . 0 3 . 91 6  0 . 9 877  0 . 9 9 7 3 0  
5 7 9 . 0c 3 . 9 9 2 c  1 .  0 0 0 0  1 .  0 0 0 0  

1 7 2 . 0 4  7 . 0 9 9a 0 . 0 4 8 9 5a 0 . 0 0 0 0  0 . 00 0 0  
30 . 8  0 . 21 3  0 . 0 6 8 5  0 . 7 6 81 
4 5 . 5 0 . 314 0 . 1 0 8 7  0 . 84 6 9  
81 . 0  0 . 5 5 8  0 . 2 0 5 0  0 . 9 1 6 1  

1 20 . 0  0 . 8 2 8  0 . 3164  0 . 9 4 3 4  
1 8 0 . 0  1 . 24 1  0 . 5 0 4 2  0 . 9 6 5 6  
2 4 7 . 5  1 . 7 0 6  0 . 7 0 8 2  0 . 9 7 88 
2 9 9 . 0  2 . 0 6 2  0 . 8 6 0 9  0 . 9 87 8  
3 2 4 . 0  2 . 2 3 4  0 . 9 1 7 5  0 . 9 9 2 0 9  
3 3 9 . 5  2 . 34 1  0 . 9 5 13 0 . 9 9 5 31 
3 6 1 .  5c 2 . 4 9 2 c  1 .  0 0 0 0  1 . 0 0 0 0  

1 5 8 . 15 2 .  7 1 5a O . O l 8 7 2a 0 . 0 0 0 0  0 . 0 0 0 0  
2 5 . 8  0 . 17 8  0 . 1 0 9 0  0 . 8 9 9 0  
2 8 . 8  0 . 19 9  0 . 1 2 3 0  0 . 9 0 8 9  
4 0 . 0  0 . 2 7 6  0 . 1 6 4 0  0 . 9 3 5 4  
5 0 . 0  0 . 3 4 5  0 . 21 8 6  0 . 9 4 85 
7 0 . 0  0 . 4 8 2  0 . 2 9 5 3  0 . 9 6 4 5  

1 0 0 . 0  0 . 6 8 9  0 . 4 3 82 0 . 9 7 6 7  
1 4 0 . 0  0 . 9 6 5  0 . 6 5 2 8  0 . 9 8 6 4  
17 0 . 0  1 . 1 7 2  0 . 8107  0 . 9 92 2 1  
1 8 1 . 0  1 .  2 4 8  0 . 8 6 5 0  0 . 9 9 4 2 0  
1 9 9 . 0  1 .  3 7 2  0 . 9 4 0 7  0 . 9 9 7 4 0  
2 1 3 . 5c 1 . 4 7 2 c  1 .  0 0 0 0  1 .  0 0 0 0  

14 4 . 2 6 0 . 84la o . 0 0 5 8 oa 0 . 0 0 0 0  0 . 0 0 0 0  
27 . 3  0 . 1 8 8  0 . 1 9 6 5  0 .  9 7 1 6  
3 7 . 0  0 . 2 5 5  0 . 2 7 0 2  0 . 9 7 9 6  
4 3 . 0  0 . 2 9 7  0 . 32 4 1 0 . 9 83 4  
5 6 . 0  0 . 3 8 6  0 . 4 3 8 5  0 . 9 8 8 0  
66 . 0  0 . 4 5 5  o .  5 3 14 0 . 9 9 1 0 0  
81 . 0  0 . 5 5 8  0 . 6 8 82 0 . 9 9 4 3 3  
9 8 . 0 0 . 6 7 6  0 . 8 5 8 1  0 .  9 9 7 2 8  

114 . O c  0 . 7 8 6 c  1 . 00 0 0  1 . 0 0 0 0  

1 30 . 37 O . l 8 6a 0 . 0 0 1 2 8a 0 . 0 0 0 0  0 . 0 0 0 0  
2 8 . 0  0 . 1 9 3  0 . 4 3 1 9  0 . 9 9 4 7 9  
3 5 . 0 0 . 24 1  0 . 5 9 8 9  0 . 9 9 6 5 4  
4 3 . 3  0 . 2 9 9  0 . 7 7 8 8  0 . 9 9 8 4 5  
4 8 . 6  0 . 3 34 0 . 8 9 3 5  0 . 9 9 9 1 9  
5 4 . 0c 0 . 372c  1 .  0 0 0 0  1 . 0 0 0 0  

a )  saturated vapor pre ssure of ethane . b )  gas-liquid cri tical pressure . 
c )  saturated vapor pressure of methane . 



262 Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

[ 74-82-8 ]  Davalos ,  J . ; Anderson , w .  R . ; 

[ 74-84-0 ]  Phelps , R .  E • ;  Kidnay, A.  J .  
J .  Chern . Eng . Da ta 

1976 , 2 1 ,  81-8 4 .  

VARIABLES :  PREPARED BY : 

EXPERIMENTAL VALUES : 

T/K 

250 . 00 

P/atm 

15 . 10 
22 . 0 0 
22 . 50 
32 . 5 0 
34 . 00 
4 5 . 0 0 
55 . 20 
6 5 . 70 
6 7 . 50 

P/MPa 

C .  L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH � YcH� 

0 . 024  
0 . 089 
0 . 097 
0 . 196 

0 . 320 
0 . 426  
0 . 54 6  

single phase 

0 . 134 
0 . 365  
0 . 383 
0 . 540  
0 . 554  
0 . 643  
0 . 6 73 
0 . 673 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus . 
Temperature measured with platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Gas 
and liquid samples analysed by gas 
chromatography using a thermal 
conductivity detector .  
in  source and ref . 1 .  

Details 

SOURCE AND PURI TY OF MATE RIALS : 

1 .  Matheson ultra high purity 
sample , maximum impurity 0 . 03 
mole per cent . 

2 .  Purity probably better than 99 . 9  
mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 01 ;  oP/MPa = ±0 . 003 up to 
3 . 5  MPa , ± 0 . 0 05 above 3 . 5  MPa ; 
oxcH� ' oycH� = ± 1 . 5 % .  

REFERENCES : 
1 .  Miller , R. C . ; Kidnay , A. J . ; 

Hiza ,  M. J .  
J .  Chern . Therrnodyn .  
1972 1 4 1  807 • 



Alkanes:  Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 82 - 8 ]  

2 .  Ethane ; C 2 H 6 ; [ 7 4- 8 4 - 0 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K 

1 6 0 . 0 0 

1 8 0 . 0 0 

P/MPa 

0 . 1 2 3 3  
0 . 2 0 2 6  
0 . 2 0 3 7  
0 . 3 0 5 0  
0 . 3 9 9 5  
0 . 4 1 1 6  
0 . 5 2 9 4  
0 . 5 9 8 4  
0 . 7 9 3  
0 . 9 9 3  
1 . 1 9 5  
l .  3 3 8  
0 . 18 4  
0 . 313 
o .  471 
0 . 5 6 7  
0 . 9 5 3  
l .  5 6 7  
2 . 1 2 8  
2 . 4 8 2  
2 . 8 2 8  

ORIGINAL MEASUREMENTS : 

Miller , R .  C . ;  Kidnay , A .  J . ; 

Hi za,  M .  J .  

J . Chern . Thermody namics 1 9 7 7 , 9 ,  

1 6 7 -1 7 8 . 

PREPARED BY : 

c . L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH4 YcH� 

0 . 0 6 0 2 0 . 8 2 7 0  
0 . 1118 0 . 8 9 7 0 
0 . 1 1 2 7  0 . 8 9 8 6  
0 . 1 7 2 0  0 . 9 3 4 4  
0 . 2 2 2 5  o .  9 5 11 
0 . 2 2 9 2 0 . 9 5 3 4  
0 . 3 0 3 5  0 . 9 6 5 2  
0 . 3 5 0 4  0 . 9 7 0 4  
0 . 4 7 9 5  0 . 9 7 9 4  
0 . 6 2 0 3  0 . 9 8 5 4  
0 . 7 5 9 6  0 . 9 9 0 9  
0 . 8 5 5 9  -
0 . 0 3 2 7  0 . 5 7 3 4  
0 . 0 7 4 5  0 . 74 9 3  
0 . 12 4 1  0 . 8 3 3 5  
0 . 1 5 6 7  0 . 8 6 3 3  
0 . 2 8 2 5  0 . 9 2 1 3  
0 . 4 9 2 8  0 . 9 5 5 1  
0 . 6 8 9 8  0 . 9 7 1 2  
0 . 8 0 2 5  0 . 9 7 92 
0 . 9 0 0 2  0 . 9 8 7 4  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Vapor-recirculation system similar 1 .  Purity 9 9 . 9 9 mole per cent . 

to that in refs . 1 and 2 .  Pressure 

measured with Bourdon gauge . 2 .  Purity 9 9 . 9 9 mole per cent . 

Temperature measured with platinum 

res istance ther�ometer . Samples of 

liquid and vapor analysed by gas 

chromatography . Details in source . 

ESTIMATED ERROR: 

263 

o T/K = ± 0 . 0 2 ;  oP/MPa = ± 0 . 0 0 1  up to 
0 . 6  MPa ;  ± 0 . 0 0 5  above 0 . 6  MPa ; 
oxCH 4 ' oyCH 4  = ± 0 . 0 0 1 .  

REFERENCES : 

1 .  Duncan , A .  G . ; H i z a ,  M .  J .  
A dv .  Cryoge n .  Engng .  1 9 7 0 , 1 5 ,  4 2 . 

2 .  Hiza , M .  J . ;  Duncan , A .  G .  
R e v .  Sa i .  Ins tr .  1 9 6 9 ,  4 0 ,  5 1 3 . 



264 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane � CH � � [ 7 4 - 8 2- 8 ]  

2 .  Ethane � C 2 H 6  � [ 7 4 - 8 4 - 0 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

Total pressure 

T/K p /atrn p /HPa 

2 6 0 . 0 0  1 6 . 8 0 1 .  7 0 2  
17 . 8 0  1 .  8 0 4  
1 8 . 8 8 1 .  9 1 3  
1 9 . 4 2  1 .  9 6 8  
21 . 6 0 2 . 1 8 9  
23 . 2 2 2 . 3 5 3  
2 5 . 2 6 2 . 5 5 9  
2 9 . 9 8 3 . 0 3 8  
3 4 . 6 9 3 . 51 5  
4 0 . 5 9 4 . 1 13 
5 0 . 3 (\ 5 . 0 9 7  
5 5 . 1 8  5 . 5 9 1  
5 9 . 4 0  6 . 0 1 9  
6 2 . 6 5 6 . 3 4 8  
6 5 . 1 8 6 . 6 0 4  
6 9 . 9 0 7 . 0 8 3  

2 7 0 . 0 0 21 . 6 8 2 . 1 9 7  
2 2 . 5 3  2 . 2 8 3  
2 3 . 3 9 2 . 4 2 1 
2 6 . 1 0 2 . 6 4 5  
3 0 . 6 9 3 . 1 1 0  
3 5 . 0 7 3 . 5 5 3  
4 0 . 0 0 4 . 0 5 3  

AUXILIARY 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus 
with diaphragm pump . Temperature 
measured with platinum resistance 
thermometer and pressure with 
Bourdon gauges Cell stirred with 
double propeller stirre r .  Vapor and 
l iquid samples analysed by gas 
chromatography using a thermal cond
uctivity detector . Details in 
ref . { 1 ) . 

ORIGINAL MEASUREMENTS : 

Gupta , H . K .  � Gardner , G . C .  � 
Hegarty , H. J . ; Kidnay , A . J .  

J .  Chern . Engng . Da ta 19 8 0, 2 5 ,  3 1 3- 3 1 8 . 

PREPARED BY : 

C . L .  Young 

Mole fraction of methane 

in liquid , in gas 
xCH� YcH� 
o . o o o o  0 . 0 0 0 0  
0 . 0 0 8 8  0 . 0 4 6 7  

- 0 . 0 9 4 2  
0 . 0 2 3 9  0 . 11 5 0  
0 . 0 4 4 5  0 . 1 9 2 2  
0 . 0 5 9 2  0 . 2 3 8 7  
0 . 0 7 8 8  0 . 2 9 2 4  
0 . 1 2 2 0  0 . 3 8 1 0  
0 . 1 6 5 2  0 . 4 4 8 3  
0 . 2 1 8 9  0 . 5 0 5 2  
0 . 3 0 87 0 . 5 6 6 4  
0 . 3 5 4 5  0 . 5 8 2 3  
0 . 3 9 5 2  0 . 5 8 9 6  
0 . 4 2 9 7  0 . 5 8 9 7  
0 . 4 6 1 5  0 . 5 8 2 3  

s ingle phase 
o . o o o o  o . o ooo  
0 . 0 0 7 0  0 . 0 2 9 8  
0 . 0 1 8 8  0 . 0 7 6 2  
0 . 0 3 5 7  0 . 1 3 3 2  
0 . 0 7 3 9  0 . 2 3 6 1 
0 . 1 1 2 7  0 . 314 0 
0 . 1 5 5 0  0 . 3 7 6 8  

INFORMATION 

SOURCE AND PURI TY OF MATE RIALS : 

1 and 2 .  Purity at least 9 9  mole 
per cent . No extraneous peaks were 
found when samples analysed by gas 
chromatography . 

EST.XATED ERROR: 
oT;x = ± O . o 2 � 
up to 3 .  4 MPa ,  
oxCH � ' oyCH� 

= 

REFERENCES : 

op/HPa = ± 0 . 0 3 
± 0 . 1  above 3 . 4  HPa ,  
± 0 . 0 0 2 . 

1 .  Somait ,  F . ; Kidnay , A . J .  
J .  Che rn .  Engng . Da ta 1 9 7 8 ,  2 3 ,  
3 01 .  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH 4 : [ 7 4- 8 2- 8 ]  Gupta , M.  K • .  : Gardner , G .  c . : 
Hegarty , M .  J . : Kidnay , A .  J .  

2 .  Ethane :  C 2 Hs : [ 7 4 - 8 4- 0 ]  J .  Chern.  Engng . Data 
1 9 8 0 ,  25 , 313- 3 1 8 . 

Total pressure Hole fraction of methane 

T/K P/atm P /l-1Pa in liquid, in gas 
xCH4 Yca 4  

2 7 0 . 0 0  4 5 . 3 0 4 . 5 9 0  0 . 1 9 8 4  0 . 4 2 3 7  
4 5 . 5 0 4 . 6 1 0  - 0 . 4 2 5 1  
4 9 . 0 6 4 . 9 7 1  0 . 2 3 1 5  0 . 4 4 8 4  
5 0 . 2 6 5 . 0 9 3  0 . 2 4 1 9  0 . 4 5 5 8  
5 5 . 0 2  5 . 57 5  0 . 2 8 1 9  -

6 0 . 2 2 6 . 1 0 2  0 . 3 3 2 1 0 . 4 8 8 9  
6 2 . 9 6 6 . 3 7 9  - 0 . 4 8 9 6  
6 4 . 5 3 6 . 5 3 9  0 . 3 8 6 2  -

6 5 . 14 6 . 6 0 0  0 . 3 9 8 0  -

6 5 . 4 4 6 . 6 3 1  - 0 . 4 8 5 6  
6 6 . 5 0  6 . 7 3 8  single phase 

2 8 0 . 0 0 2 7 . 6 0 2 . 7 9 7  0 . 0 0 0 0  0 . 0 0 0 0  
2 8 . 5 0 2 . 8 8 8  0 . 0 0 8 1 0 . 0 2 7 9  
3 0 . 3 5 3 . 0 7 5  0 . 0 2 3 1  0 . 0 7 4 4  
3 1 . 6 2 3 . 2 0 4  0 . 0 3 3 5  0 . 1 0 3 6  
3 6 . 0 8 3 . 6 5 6  0 . 0 6 9 3  0 . 1 8 6 4  
3 9 . 8 5 4 . 0 3 8  0 . 0 9 9 6  0 . 2 4 0 4  
4 3 . 5 8 4 . 4 1 6  0 . 1 2 9 2  0 . 2 8 1 8  
4 6 . 5 0 4 .  7 1 2  0 . 1 5 2 8  0 . 3 0 9 1  
4 9 . 7 5 5 . 0 4 1  0 . 1 7 9 8  0 . 3 3 3 6  
5 2 . 6 0 5 . 3 3 0  0 . 2 0 4 4  0 . 3 5 1 2 
5 5 . 7 2  5 . 6 4 6  0 . 2 3 3 3  0 . 3 6 5 4  
5 9 . 0 6 5 . 9 8 4 0 . 2 6 6 8  0 .  3 7 1 9  
6 0 . 0 7 6 . 0 8 7  0 . 2 7 7 4  0 . 3 7 1 1  
6 0 . 5 1  6 . 1 3 1  - 0 . 3 6 9 9  
61 . 1 0 6 . 191 0 . 2 9 1 3  0 . 3 6 7 5  
6 1 . 8 4  6 . 2 6 6  0 . 3 0 4 6  0 . 3 6 0 9  
6 2 . 1 0 6 . 2 9 2  0 . 3 1 0 9  0 . 3 5 5 7  
6 2 . 4 0  6 . 3 2 3  s ingle phase 



266 Alkanes: Pressure Greater Tha n  0.2 MPa 

COMPONENTS : 

2 .  Propan e ;  C s H e ; 

EVALUATION : 

[ 7 4 - 8 2- 8 ]  

[ 7 4 - 9 8 - 6 ]  

EVALUATOR : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3 0 5 2 , 
Australia.  

February 1 9 8 4 

The most extensive study on this system is due to Wichterle and 
Kobayashi ( 1 )  who studied the system at temperatures from 1 3 0  K to 214 K .  
This work extended earlier work by Price and Kobayashi ( 2 )  who studied 
this system in the temperature range 1 4 4  K to 2 7 8  K .  The data of Price 
and Kobayashi ( 2 )  at 2 1 3 . 7  K and at lower temperatures are less accurate 
than those of Wichterle and Kobayashi ( 1 )  • The data of Sage and coworkers 
( 3 ) , ( 4 )  cover the temperature range 2 7 7  K to 3 6 3  K .  Their data are only 
of moderate accuracy due to the techniques available at that time . The 
data of Akers , Burns and Fairchild ( 5 )  are also only of moderate accuracy 
and cover the temperature range 1 5 8  K to 2 7 3  K .  The data o f  Peon and Lu 
( 6 )  are thought to be of fairly high accuracy . 

The data of Wichterle and Kobayashi ( 1 )  and Peon and Lu ( 8 )  are 
classified as recommended , whereas those of Price and Kobayashi ( 2 )  and 
Sage and coworkers ( 3 ) , ( 4 )  are of lower accuracy . The data of Akers , 
Burns and Fairchild ( 5 )  are superseded by the more recent and more 
accurate data of Wichterle and Kobayashi ( 1 )  . 

The limited data of Cheung and Wang ( 7 )  are restricted to pressures 
below 2 atmospheres and are classified as tentative . The four measure
ments by Kalra and Robinson ( 8 )  were determined to test the reliability 
of their apparatus and agree well with the data tiven in ref . ( 1 )  at 
2 1 3 . 7  K. The data of Frolich et a Z .  ( 9 )  at 2 9 8  K which were presented 
in graphical form are rej ected . 

References 

1 .  Wichterle ,  I . ; Kobayashi , R .  J .  Che m .  Eng . Data , 1 9 7 2 , 1 7 ,  4 .  

2 .  Price , R .  A . ; Kobayashi , R .  J .  Chem . Eng . Data , 1 9 5 9 , 4 ,  4 0 .  

3 .  Sage , B .  H . ; Lacey , W .  N . ; Schassfma , J .  G .  Ind. Eng . Chem . , 1 9 3 4 , 
2 6 ,  2 1 4 . 

4 .  Reame r ,  H .  H . ; Sage , B .  H . ; Lacey , W .  N .  Ind . Eng . Chem . , 1 9 5 0 , 4 2 ,  
5 3 4 . 

5 .  Akers . W .  W . ; Burns , J .  F . ; Fairchild , w .  R .  Ind. Eng . Chem. , 1 9 5 4 , 
4 6 ,  2 5 3 1 .  

6 .  Peon , D . P .  L . ; Lu , B .  C . -Y .  Adv . Cryog . Eng . , �' 1 9 , 2 9 2 . 

7 .  Cheung , H . ; Wang , D .  I .  J .  Ind . Eng . Che m .  Fundam . , 1 9 6 4 , 3 ,  3 5 5 . 

8 .  Kalra , H . ; Robinson , D .  B .  Cry ogenias , 1 9 7 5 , 1 5 ,  4 0 9 .  

9 .  Frolich , P .  K . ; Tauch , E .  J . ; Hogan , J .  J . ; Peer , A .  A .  
Ind.  Eng . Chem. , 1 9 3 1 , 2 3 , 5 4 8 .  



Alkanes:  Pressure Greater Tha n  0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

l .  Methane ; CH � ; [ 7 4 - 8 2- 8 ]  

2 .  Propane ; C 3 H 8 ; [ 7 4 - 9 8- 6 ]  

Frolich, P . K . ; Tauch , E . J . ; Hogan , 
J . J . ; Peer , A . A .  

Ind. Eng . Chem . 1 9 3 1 , 2 3 , 5 4 8- 5 5 0 . 

VARIABLES : PREPARED BY : 

Pressure C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/MPa 
* 

Solubility , s  Mole fraction o f  + 
methane in l iquid , 

2 9 8 . 1 5  1 . 0  
2 . 0  
3 . 0  
4 . 0  
5 . 0  
6 . 0  
7 . 0  
8 . 0  
9 . 0 7 

1 9 . 4  
3 8 . 7  
5 8 . 1  
8 0 . 4  

1 0 2  
1 2 4  
1 4 6  
1 6 8 . 5  
2 0 8  

xCH� 

0 . 0 6 6 0  
0 . 1 2 4  
0 . 1 7 5  
0 . 2 2 7  
0 . 2 7 1  
0 . 3 1 1  
0 . 3 4 7  
0 . 3 8 0  
0 . 4 3 1  

* Data taken from graph in original article . 

+ calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Static equilibrium cell . Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method . Allowance was made for 
vapor pressure of liquid and the 
solubility of the gas at atmospheric 
pressure . Details in sourc e .  

SOURCE AND PURITY OF MATERIALS : 

Stated that the materials 
were the highest purity 
available .  

ESTIMATED ERROR: 

o T/K = ± o . l ;  oxcH � = ± 5% 

REFERENCES : 

267 



268 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

2 .  Propane ; C s H 8 ; [ 7 4 - 9 8 - 6 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 1 5 

313 . 15 

10 . 1  
15 . 2  
2 0 . 3  
2 5 . 4  
3 0 . 4  
3 5 . 5  
4 0 . 5  
4 5 . 6  
5 0 . 7  
6 0 . 8  
7 0 . 9  
8 1 . 1 
9 1 . 1 9 
9 6 . 2 6 
15 . 2  
2 0 . 3  
2 5 . 4  
3 0 . 4  
3 5 . 5  
4 0 . 5  
4 5 . 6  
5 0 . 7  
5 5 . 7  
6 0 . 8  

ORIGINAL MEASUREMENTS : 

Sage , B .  H. ; Lacey , w .  N . ; 

Schaafsma , J .  G .  

Ind .  Eng . Chern . 

1 9 3 4 , 2 6 ,  2 1 4 - 2 1 7 . 

P REPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid, in vapor , 

XCH4 YcH4 

0 . 0 0 8  0 . 132 
- 0 . 3 8 6  

0 . 0 6 2  0 . 5 0 5  
- 0 . 5 7 5  

0 . 1 16 0 . 6 1 9  
- 0 . 6 5 4  

0 . 1 7 6  0 . 6 8 1  
- 0 . 7 0 1  

0 . 2 3 6  o .  7 1 4  
0 . 2 9 8  0 . 7 2 8  
0 . 3 6 3  0 . 7 3 6  
0 . 4 3 6  0 . 7 3 4  
0 . 5 2 4  o .  7 1 4  
0 . 5 8 3  0 . 6 9 0  
0 . 0 0 7  0 . 0 7 9  
0 . 0 3 5  0 . 2 7 3  

- 0 . 3 7 9  
0 . 0 9 2  0 . 4 5 1  

- 0 . 5 0 3  
0 . 1 4 9  0 . 5 4 3  

- o .  5 7 1  
0 . 2 0 8  0 . 5 9 2  

- 0 . 6 0 6  
0 . 2 6 0  ( cont . )  0 . 6 1 5  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 

known composition . Dew point or 

bubble point determined from PVT 

data and vapor-liquid equilibrium 

data obtained by graphical means . 

Pressure measured with pressure 

balance and temperature measured 

with a copper-constantan thermo

couple . Details in source and 

ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS ; 

1 .  Prepared from natural gas , carbon 
dioxide , water and hydrocarbons 
removed .  Distilled . Final 
purity 9 9 . 4 7 mole per cent ; 
maj or impurities , nitrogen ( 0 . 5  
mole per cent ) and ethane and 
higher hydrocarbons ( 0 . 0 3 mole 
per cent) . 

2 .  Phillips Petroleum Co . sample . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 0 1 ;  

oxcH4 ' oycH 4  = ± o . o o 1 . 

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w .  N .  
Ind .  Eng .  Chern . 

1 9 3 4 , 2 6 , 1 0 3 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ;  [ 7 4-82- 8 ]  Sage , B .  H - . . , Lacey , w . N • ; 

2 .  Propane ; C 3 H a ; [ 74 - 9 8 - 6 ] Schaafsma , J .  G .  

Ind.  Eng . Chem . 

1 9 3 4 , 2 6 ,  2 1 4 - 2 1 7 . 

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K P/1 0 5 Pa in liquid , in vapor , 
xCH4 YCH4 

313 . 15 7 0 . 9  0 . 32 9  0 . 6 2 2  
8 1 . 1  0 . 3 9 5  0 . 6 2 1  
8 6 . 1  0 . 4 3 9  0 . 61 4  
9 1 . 2  0 . 5 0 6  0 . 59 3  

3 2 8 . 15 2 0 . 3  0 . 0 05 0 . 0 3 7  
2 5 . 4  - 0 . 19 6  
3 0 . 4  0 . 0 55  0 . 2 9 2  
35 . 5  - 0 . 35 5  
4 0 . 5  0 . 10 8  0 . 4 0 1  
4 5 . 6 - 0 . 4 3 9  
50 . 7  0 . 16 7  0 . 4 7 0  
6 0 . 8  0 . 22 8  0 . 511  
7 0 . 9  0 . 2 9 2  0 . 52 4  
7 6 . 0  0 . 3 2 6  0 . 52 1  
8 1 . 1  0 . 3 7 5  0 . 5 01  

3 4 3 . 15 30 . 4  0 . 02 1  0 . 10 3  
3 5 . 5  - 0 . 18 9  
4 0 . 5  0 . 07 4  0 . 2 52 
4 5 . 6 - 0 . 29 9  
5 0 . 7  0 . 130  0 . 33 6  
6 0 . 8  0 . 19 9  0 . 3 8 8  
6 5 . 9 0 . 2 4 1  0 . 39 2  

3 5 3 . 15 3 5 . 5  0 . 02 0  0 . 0 8 5  
4 0 . 5  0 . 0 4 6  0 . 14 9  
4 5 . 6  - 0 . 2 02  
5 0 . 7  0 . 10 6  0 . 24 3  
55 . 7  0 . 02 8  0 . 2 7 4  
6 0 . 8  0 . 1 8 3  0 . 2 7 3  

3 6 3 . 15 4 0 . 5  0 . 0 1 0  0 . 04 4  
4 5 . 6  0 . 03 8  0 . 12 1  
5 0 . 7  0 . 06 9  0 . 15 2  



270 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH, ; [7 4-82-8 ] 

2 .  Propane ; C 3H a ; [7 4-98-6 ] 

VARIABLES :  

Temperature , pressure 

EXPE RIMENTAL VALUES : Mole fraction 
of methane 

ORIGINAL MEASUREMENTS : 

Reamer, H .  H . ; Sage , B .  H. ; 
Lacey , w. N .  
Ind . Engng . Chern.  
1950 , 4 2 ,  534-539 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction 
of methane 

in liquid , in vapor , T/K in liquid , in vapo� 

277 . 59 6 . 89  
10 . 34 
1 3 . 79 
17 . 24 
20 . 68 
2 4 . 13 
27 . 58 
31 . 03 
34 . 47 
37 . 92 
4 1 . 37 
4 4 . 82 
4 8 . 26 
51 . 71 
55 . 16 
58 . 61 
62 . 05 
65 . 50 
6 8 . 95 
72 . 39 
75 . 84 
79 . 29 
82 . 74 

xCH , Yea , 

0 . 0099 0 . 2034  
0 . 0324 0 . 4 432  
0 . 0549  0 . 5627  
0 . 0779 0 . 6382  
0 . 1008  0 . 6 875  
0 . 12 4 2  0 .  7235  
0 . 14 71 0 . 7 505 
0 . 16 9 5  0 . 7677  
0 . 1923  0 . 7819 
0 .  2171 0 . 7966  
0 . 2378  0 . 8 042  
0 . 2 607  0 . 8099  
0 . 28 3 4  0 . 8135  
0 . 30 60  0 . 8159  
0 . 32 8 9  0 . 8180  
0 . 3517 0 . 8 188 
0 . 3769  0 . 8 199  
0 . 39 8 6  0 . 8205  
0 . 42 2 6  0 . 8208 
0 . 44 7 3  0 . 8 2 11 
0 .  4 719  0 . 8214  
0 . 4 9 6 8  0 . 8217 
0 . 52 2 5  0 . 8220 

277 . 59 

294 . 2 6 

(cont . )  

86 . 1 8 
89 . 6 3 
93 . 08 
96 . 53 
99 . 97 

101 . 6 3 
10 . 3 4 
13 . 7 9 
17 . 2 4 
20 . 6 8 
24 . 13 
27 . 58  
3 1 . 03  
34 . 4 7 
37 . 9 2 
4 1 . 3 7 
4 4 . 82  
4 8 . 2 6 
5 1 . 7 1 
5 5 . 16  
58 . 61 
62 . 0 5 
6 5 . 50 

xCH , Yea, 

0 . 5492 0 . 8222 
0 . 5773 0 . 8222  
0 . 6080 0 . 8 217 
0 . 6434 0 . 8 173 
0 . 6891  0 . 7924  
0 . 7459  0 . 7459  
0 . 0106 0 . 1513 
0 . 0321 0 . 3435 
0 . 0535 0 . 4575  
0 . 0749 0 . 5338 
0 . 0959 0 . 5853 
0 . 1168 0 . 6231 
0 . 1372 0 . 6501  
0 . 1580 0 .  6 72 1  
0 . 1782 0 . 6 908 
0 . 1987 0 . 7 038 
0 . 2196 0 .  7141 
0 . 2407 0 .  7228 
0 . 2 616 0 . 7300 
0 . 2828  0 . 7357 
0 . 3042 0 . 7403 
0 . 3261  0 . 7442  
0 . 3481  0 . 7471 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pres sure 

measured with pressure balance . 

Temperature measured using resistance 

thermometer . Bubble point and dew 

point determined for various campo-

sitions . Co-existing liquid and 

gas phase properties determined by 

graphical means . Details in source 

and ref . ( 1 ) . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Crude sample treated for removal 
of alkanes , C02 and H20 ;  final 
purity 99 . 9  mole per cent . 

2 .  Phillips Petroleum Co . sample 
distilled ; initial purity 99 . 9  
mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  o /Pa = ± 0 . 05% ; 
oxCH, ' oyCH, = ±0 . 00 2 . 

REFERENCES : 
1 .  Sage , B .  H . ; Lacey , W .  N .  

Trans . Am . In s t .  Mining and Met .  
Engnrs . 
194 0 ,  1 3 6 '  136 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2 - 8 ]  Reamer , H .  H . ; Sage , B .  H . ; 

2 .  Propane ; C s H a ; [ 7 4 - 9 8 - 6 ] Lacey , w .  N .  

Ind . Engng . Chern . 

1 9 5 0 , 4 2 ,  5 3 4 - 5 3 9 .  

EXPERIMENTAL VALUES : 
Mole fraction Mole fraction 

of methane of methane 
T/K P/10 5 Pa in l iquid,  in vapor , T/K P/10 5 Pa in liquid , in vapor , 

xCH� YcH� XCH� YcH� 

2 9 4 . 26 6 8 . 9 5 0 . 3 7 0 7  0 . 74 9 7  3 2 7 . 59 3 1 . 0 3  0 . 0 6 6 4  0 . 29 6 4  
7 2 . 3 9 0 . 39 3 8  0 . 7 5 2 0  3 4 . 4 7  0 . 08 5 2  0 . 34 1 8  
7 5 . 8 4 0 . 4 1 7 9  0 . 75 3 9  3 7 . 9 2  0 . 1 0 4 0  0 . 3 7 9 7  
7 9 . 29 0 . 4 4 25 0 . 7553  4 1 . 3 7  0 . 1 2 2 7  0 . 4 1 0 9  
8 2 . 7 4 0 . 4 6 7 9  0 . 7 5 6 7  4 4 . 8 2 0 . 14 1 9  0 . 4 3 6 1  
8 6 . 18 0 . 4 9 54 0 . 7 5 7 0  4 8 . 2 6 0 . 1 6 12 0 . 4 5 8 2  
8 9 . 6 3 0 . 5 2 4 4  0 . 7 5 6 1  5 1 . 7 1  0 . 1 8 1 0  0 . 4 7 6 8  
9 3 . 0 8 0 . 56 7 0  0 . 7 5 0 3  5 5 . 1 6  0 . 2 0 0 8  0 . 4 9 3 8  
9 6 . 5 3 0 . 6 0 4 6  0 . 7 3 0 9  58 . 61 0 . 2 213  0 . 5 0 8 6  
9 9 . 9 7 0 .  6 7 7 2  0 .  6 7 7 2  6 2 . 05 0 . 24 3 0  0 . 5 2 2 4  

310 . 9 3 1 3 . 7 9 0 . 0 0 4 9  0 . 0 5 2 1  6 5 . 5 0 0 . 26 5 2  0 . 5 3 5 1  
1 7 . 2 4  0 . 02 5 7  0 . 21 8 4  6 8 . 9 5 0 . 2 8 8 5  0 . 5 4 5 9  
2 0 . 6 8 0 . 04 6 0  0 . 3255  7 2 . 39 0 .  3118  0 . 5 5 3 2  
2 4 . 13 0 . 0 6 5 2  0 . 3 9 4 9  7 5 . 84 0 . 3 3 6 1  0 . 55 4 6  
2 7 . 5 8 0 . 0 8 4 5  0 .  4 4 7 2  7 9 . 2 9 0 . 3 6 5 4  0 . 5 4 7 3  
31 . 0 3 0 . 10 4 0  0 . 4 8 8 4  8 2 . 7 4 0 . 4 101 0 . 5130  
34 . 4 7 0 . 1 2 3 5  0 . 5 2 0 9  8 3 . 9 8 0 . 4 6 9 1  0 . 4 6 9 1  
37 . 9 2 0 . 14 3 2  0 . 54 8 1  3 4 4 . 26 2 7 . 4 7  0 . 0 0 6 3  0 . 0 2 7 6  
4 1 . 37 0 . 16 3 0  0 . 5714  3 1 . 03 0 . 0 2 4 9  0 . 09 8 1  
4 4 . 8 2 0 . 1 8 2 1  0 . 5 9 11 3 4 . 4 7  0 . 04 3 3  0 . 1 5 5 0  
4 8 . 26 0 . 2 0 1 9  0 . 6 0 7 3  3 7 . 92 0 . 0 6 2 2  0 . 2 0 0 7  
5 1 . 7 1 0 . 2 2 16 0 . 62 1 0  4 1 . 37  0 . 0 8 1 3  0 .  2 3 9 2  . 
5 5 . 16 0 . 24 1 8  0 . 6 3 2 1  4 4 . 8 2 0 . 1 0 0 2  0 . 2 7 1 2  
5 8 . 6 1 0 . 2 6 1 1  0 . 64 2 0  4 8 . 26 0 . 11 9 9  0 . 2 9 8 3  
6 2 . 0 5 0 . 2 8 3 6  0 . 6 5 0 3  51 . 7 1 0 . 14 0 2  0 . 3 2 1 5  
6 5 . 5 0 0 . 3 0 5 1  0 . 6 5 7 2  55 . 16 0 . 1 6 1 8  0 . 34 14 
6 8 . 9 5  0 .  3 2 7 1  0 . 6 6 3 5  5 8 . 61 0 . 18 2 0  0 . 3 5 6 6  
7 2 . 3 9  0 . 3 4 9 8  0 . 6 6 9 1  6 2 . 0 5 0 . 20 8 1  0 . 36 5 6  
7 5 . 8 4 0 . 3 7 3 1  0 . 6 7 3 8  6 5 . 50 0 . 2 3 7 5  0 . 3 6 7 8  
7 9 . 29 0 . 39 6 9  0 . 6 7 6 7  6 8 . 9 5 0 . 2 8 0 0  0 . 3 5 5 8  
8 2 . 74 0 . 4 2 2 6  o .  6 7 7 9  7 0 . 3 3  0 . 3 2 2 8  0 . 3 2 2 8  
8 6 . 18 0 . 4 511 0 . 6 7 6 6  3 6 0 . 9 3 3 7 . 9 2 0 . 0 1 0 7  0 . 02 8 0  
8 9 . 6 3 0 . 4 8 8 9  0 . 6 6 4 3  4 1 . 3 7 0 . 0 3 3 3  0 . 0 7 9 8  
9 3 . 0 8 0 . 5 6 1 0  0 . 6 0 8 7  4 4 . 8 2 0 . 0555  0 . 1 2 0 8  
9 3 . 29 0 . 5 8 8 2  0 . 5 8 8 2  4 8 . 26 0 . 0 7 8 6  0 . 14 8 9  

3 2 7 . 59 2 0 . 6 8 0 . 0 1 0 4  0 . 0 6 9 9  4 9 . 9 9 0 . 0 9 2 6  0 . 15 7 0  
2 4 . 1 3 0 . 0 2 8 9  0 . 16 6 3  5 1 . 7 1 0 . 11 2 0  0 . 16 0 1  
2 7 . 57 0 . 0 4 8 0  0 . 2 4 14 5 2 . 8 8 0 . 14 0 0  0 . 14 0 0  

M-J 
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COMPONENTS : 

1 .  Methane 1 CH4 1 [ 7 4-82-8 ] 

2 .  Propane 1 C3 H8 1 [ 7 4-98-6 ] 

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K 

2 73 . 15 

2 5 6 . 4 8 

P/MPa 

0 . 6 8 9  
1 .  3 8  
2 . 0 7 
2 . 7 6 
3 . 45 
4 . 14 
4 . 8 3 
5 . 5 2 
6 . 21 
6 . 8 9 
7 . 5 8 
8 . 2 7 
8 . 9 6 
9 . 6 5 

10 . 0 0 
0 . 6 8 9  
1 .  38  
2 . 0 7 
2 . 76 
3 . 4 5 
4 . 14 
4 . 8 3 
5 . 52 

ORIGINAL MEASUREMENTS : 

Akers , W .  W .  1 Burns , J .  F .  1 

Fairchild, W. R .  

Ind.  Eng . Chem . 

1954 1 4 6 1 2531-2534  • 

PREPARED BY : 

c . L .  Young 

Mole fraction of methane 
in liquid, in vapor , 

xCH4 YcH4 

0 . 012 0 . 2 30 
0 . 059 0 . 5 66  
0 . 106 o .  715 
0 . 152 0 . 7 80  
0 . 200 0 . 808  
0 . 2 48  0 . 8 3 0  
0 . 2 96 0 . 84 3  
0 . 347  0 . 8 5 2  
0 . 399 0 . 856  
0 . 4 51 0 . 8 54  
0 . 508 0 . 8 50 
0 . 568  0 . 8 33 
0 . 628  0 . 812  
0 . 700 0 . 781  
0 . 745 0 . 74 5  
0 . 034  0 . 5 6 0  
0 . 0 89 0 . 76 7  
0 . 142 0 . 8 32  
0 . 197 0 . 8 61  
0 . 249 0 . 8 8 0  
0 . 3 03 0 . 8 8 8  
0 . 357 0 . 8 9 0  
0 . 4 10 0 . 892  (cont . )  

AUXI LIARY INFORMATION 

METHOD/APPA��TUS /PROCEDURE : 

Equilibrium cell containing liquid 

and vapor phase s .  Vapor portion 

recirculated via external line and 

re-entered the cell through l iquid 

phase . Equi librium establ ished with 

a fixed quantity of vapor and liquid. 

Details of  apparatus and procedure 

in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample ,  
purity better than or equal to 
99 mole per cent . Maj or im
purities :  nitrogen ( 0 . 3  mole per 
cent) and ethane ( 0 . 5  mole per 
cent) • 

2 .  Phillips Petroleum Co . sample ,  
purity better than or equal to 
99 mole per cent . 

ES TIMATED ERROR: 
oT/K = ± 0 . 5 1  oP/MPa = ± 0 ; 007 1  
oxCH4 ' o yCH4 = ± 0 . 005 (estimated by 

compiler) .  
REFERENCES : 
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COMPONENTS : ORIGINAL MEASURE�£NTS : 

1 .  Methane ; CH � ;  [ 7 4 - 8 2- 8 ]  Akers , W .  w .  i Burns , J .  F . ; 

2 .  Propane ; C s H e ; [ 7 4 - 9 8 -6 ]  
Fairchild , w .  R .  

Ind . Eng .  Chern . 

1 9 5 4 , 4 6 ,  2 5 3 1- 2 5 34 . 

EXPERIMENTAL VALUES : 
Mole fraction of methane 

T/K P/MPa in liquid,  in vapor , 
XCH � YcH� 

2 5 6 . 4 8 6 . 2 1 0 . 4 6 4  0 . 8 9 1  
6 . 8 9 0 . 5 1 8  0 . 8 8 9  
7 . 5 8 0 . 5 7 2  0 . 8 8 2  
8 . 2 7 0 . 6 3 6  0 . 8 6 9  
8 . 9 6 0 .  7 1 8  0 . 8 4 5  
9 . 5 2 0 . 8 0 0 . 8 0 

2 4 1 . 4 8 0 . 6 8 9  0 . 0 5 0  0 . 7 6 5  
1 .  3 8  0 . 1 12 0 . 8 6 8  
2 . 0 7 0 . 1 7 5  0 . 9 0 2  
2 . 7 6 0 . 2 3 7  0 . 9 2 0  
3 . 4 5 0 . 3 0 0  0 . 9 3 0  
4 . 14 0 . 3 6 1  0 . 9 3 3  
4 . 8 3 0 . 4 2 2  0 . 9 3 6  
5 . 5 2 0 . 4 8 5  0 . 9 3 5  
6 . 2 1 0 . 5 4 8  0 . 9 3 3  
6 . 8 9 0 . 6 0 9  0 . 9 3 0  
7 . 5 8 0 . 6 7 1  0 . 9 1 9  
8 . 2 7 0 . 7 3 4  0 . 9 10 
8 . 9 6 0 . 7 9 6  o .  8 7 2  
9 . 4 5 0 . 8 3 5  0 . 8 3 5  

2 2 6 . 4 8 0 . 6 8 9  0 . 0 6 1  0 . 8 5 0  
1 .  3 8  0 . 13 6  0 . 9 15 
2 . 0 7 0 . 2 0 8  0 . 9 3 7  
2 . 7 6 0 . 2 8 4  0 . 9 4 6  
3 . 4 5 0 . 3 6 1  0 . 9 5 2  
4 . 14 0 . 4 4 0  0 . 9 6 0  
4 . 8 3 0 . 5 2 2  0 . 9 6 4  
5 . 5 2 0 . 6 0 5  0 . 9 6 3  
6 . 2 1 0 . 6 9 6  0 . 9 6 0  
6 . 8 9 0 . 7 9 2  0 . 9 5 2  
7 . 5 8 0 . 8 9 7  0 . 9 2 5  
7 . 6 7 0 . 9 2 1  0 . 9 2 1  

2 1 3 . 15 0 . 6 8 9  0 . 1 0 0  0 . 9 2 0  
1 .  3 8  0 . 1 9 8  0 . 9 5 5  
2 . 0 7 0 . 2 9 0  0 . 9 6 6  
2 . 7 6 0 . 3 8 2  0 . 9 7 0  
3 . 4 5 0 . 4 6 9  0 . 9 7 2  
4 . 1 4 0 . 5 5 2  o .  9 7 2  
4 . 8 3 0 . 6 3 8  0 . 9 7 0  
5 . 5 2 o .  7 2 0  0 . 9 6 8  
6 . 2 1 0 . 8 0 4  0 . 9 6 1  
6 . 8 9  0 . 8 9 0  0 . 9 5 1  
7 . 3 1 0 . 9 4 5  0 . 9 4 5  

1 9 4 . 8 2 0 . 6 8 9  0 . 14 0  0 . 9 7 5  
1 .  3 8  0 . 2 8 0  0 . 9 8 5  
2 . 0 7 0 . 4 2 0  0 . 9 9 1  
2 . 7 6 0 . 5 6 0  0 . 9 9 5  
3 . 4 5  0 . 7 0 0  0 . 9 9 0  
4 . 1 4 0 . 8 4 0  0 . 9 7 5  
4 . 7 6 0 . 9 6 0  0 . 9 6 0  

1 7 4 . 2 6 0 . 6 8 9  0 . 2 3 7  0 . 9 9 7  
1 .  3 8  0 . 4 9 9  0 . 9 9 8  
2 . 0 7 0 . 7 6 9  0 . 9 9 9  
2 . 6 9 0 . 9 9 9  0 . 9 9 9  

157 . 5 9 0 . 3 4 5  0 . 1 7 0  1 .  0 0  
0 . 6 8 9  0 . 3 5 5  1 .  0 0  
1 .  3 8  0 . 9 0 7  1 . 0 0 
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COMPONENTS : 

1 .  Methane � CH4 � [ 7 4 - 8 2- 8 ]  

2 .  Propane � C s H s � [ 7 4 -9 8 - 6 ]  

VARIABLES : 

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 
Mole fraction 

of methane 

ORIGINAL MEASUREMENTS : 

Pric e ,  A .  R . � Kobayashi , R .  

J .  Chern , Engng . Data 

1 9 5 9 , 4 ,  4 0- 5 2 . 

P REPARED BY : 

C .  L .  Young 

Mole fraction 
of methane 

T/K P/MPa in l iquid,  in vapo r ,  T/K P/MPa in liquid , in vapor , 

2 8 3 . 1 5 

2 5 5 . 3 7 

2 . 7 6 
4 . 14 
5 . 5 2 
6 . 8 9 
7 . 5 8 
8 . 2 7 
0 . 6 8 9  
1 .  3 8  
2 . 7 6 
4 . 14 
5 . 5 2 
6 . 8 9 
7 . 5 8 
8 . 2 7 

xCH4 YcH4 

0 . 12 8  
0 . 2 1 6  
0 . 3 0 0  
0 . 4 13 
0 . 4 5 1  
0 . 4 9 8  
0 . 0 3 5 8  
0 . 0 9 0 4  
0 . 1 9 9  
0 . 3 1 1  
0 . 4 1 5  
0 . 5 2 2  
0 . 5 8 2  
0 . 6 3 7  

0 . 6 8 5  
0 . 7 6 2  
0 . 7 8 8  
0 . 8 0 5  
0 . 8 0 3  
0 . 7 8 4  
0 . 5 7 3  
0 . 7 6 8  
0 . 8 6 2  
0 . 8 9 1  
0 . 8 9 9  
0 . 8 9 5  
0 . 8 8 8  
0 . 8 7 3  

2 5 5 . 3 7 
2 2 7 . 5 9 

1 9 9 . 8 2 

1 7 2 . 0 4 

1 4 4 . 2 6 

8 . 9 6 
0 . 6 8 9  
1 .  3 8  
2 . 7 6 
4 . 1 4 
5 . 5 2 
6 . 8 9 
0 . 6 8 9  
1 .  3 8  
2 . 7 6 
5 . 5 2 
0 . 6 8 9  
1 .  3 8  
0 . 6 8 9  

.'l:CH, YcH4 

0 . 7 0 8  
0 . 0 7 6 9  
0 . 1 4 6  
0 . 2 9 6  
0 . 4 3 8  
0 . 5 8 1  
0 . 7 3 6  
0 . 1 2 5  
0 . 2 2 2  
o .  4 7 7  
0 . 7 4 4  
0 . 2 3 8  
0 . 5 0 2  
0 . 8 0 2  

0 . 8 4 5  
0 . 8 4 0  
0 . 9 2 1 6  
0 . 9 4 9 3  
0 . 9 5 8 5  
0 . 9 5 9  
0 . 9 4 5 8  
0 . 9 5 9 1  
0 . 9 7 9 2  
0 . 9 8 5 5  
0 . 9 8 5 2  
0 . 9 9 3 2  
0 . 9 9 5 5  
0 . 9 9 9 3  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus 

with modi fied Jerguson s ight gauge 

for equilibrium cel l .  Vapor re

cycled with magnetic pump . Pressure 

measured with Bourdon pressure gauge 

and temperature measured with 

thermocouple . Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . research 

grade , purity 9 9 . 5  mole per 

cent . 

2 .  Phi llips Petroleum Co . pure 

grade , purity 9 9 . 0  mole per 

cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 0 6 �  

REFERENCES : 

oP/MPa = ± 1 % �  

= ± 2 %  ( estimated by 
compiler ) . 



Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ;  [ 7 4 - 8 2 - 6 ] 

2 .  Propane ; C 3 H 8 ; [ 74 - 9 8- 6 ]  

Cheung , H . ; . wang , D .  I .  J .  

Ind. Eng . Chern . Fundam . 

1 9 6 4 , 3 ,  3 5 5 . 

VARIABLES : PREPARED BY : 

EXPERIMENTAL VALUES : 

T/K 

9 1 . 7  
9 1 . 7  
9 1 . 8  
9 1 . 7  

112 . 5  
112 . 7  
1 12 . 5  
1 2 8 . 4  
1 2 8 . 4  
1 2 8 . 3  

P/cmHg 

0 . 8  
4 . 7  
6 . 4  
7 . 0  
4 . 3  

3 0 . 8  
4 3 . 1  
10 . 4  
7 8 . 1  

112 . 7  

P/kPa 

1 . 1  
6 . 3  
8 . 5  
9 . 3  
5 . 7  

4 1 . 0 
5 7 . 4  
13 . 9  

1 0 4 . 0  
1 6 3 . 5  

c .  L .  Young 

Mole fraction of methane 
in l iqui d ,  XCH� 

0 .  0 2 7 2  
0 . 2 3 4  
0 . 3 7 4  
0 . 4 7 3  
0 . 0 2 6 8  
0 . 2 3 2  
0 . 3 7 2  
0 . 0 2 6 4  
0 . 2 3 0  
0 . 3 71 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Static equil ibrium cell of accu

rately known volume . Solvent added 

then solute gas added. Liquid No details g iven . 

compos ition determined from known 

volume o f  cell and liquid and 

amounts of solvent and solute 

present . Pres sure measured with 

mercury manometer and temperature 

measured with thermocouple . 
ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/cmHg = ± 0 . 1 ; 

275 

oxCH� 
= ± 7 %  ( estimated by compiler ) . 

REFERENCES : 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ]  Skripk a ,  v .  G . ; Nikitina , I .  E . ; 
Zhdanovich , L .  A . ; Sirotin , A .  G . ; 

2 .  Propane ; C 3 H a ; [ 7 4-98-6 ] Benyarninovich , o .  A .  

Gazov . Prom . 

19 70 , 1 5 ,  35-36 . 

VARIABLES : P REPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 

Bubble pt . Mole Bubble pt . pres sure Mole pressure fraction , fraction, T/K T/K 
(T/°C)  P/kg f crn- 2 P/MPa xCH4 (TjDC )  P/kg f ern -2  P/MPa XCH4 

123 . 2  0 . 00005 0 . 000005 o . o o 143 . 2  0 . 001 0 . 0001 o . o o 
(-150 )  0 . 17 0 . 017 0 . 0 5 ( -130 )  0 . 5 0 0 . 0 4 9  0 . 05 

0 . 65 0 . 0 64 0 . 2 0 1 .  94  0 . 190  0 . 2 0 
1 . 24 0 . 122 0 . 4 0 3 . 6 5 0 . 35 8  0 . 4 0 
1 . 72 0 . 169 0 . 6 0 5 . 13 0 . 5 03  0 . 6 0 
2 . 08 0 . 204 0 . 8 0 6 . 4 6 0 . 6 3 4  0 . 8 0 
2 . 34  0 . 229  0 . 9 5 7 . 37 0 .  7 2 3  0 . 9 5 
2 . 43 0 . 2 38  1 .  00 7 . 6 7 0 . 7 5 2  1 .  00 

133 . 2  0 . 0003 0 . 00003 0 . 0 0 15 3 . 2  0 . 0 04  0 . 0004 0 . 00 
-14 0 )  0 . 3 8 0 . 037 0 . 05 ( -12 0 )  0 . 8 6 0 . 08 4  0 . 05 

1 .  35 0 . 132 0 . 2 0 3 . 15 0 . 3 09 0 . 20 
2 . 3 1 0 . 2 27  0 . 4 0 5 . 8 0 0 . 5 6 9  0 . 40 
3 . 09 0 . 303 0 . 6 0 8 . 14 0 . 7 9 8  0 . 60 
3 . 80 0 . 3 73 0 . 8 0 10 . 2 4 1 .  0 0 4  0 . 8 0 
4 . 33 0 . 42 5  0 . 9 5 11 . 7 2 1 . 149 0 . 95 
4 . 51 0 . 4 42  1 .  00 12 . 18 1 . 19 4  1 .  00  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus 

fitted with magnetic stirrer . 

Temperature measured with platinum 

resistance thermometer .  Liquid 

analysed by gas chromatography . 

Details of  apparatus in re f .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Purity 9 9 . 9 per cent by 

volume . 

2 .  Purity 99 . 5  per cent by 

volume . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Skripka , v. G . ; 
Nikitina , I .  E . ; 
O . A .  

Ga zov . Prom . 

1964 , 1 4 , 11 .  

Barsuk , S .  D .  ; 
Ben ' yarninovic , 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

2 .  Propane ; C 3 H 8 ; [ 7 4 - 9 8 - 6 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

2 1 3 . 7 1 

1 9 5 . 2  

P/MPa 

0 . 1 8 9  
0 . 3 5 5  
0 . 6 8 9  
1 .  0 3 4  
2 . 0 6 7  
2 . 7 5 6  
3 . 4 4 5  
4 . 1 3 9  
4 . 8 2 8  
5 . 517 
6 . 2 0 6  
6 . 4 7 5  
6 . 5 1 0  
0 . 211 
0 . 3 6 2  
0 . 5 17 
0 . 6 8 3  
1 .  3 7 8  
2 . 0 6 7  
2 . 7 5 6  
3 . 4 4 5  
3 . 7 9 5  
4 . 1 39 

ORIGINAL MEASUREMENTS : 

Wichterle , I . ;  Kobayashi , R .  

J .  Chern.  Eng . Data 

19 7 2 '  1 7 '  4 - 9 .  

P REPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH4 YcH4 

0 . 0 2 0 5  
0 . 0 4 4 3  
0 . 0 8 9 9  
0 . 1 3 5 8  
0 . 2 7 0 9  
0 . 3 6 5 6  
0 . 4 5 8 0  
0 . 5 5 6 3  
0 . 6 5 5 5  
0 . 7 5 7 3  
0 . 8 6 0 0  
0 . 9 0 5 3  
0 . 9 4 6 9  
0 .  0 3 7 7  
0 .  0 6  7 7  
0 . 0 9 5 8  
0 . 1 2 6 3  
0 . 2 5 4 5  
0 . 3 9 6 9  
0 . 5 3 9 2  
0 . 6 9 4 7  
0 . 7 7 3 4  
0 . 8 4 5 4  

( cont . )  

0 . 7 6 6 9  
0 . 8 7 0 6  
0 . 9 2 8 8  
0 . 9 5 0 5  
0 . 9 6 9 8  
0 . 9 7 4 1  
0 . 9 7 6 0  
0 . 9 7 6 7  
0 . 9 7 5 5  
0 .  9 7 2 6  
0 . 9 6 4 6  
0 . 9 5 1 9  
0 . 9 4 6 9  
0 . 9 2 4 4  
0 . 9 5 4 1  
0 . 9 6 7 0  
0 . 9 7 4 2  
0 .  9 8 4 5• 
0 . 9 8 8 2  
0 . 9 8 9 8  
0 . 9 9 0 4  
0 . 9 9 0 5  
0 . 9 9 0 5  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus 

with magnetic vapor pump . Pressure 

measured with Bourdon gauge and 

temperature with a platinum 

resistance thermometer .  Samples of 

both phases analysed using gas 

chromatography with flame ionisation 

detector . 

ref . ( 1 ) . 

Detai ls in source and 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson Gas Products sample , 
purity 9 9 . 9 7 mole per cent ; 
purified by passage through 
molecular sieve . 

2 .  Phillips Petroleum C o .  research 
grade sample , purity 9 9 . 9 9 mole 
per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ; oP/MPa = ± 0 . 0 1 5  or less 

oxCH4 � oyCH4 = ±2% ( details in 
source ) .  

REFERENCES : 

1 .  Chang , H .  L . ; Hunt , L .  J . ; 

Kobayashi , R .  

Am . Ins t .  Chern . Engnros . J.  
1 9 6 6 , 1 1 ,  1212 . 
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COMPONENTS :  

1 .  Z.lethane ; CH4 ; [ 74-82-8 ]  

2 .  Propane ; C s H s ; [ 74-98-6 ] 

EXPERIMENTAL VALUES :  

T/K 

195 . 2  

192 . 3 

187 . 54 

172 . 04 

158 . 15 

144 . 2 6 

130 . 37 

P/MPa 

4 . 4 8 4  
4 . 7 4 2  
4 . 8 8 4  
4 . 9 90 
0 . 207 
0 . 3 4 5  
0 . 517 
0 . 6 89  
1 .  378 
2 . 067  
2 . 756  
3 . 4 4 5  
3 . 9 67  
4 . 509  
4 . 5 9 0  
4 . 6 4 6  
4 . 7 47  
0 . 2 83 
0 . 6 8 9  
1 .  378 
0 . 213 
0 . 3 62 
0 . 6 8 9  
0 . 172 
0 . 3 55  
0 . 6 89  
0 . 214 
0 . 3 3 1  
0 . 186 

ORIGINAL MEASUREHENTS : 

Wichterle ,  I . ;  Kobayashi , R .  

J .  Chern . Eng . Da ta 

1972 , 1 ? ,  4 -9 .  

Mole fraction of methane 
in liquid , in vapor , 

xCH4 YcH4  

0 . 9061  
0 . 9 5 4 6  
0 .  9719 
0 . 9 856  
0 . 0409  
0 . 0692 
0 . 1052  
0 . 1379 
0 . 2737  
0 . 4207  
0 . 5819 
0 . 7529  
0 .  8728  
0 . 9578 
0 . 9782  
0 . 9 8 44  
0 . 99 2 6  
0 . 0629  
0 . 1506 
0 . 3042  
0 . 0692 
0 . 1196  
0 . 2270 
0 . 0873 
0 . 1791  
0 . 3510 
0 . 2109 
0 . 3005 
0 . 3924 

0 . 99075 
0 . 9912 
0 . 9911 
0 . 9856  
0 . 9355  
0 . 9601  
0 . 9718 
0 . 9783  
0 . 9874 
0 . 9899 
0 . 9913 
0 . 9919 
0 . 99 2 4  
0 . 9941  
0 . 9953  
0 . 9957 
0 . 99 2 6  
0 . 9 6 5 6  
0 . 98 39  
0 . 9907  
0 . 9862  
0 . 9915  
0 . 99505  
0 . 99 5 8  
0 . 99793 
0 . 99 8 8 8  
0 . 99940  
0 . 99959 
0 . 99921  

Additional vapor-liquid equil ibrium data i n  which 

the mole fraction is greater than 0 . 3 0 are given 

in source . 
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COMPONENTS : 

1 .  Hethane ; CH4 ;  [ 7 4- 8 2- 8 ]  

2 .  Propane ; C 3 H 9 ; [ 7 4 - 9 8- 6 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/psia P/MPa 

114 . 1  6 . 1  0 . 0 4 2  
8 . 6  0 . 0 5 9  

11 . 2  0 . 07 7  
13 . 0  0 . 0 9 0  
1 4 . 0  0 . 0 9 7  
1 6 . 2  0 . 1 12 
17 . 8  0 . 12 3  

118 . 3  7 . 9  0 . 0 5 4  
1 1 . 0  0 . 0 7 6  
1 4 . 1  0 . 0 9 7  
17 . 6  0 . 1 21 
1 9 . 6  0 . 1 3 5  
2 0 . 6  0 . 1 4 2  
2 2 . 9  0 . 1 5 8  
2 4 . 7  0 . 17 0  

122 . 2  7 . 1  0 . 04 9  
9 . 1  0 . 0 6 3  

1 3 . 1  0 . 0 9 0  
1 3 . 5  0 . 0 9 3  
1 8 . 8  0 . 1 3 0  
2 3 . 1  0 . 1 5 9  
2 6 . 9  0 . 1 8 5  
2 8 . 8  0 . 1 9 9  
31 . 0  0 . 2 1 4  
3 2 . 3  0 . 2 2 3  

ORIGINAL MEASUREMENTS : 

Poon , D . P . L . ; Lu,  B . C . Y .  

Advan. Cryo g .  Engng . 1 9 7 3 ,  1 9, 
2 9 2 - 2 9 9 . 

P REPARED BY : 

C . L .  Young 

Mole fraction of methane 
in liquid in vapor 

xCH4 YcH4 

0 . 1 8 1 2  0 . 9 9 9 0  
0 . 2 9 11 0 . 9 9 9 5  
0 . 4 1 0 2  0 . 9 9 9 7  
0 . 5 4 8 8  1 . 0  
0 . 6 6 4 7  0 . 9 9 9 8  
0 . 8 8 1 2  1 . 0  
1 . 0  1 . 0  
0 . 1 7 7 5  0 . 9 9 8 6  
0 . 2 7 1 7  0 . 9 9 q 3  
0 . 3 9 0 9  0 . 9 9 9 7  
0 . 5 7 1 4  0 . 9 9 9 2  
0 . 6 5 4 0  0 . 9 9 9 9  
0 . 7 3 9 9  1 . 0  
0 . 9 0 3 1  1 . 0  
1 . 0  1 . 0  
0 . 1 1 3 0  0 . 9 9 7 6  
0 . 1 4 0 9  0 . 9 9 8 6  
0 . 2 2 1 9  0 . 9 9 9 6  
0 . 2 2 5 3  0 . 9 9 9 6  
0 . 3 7 01 0 . 9 9 9 9  
0 . 5 2 9 7  0 . 9 9 9 9  
0 . 7 0 9 0  0 . 9 9 9 9  
0 . 8 0 9 5  1 . 0  
0 . 8 9 1 0  1 . 0  
1 . 0  1 . 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus 
constructed from 1 0 0  ml . Jerguson 
gauge with stainless steel body . 
Temperature measured using copper
constantan thermocouples . Pressure 
measured using Bourdon gauges . 
Magnetic c irculating pump . Cell 
charged vapour recirculated for 2 
or more hours . Samples of vapor 
and liquid removed at constant 
pressure and analysed using gas 
chromatography . Details in sourc e .  

M-J' 

SOURCE AND PURITY OF MATERIALS : 

1 .  Hatheson research grade , 
puri ty 9 9 . 9 9 mole per cen t .  

2 .  Phillips Petroleum C o .  sample , 
research grade purity 9 9 . 9 9  mole 
per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 0 5 ;  oP/HPa � ± 0 . 0 0 5 ;  
oxcH 4 + ± 1% ;  oycH4  = ± o . o o ol 

REFERENCES : 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2 - 8 ]  

2 .  Propane ; C s Ha ; [ 7 4 - 9 8 - 6 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Kalra , H . ; Robinson , D .  B .  

Cryogeniaa 

1 9 7 5 , 1 5 ,  4 0 9 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 

T/K P/psia P/MPa in liquid , in vapor , 

(Tj OF)  xCH4 YcH4 

2 1 3 . 8  1 0 9 . 1  0 . 7 5 2 2  0 . 0 9 4 9  0 . 9 4 1  

( - 7 4 . 9 )  
2 9 5 . 5  2 . 0 3 7  0 . 2 7 1  o .  9 7 2  
4 9 4  3 . 4 0 6  0 . 4 5 0  o .  9 7 7  
6 8 6  4 . 7 3 0  0 . 6 4 2  0 . 9 7 8  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Windowed equilibrium cell con

structed of stainless steel fitted 

with specially made sampling valves . 

Contents of cell mixed with a high 

speed magnetic stirrer rotating at 

more than 5 0 0  rpm. Temperature 

measured with a copper-constantan 

thermocouple and pressure measured 

with Bourdon gauges . Details in 

sourc e .  

SOURCE AN D  PURI TY O F  MATERIALS : 

No details given . 

ESTIMATED ERROR: 

o T/K == ± 0 . 0 6 ;  

OxCHtt ' OyCH4 
= 

REFERENCES : 

oP/lbs in- 2 
== 

± 0 . 0 0 5 .  

± 1 . 0 ; 



Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS : 

1 .  Methane 1 CH � 1 [ 7 4 - 8 2- B ]  

2 .  Butane 1 C � H 1 0 1  [ 1 0 6 - 9 7- 8 ]  

EVALUATION : 

EVALUATOR : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3 0 5 2 , 
Australia . 

Hay 1 9 8 2  

This system has been extensively studied. The early data o f  
Nederbragt ( 1 )  are rej ected because o f  their limited nature and the low 
precision of the analytical techniques used in that work . The data of 
Frolich et a t .  are also re j ected since the results were presented in the 
form of a small graph and the measurements have been superseded by more 
recent data . 

The data of Wang and McKetta ( 3 )  and Roberts e t  a t .  ( 4 ) are classi
fied as doubtful .  These data show a fair degree of scatter in the 
reported solubilities . This probably arose because of the sampling and 
analyzing techniques employed . 

The data of Wiese e t  a t .  ( 5 )  are not in good agreement with the data 
of Elliott e t  a t .  ( 6 )  at the overlapping temperature of 2 7 7 . 6  K .  There 
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is excellent agreement between the data of Wiese e t  a t .  ( 5 )  and Sage e t  a t .  
( 7 )  but in fact i t  appears that the two sets of data are derived from 
the same set of raw experimental measurements . 

Although the data of Kahre ( 8 )  and Elliott e t  a t .  ( 6 )  agree more 
closely than do the data of Wiese e t  a t .  ( 5 )  and Elliott e t  a t .  ( 6 ) , there 
are still significant discrepancies between the two sets of data . The 
precis ion , and probably the accuracy , of the data of Elliott e t  a t .  ( 6 )  
i s  greater than that of the data o f  Kahre ( 8 ) . 

The data of Elliott e t  a t .  ( 6 )  are classified as tentative for the 
temperature range 1 4 4  K to 2 7 8  K and the data of Sage e t  a t .  ( 7 )  are 
classified as tentative for the range 2 9 4  K to 3 9 4  K although the 
accuracy of the later work is considerably less than the former . 

In another paper Sage and coworkers ( 9 )  have made a detailed 
evaluation of phase behavior of this system . 

References 

1 .  Nederbragt , G .  W .  Ing . Eng . Chern . , 1 9 3 8 , 3 0 , 5 8 7 . 

2 .  Frolich, P .  K . 1 Tauch , E .  J . 1 Hogan , J .  J . 1 Peer , A .  A .  
Ind .  Eng . Chern . , 1 9 3 1 ,  2 3 ,  5 4 8 . 

3 .  Wang , R .  H . 1 McKetta , J .  J .  J .  Chern . Eng . Data , 1 9 6 4 , 9 ,  3 0 . 

4 .  Roberts , L .  R. 1 Wang , R .  H . ; Azarnoosh, A . ; McKetta , J .  J .  
J .  Chern . Eng . Data , 1 9 6 2 ,  7 ,  4 8 4 . 

5 .  Wiese , H .  C . ;  Jacobs , J . ; Sage , B .  H .  J .  Chern , Eng . Da ta , 1 9 7 0 ,  
1 5 ,  8 2 . 

6 .  Elliott , D .  G . ; Chen , R .  J .  J . 1 Chappelear , P .  S . 1 Kobayashi , R .  
J .  Chern.  Eng . Data , 1 9 7 4 , 1 9 ,  7 1 .  

7 .  Sage , B .  H . 1 Hicks , B .  L . ; Lacey , W .  N .  Ind . Eng . Chern . , 1 9 4 0 ,  3 2 1  
10 8 5 .  

B .  Kahre , L .  J .  Chern . Eng . Da ta , 1 9 7 4 , 1 9 ,  67 . 

9 .  Sage , B .  H . 1 Budenholzer , R .  A . 1 Lacey , W .  N .  Ind . Eng . Chern . , 1 9 4 0 , 
3 2 ,  1 2 6 2 .  



282 Alkanes: Pressure Greater Tha n  0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane1  CH� 1 [ 7 4 - 8 2 - 8 ]  

2 .  Butane 1 C 4 H t o 1 [ 10 6- 9 7 - 8 ]  

Froli ch ,  P . K . 1 Tauch , E . J . 1 Hogan , 
J . J . 1 Peer , A . A .  

Ind. Eng . Chern . 1 9 3 1 , 2 3 ,  5 4 8-5 5 0 .  

VARIABLES :  P REPARED BY : 

Pressure C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/MPa 
* 

Solubility , S  Mole fraction of 
methane in l iquid,  

2 9 8 . 1 5 1 . 0  
2 . 0  
3 . 0  
4 . 0  
s . o  
6 . 0  
7 . 0  

1 8  
3 5 . 5  
5 2  
7 0  
8 8  

1 0 6  
1 2 3  

.xCH4 

0 .  0 7 1 8  
0 . 1 3 2  
0 . 1 8 3  
0 . 231 
0 . 2 7 4  
0 . 3 1 3  
0 . 3 4 6  

* Data taken from graph in original article . 

+ calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

S tatic equilibrium cell . Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method . Allowance was made for 
vapor pressure of liquid and the 
solubility of the gas at atmospheric 
pressure . Details in source . 

SOURCE AND PURI TY OF MATE RIALS : 

Stated that the materials 
were the highest purity 
available ( 9 8  to 99 mole 
per cent . ) 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 1  o.xCH4 = ± 5% 

REFERENCES : 
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COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2 - 8 ]  

2 .  Butane ; C � H 1 o l [ 1 0 6 - 9 7 -8 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Sage , B .  H .  ; . Hicks , B .  L .  ; 
Lacey , W .  N .  

Ind . Eng . Chem . 

1 9 4 0 ,  3 2 , 1 0 8 5- 10 9 2 . 

PREPARED BY : 

c .  L .  Young 

T/K P/kPa Wt . fraction of methane Mole fraction of methane 
in l iquid , in gas , in liquid , in gas , 

2 9 4 . 2 5 0 . 2 7 6  0 . 0 0 1 0  
0 . 4 1 4  0 . 0 0 3 1 
0 . 5 5 2 0 . 0 0 5 2 
0 . 6 8 9  0 . 0 0 7 4  
1 .  0 3 4  0 . 0 1 2 9  
1 .  3 7 9  0 . 0 1 8 5  
2 . 0 6 8  0 . 0 3 0 1  
2 . 7 5 8  0 . 0 4 2 3  
3 . 4 4 7  0 . 0 5 5 1  
4 . 1 3 7  0 . 0 6 8 6  
5 . 5 1 6  0 .  0 9 7 1  
6 . 8 9 5  0 . 1 2 8 9  
8 . 2 7 4  0 . 1 6 4 4  
8 . 6 1 8  0 . 1 7 2 6  
9 . 6 5 3  0 . 2 0 14 

1 0 . 3 4 0 . 2 2 3 2  
11 . 0 3 0 . 2 4 8 5  
11 . 7 2 0 . 2 8 12 
12 . 0 7 0 . 3 0 2 0  
12 . 4 1 0 . 3 2 6 8  
12 . 7 6 0 . 3 5 9 1  
13 . 1 0 0 . 4 0 9 4  
13 . 2 6 0 . 4 8 2  

AUXILIARY 

METHOD/APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pressure 

measured with pressure balance .  

Temperature measured with resistance 

thermometer . Bubble point and dew 

point determined for various com

positions from discontinuity in PV 

isotherm. Coexisting l iquid and 

gas phase properties determined by 

graphical means . 

xCH� YcH �  

0 . 0 6 8 4 5  0 . 0 0 3 6  0 . 2 1 0 3  
0 . 1 8 9 9  0 . 0111 0 . 4 5 9 3  
0 . 2 7 9 5  0 . 0 1 8 6  0 . 5 8 4 3  
0 . 3 4 8 9  0 . 0 2 6 3  0 . 6 6 0 1  
0 . 4 6 5 1  0 . 0 4 5 2  0 . 7 5 9 1  
0 . 5 3 8 7  0 . 0 6 3 9  0 . 8 0 8 9  
0 . 6 2 6 5  0 . 1011 0 . 8 5 8 7  
0 . 6 7 5 8  0 . 1 3 8 0  0 . 8 8 3 1  
0 . 7 0 8 1  0 . 1 7 4 5  0 . 8 9 7 9  
0 . 7 3 0 0  0 . 2 1 0 7  0 . 9 0 7 4  
0 . 7 5 4 0  0 . 2 8 0 4  0 . 9 1 7 4  
0 . 7 6 1 0  0 . 3 4 9 1  0 . 9 2 0 3  
0 . 7 5 5 0  0 . 4 1 6 2  0 . 9 1 7 8  
0 . 7 5 1 0  0 . 4 3 0 5  0 . 9 1 6 2  
0 . 7 3 3 1  0 . 4 7 7 5  0 . 9 0 8 7  
o .  7 1 9 0  0 . 5 1 0 1  0 . 9 0 2 7  
0 . 7 0 0 0  0 . 5 4 5 1  0 . 8 9 4 2  
0 . 6 7 5 0  0 . 5 8 6 4  0 . 8 8 2 7  
0 . 6 5 9 0  0 . 6 1 0 6  0 . 8 7 5 1  
0 . 6 3 9 2  0 . 6 3 7 6  0 . 8 6 5 2  
0 . 6 1 2 0  0 . 6 7 0 0  o .  8 5 1 1  
0 . 5 6 5 9  o .  7 1 5 3  0 . 8 2 5 3  
0 . 4 8 2 0 .  7 7 1 3  ( cont . )  0 . 7 7 1 3  

INFO RMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample treated for removal 

of higher alkanes , carbon dioxide 

and water vapor . Final purity 

9 9 . 9 mole per cent . 

2 .  Phillips petroleum sample ,  dis

tilled , final purity better than 

9 9 . 9 6  mole per cent . 

ESTIMATED ERROR: 
o T/K = ± 0 . 1 ;  oP/kPa = ± 0 . 0 0 7 ;  
oxCH � = ± 0 . 0 0 0 5 ; oyCH � = ± 0 . 0 0 3  

( estimated b y  compiler ) .  
REFERENCES :  

1 .  Sage , B .  H . ; Lacey , w .  N .  

Trans .  Am . Ins t .  Mining Me t .  
Engnrs . 

1 9 4 0 ,  1 3 6 ,  1 3 6 . 
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COHPONENTS : ORIGINAL MEASUREHENTS :  

1 .  Methane ; CH4 1 [ 74-82-8 ] Sage , B .  H . ; Hicks , B .  L .  1 
Lacey , W .  N .  

2 .  Butane ; C4 H 1 o 1  [ 106-97-8 ] Ind .  Eng . Chem . 

1940 , 3 2 , 1085-1092 . 

EXPERIMENTAL VALUES :  

Wt . fraction of methane Mole fraction of methane 
T/K P/kPa in liquid , in gas , in liquid , in gas , 

XCH4 YCH 4 

310 . 93 0 . 4 14 0 . 0008 0 . 0408  0 . 0029 0 . 1336  
0 . 552  0 . 0029  0 . 1230  0 . 0104 0 . 3370  
0 . 6 8 9  0 . 0049 0 . 1901 0 . 0175 0 . 4 5 9 6  
1 .  034 0 . 0100 0 . 3128 0 . 0353  0 . 6226  
1 .  379  0 . 0152 0 . 3948  0 . 0530 0 . 7027  
2 . 068  0 . 0257  0 . 4985  0 . 0873 0 . 7827  
2 . 758  0 . 0368  0 . 5 6 3 6  0 . 1216 0 . 8240  
3 . 44 7  0 . 0484  0 . 6050  0 . 1556  0 . 8 473  
4 . 137 0 . 0604  0 . 6 335  0 . 1889  0 . 8623  
5 . 516 0 . 0859  0 . 6 6 4 0  0 . 2540  o .  8775 
6 . 8 95  0 . 1136  0 .  6712 0 .  3172 0 . 8809  
8 . 274 0 . 1452  0 . 6 690  0 . 3810 0 . 8799  
8 . 618  0 . 15 4 0  0 . 6 6 6 4  0 . 3975 0 . 8786  
9 . 653  0 . 1821 0 . 6550  0 . 4 467  0 . 8731 

10 . 34 0 . 2030  0 . 6418  0 . 4 80 0 0 . 8 6 65  
11 . 03 0 . 2279  0 . 6232  0 . 5168  0 . 8570  
11 . 72 0 . 25 8 9  0 . 5990  0 . 5587  0 . 8 4 41  
12 . 07 0 . 2790  0 . 5 825  0 . 5837  0 . 8 3 4 9  
12 . 41 0 . 3024  0 . 5616 o .  6110 0 . 8228  
12 . 76 0 . 3325  0 . 5 330  0 . 64 3 5  0 . 8053  
13 . 10 0 . 3954  0 . 4 815 0 . 7033 0 .  7709 
13 . 18 0 . 4195  0 . 4195  0 . 7237 0 .  7237 

327 . 5 9 0 . 6 8 9  0 . 0018 0 . 05675  0 . 0065 0 . 1790 
1 .  034 0 . 0066 0 . 1724 0 . 0235 0 . 4 3 02 
1. 379 0 .  0115 0 . 2546  0 . 0405 0 . 5531 
2 . 06 8  0 . 0214 0 . 3672  0 . 0734 0 . 6777  
2 . 75 8  0 . 0317 0 . 4 3 87  0 . 1061 0 . 7391 
3 . 44 7  0 . 04 2 4  0 . 4 8 6 7  0 . 13 83  0 .  7 7 4 6  
4 . 137 0 . 0534 0 . 5194 0 . 1697  0 . 7 966  
5 . 516 0 . 0769 0 . 5559  0 . 2 319 0 . 8194 
6 . 8 95  0 . 1028 0 . 5 6 8 8  0 . 2934  0 . 8270 
8 . 274 0 . 1322  0 . 5711 0 . 3557 0 . 8283  
8 . 618  0 . 1403  0 . 5697  o .  3716 0 . 8275  
9 . 653  0 . 16 6 2  0 . 5600  0 . 4194 0 . 8218 

10 . 34 0 . 1855  0 . 54 8 1  0 . 4 522  0 . 8147 
11 . 03 0 . 2 088  0 . 5313 0 . 4 8 8 9  0 . 8042  
11 . 72 0 . 2362  0 . 5040  0 . 52 85  0 . 7864  
12 . 07 0 . 2 5 60  0 . 4 858  0 . 55 50  0 .  7 7 40  
12 . 41 0 . 2756  0 . 4617  0 . 5796  0 . 7566  
12 . 76 0 . 3131 0 . 42 6 6  0 . 6 229  0 . 7295 
12 . 93 0 . 3610 0 . 3610 0 . 6719 0 .  6719 

344 . 2 6 1 . 034 0 . 0025 0 . 0543  0 . 0090 0 . 1722 
1 .  379 0 . 0068  0 . 1303  0 . 0242  0 . 3519 
2 . 068  0 . 0165 0 . 2387  0 . 0573  0 . 5319 
2 . 758 0 . 0261 0 . 3135 0 . 08 8 5  0 . 6 2 3 3  
3 . 447  0 . 0363  0 . 3 661  0 . 1201  0 . 6767  
4 . 137 0 . 04 6 9  0 . 4030  0 . 1513 0 . 7098 
5 . 516 0 . 0691 0 . 4 4 65  0 . 2120 0 . 7451  
6 . 8 95  0 . 0943  0 . 4 628  0 . 2740  0 . 7574 
8 . 274  0 . 1210 0 . 4 655  0 . 33 2 8  0 . 7594  
8 . 618 0 . 1285  0 . 4 648  0 . 3 4 8 3  0 . 7589  
9 . 653  0 . 1542  0 . 4 5 67  0 . 3978 0 . 7529  

10 . 34  0 . 1740 0 . 4 450  0 . 4 3 2 9  0 . 7440  
11 . 03 0 . 1964  0 . 4 255  0 . 4 697  0 . 72 8 6  
11 . 72 0 . 2234  0 . 3959  0 . 5104 0 . 7037 
12 . 07 0 . 24 6 6  0 . 3730 0 . 5426  0 . 6 831  
12 . 41 0 . 2 6 6 5  0 . 3330 0 . 5684  0 . 6 4 4 0  
12 . 4 8  0 . 3073  0 . 3 073 0 . 6165  0 . 6165 

{cont . )  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Sage , B .  H . ; Hicks , B .  L . ; 
Lacey , W .  N .  

2 .  Butane ; C 4 H 1 o ; [ 1 0 6 - 9 7 -8 ]  
Ind .  Eng . Chern . 

1 9 4 0 ,  32 , 1 0 8 5 -1 0 9 2 . 

EXPERIMENTAL VALUES : 

\'lt .  fraction of methane Mole fraction of methane 
T/K P/kPa in liquid, in gas , in liquid , in gas , 

XCH4 YcH 4 

3 6 0 . 9 3  1 .  3 7 9  0 . 0 0 2 2  0 . 0 3 3 3  0 . 0 0 7 9  0 . 1110 
2 . 0 6 8  o .  0 1 1 0  0 . 1 3 5 7  0 . 0 3 8 7  0 . 3 6 2 7  
2 . 7 5 8  0 . 0 2 0 2 0 . 2 0 6 2  0 . 0 6 9 5  0 . 4 8 4 9  
3 . 4 4 7  0 . 0 2 9 9  0 . 2 5 8 4  0 . 1 0 0 5  0 . 5 5 81 
4 . 1 3 7  0 . 0 3 9 9  0 . 2 9 6 0  0 . 1 3 0 9  0 . 6 0 3 8  
5 . 5 1 6  0 . 0 6 1 4  0 . 3 4 1 7  0 . 1 9 1 6  0 . 6 5 2 9  
6 . 8 9 5  0 . 0 8 5 1  0 . 3 6 1 0  0 . 2 5 2 1  0 . 6 7 1 9  
8 . 2 7 4  0 . 1 1 2 8  0 . 3 6 3 8  0 . 3 1 5 5  0 . 6 7 4 5  
8 . 6 1 8  0 . 1 2 0 6  0 . 3 6 2 7  0 . 3 3 2 0  0 . 6 7 3 5  
9 . 6 5 3  0 . 14 7 9  0 . 3 5 3 4  0 . 3 8 6 1  0 . 6 6 4 5  

1 0 . 3 4 0 . 1 7 0 2  0 . 3 4 0 6  0 . 4 2 6 4  0 . 6 5 1 8  
11 . 0 3 0 . 1 9 5 7  0 . 3 1 6 5  0 . 4 6 8 5 0 . 6 2 6 6  
11 . 3 8 0 . 2 1 0 8  0 . 2 9 7 5  0 . 4 9 1 9  0 . 6 0 5 5  
11 . 7 1 0 . 2 5 2 5  0 . 2 5 2 5  0 . 5 5 0 4  0 . 5 5 0 4  

3 8 3 . 1 5 2 . 0 6 8  0 . 0 0 4 9  0 . 0 4 9 9  0 . 0 1 7 5  0 . 1 5 9 9  
2 . 7 5 8  0 . 0 1 3 6  0 . 11 6 9  0 . 0 4 7 6  0 . 3 2 4 2  
3 . 4 4 7  0 . 0 2 2 9  0 . 1 6 6 6  0 . 0 7 8 3  0 . 4 2 0 1  
4 . 1 3 7  0 . 0 3 2 8  0 . 2 0 3 0  0 . 1 0 9 4  0 . 4 8 0 0  
5 . 5 1 6  0 . 0 5 4 3  0 . 2 4 6 8  0 . 1 7 2 2  0 . 5 4 2 9  
6 . 8 9 5  0 . 0 7 8 4  0 . 2 6 2 3  0 . 2 3 5 6  0 . 5 6 3 0  
8 . 2 7 4  0 . 1 0 6 3  0 . 2 6 10 0 . 3 0 1 2  0 . 5 6 1 4  
8 . 6 1 8  0 . 11 4 5  0 . 2 5 8 6  0 . 3 1 9 1  0 . 5 5 8 3  
8 . 9 6 3  0 . 12 2 7  0 . 2 5 4 5  0 . 3 3 6 4  0 . 5 5 3 0  
9 . 6 5 3  0 . 1 4 5 7  0 . 2 4 2 5  0 . 3 8 2 0  0 . 5 3 7 1  

10 . 0 0 0 . 1 5 7 5  0 . 2 3 2 2  0 . 4 0 3 9  0 . 5 2 2 9  
10 . 34 0 . 1 7 6 8  0 . 2 1 5 4  0 . 4 3 7 7  0 . 4 9 8 7  
10 . 4 8 0 . 1 9 8 0  0 . 1 9 8 0  o .  4 7 2 2  0 . 4 7 2 2  

3 9 4 . 2 6  2 . 7 5 8  0 . 0 0 6 1  0 . 0 4 3 6  0 . 0 2 1 8  0 . 1 4 1 8  
3 . 4 4 7  0 . 0 1 5 2  0 . 0 9 0 5  0 . 0 5 3 0  0 . 2 6 5 0  
4 . 1 3 7  0 . 0 2 5 0  0 . 1 2 5 0  0 . 0 8 5 0  0 . 3 4 1 1  
5 . 5 1 6  o .  0 4 7 1 0 . 1 6 3 6  0 . 1 5 1 9  0 . 4 1 4 8  
6 . 8 9 5  0 . 0 7 1 9  0 . 1 7 3 9  0 . 2 1 9 2  0 . 4 3 2 8  
7 . 5 8 4  0 . 0 9 0 0  0 . 1 7 2 0  0 . 2 6 3 9  0 . 4 2 9 5  
8 . 2 7 4  0 . 1 0 6 7  0 . 1 6 1 0  0 . 3 0 2 1  0 . 4 1 0 2  
8 . 6 1 8  0 . 12 4 3  0 . 1 4 7 4  0 . 3 3 9 7  0 . 3 8 5 2  
8 .  7 1 5  0 . 1 3 4 5  0 . 1 3 4 5  0 . 3 6 0 3  0 . 3 6 0 3  
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COMPONENTS : 

1 .  Methane ; 

2 .  Butane ; 

VARIABLES :  

CH� ; 

c �  H 1 o ;  

Temperature , 

EXPERIMENTAL VALUES : 

T/K 

( T/° F )  p/psi 

294 . 3  257 . 0  
( 7 0 )  4 60 . 5  

645 . 4  
819  
976 

1122 
1393  
1604 
1745 
1893  
1924 
1867 
1600 

310 . 9  275 . 0  
( 1 0 0 )  514 . 2  

716 . 1  
9 03 . 3  

1074 
1228 
14 85 
1672  
1796  
1906  

[ 7 4-82-8 ]  

[ 106-97- 8 ]  

pressure 

P/MPa 

1 . 772 
3 . 175  
4 . 4 50 
5 . 6 47  
6 . 729  
7 . 7 36  
9 . 6 04 

11 . 06 
12 . 03 
13 . 05 
13 . 27 
12 . 87 
11 . 03 
1 .  896  
3 . 5 45 
4 . 937 
6 . 228  
7 . 405  
8 . 4 6 7  

10 . 2 4 
1 1 . 53  
12 . 3 8 
13 . 14 

ORIGINAL MEASUREMENTS : 

Sage , B .  H . ; Budenholzer , R .  A . ; 
Lacey , W .  N .  

Ind . Eng . Chern.  

194 0 ,  3 2 ,  1262-1277 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction 

Wt . fraction of methane , 

of methane xCH� 

0 . 02 5  0 . 0849 
0 . 05 0  0 . 160  
0 . 07 5  0 . 227  
0 . 100  0 . 2 8 7  
0 . 12 5  0 . 3 4 1  
0 . 150 0 . 390  
0 . 200 0 . 4 7 5  
0 . 2 50  0 . 54 7  
0 . 3 00 0 . 608  
0 . 4 00  0 . 7 07  
0 . 5 00 0 . 7 84  
0 . 6 00  0 . 8 4 4  
0 . 7 00 0 . 894  
0 . 025  0 . 0849  
0 . 050 0 . 160  
0 . 075 0 . 22 7  
0 . 100 0 . 2 8 7  
0 . 125  0 . 3 41  
0 . 150 0 . 390 
0 . 2 00 0 . 47 5  
0 . 250  0 . 54 7  
0 . 300 0 . 608  
0 . 4 00 0 . 7 07 ( cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pres sure 

measured with pressure balance . 

Temperature measured with resistance 

thermometer .  Bubble point and dew 

point determined from discontinuity 

in PV isotherm . Coexis ting liquid 

and gas phase properties determined 

by graphical means . Details of 

apparatus in re f .  ( 1 ) . 

NOTE : source contains extensive 

PVT data . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Crude sample , treated for re
moval of higher alkanes , carbon 
dioxide and water vapor . Final 
purity 9 9 . 9  mole per cent . 

2 .  Phillips Petroleum sample , dis
tilled , final purity better than 
99 . 96 mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 007 ; 
8xCH� = ± 0 . 002 (estimated by 

compiler) . 

REFERENCES : 
1 .  Sage , B .  H . ; Lacey , W. N .  

Trans . Am . Ins t .  Mi ning Me t .  Engnrs . 
194 0 ,  1 3 6 ' 136 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane � CH4 � [ 7 4- 8 2- 8 ]  Sage , a·. H . � Budenholzer , R .  A. �  
Lacey , w .  N .  

2 .  Butane � C 4 H 1 o � [ 1 0 6 - 9 7- 8 ]  Ind .  Eng . Chem . 

1 9 4 0 ,  3 2 , 1 2 6 2-1 2 7 7 .  

EXPERIMENTAL VALUES :  

T/K Mole fraction 

(Tj O F )  p/psi P/MPa Wt . fraction of methane , 
of methane XCH4 

3 1 0 . 9  1 8 8 8  13 . 0 2 0 . 5 0 0  0 . 7 8 4  
( 1 0 0 )  1 6 9 6  1 1 . 6 9 0 . 6 0 0  0 . 8 4 4  

3 2 7 . 6  3 3 5 . 0  2 . 3 1 0  0 . 0 2 5  0 . 0 8 4 9  
( 1 3 0 )  5 6 9 . 6  3 . 9 2 7  0 . 0 5 0  0 . 16 0  

7 8 4 . 0  5 . 4 0 3  0 . 0 7 5  0 . 2 2 7  
9 7 9 . 5  6 . 7 5 3  0 . 1 0 0  0 . 2 8 7  

1 1 5 3  7 . 9 5 0  0 . 12 5  0 . 3 4 1  
1 3 0 8  9 . 0 1 8  0 . 15 0  0 . 3 9 0  
1 5 6 5  10 . 7 9 0 . 2 0 0  0 . 4 7 5  
1 7 3 6  11 . 9 7 0 . 2 5 0  0 . 5 4 7  
1 8 3 3  12 . 6 4 0 . 3 0 0  0 . 6 0 8  
1 8 7 0  12 . 8 9 0 . 4 0 0  0 . 7 0 7  
1712 11 . 8 0 0 . 5 0 0  0 . 7 8 4  

3 4 4 . 3  3 7 8 . 2  2 . 6 0 8  0 . 0 2 5  0 . 0 8 4 9  
( 1 6 0 )  6 2 8 . 3  3 . 14 2  0 . 0 5 0  0 . 1 6 0  

8 4 8 . 5  5 . 8 5 0  0 . 07 5  0 . 2 2 7  
1 0 4 9  7 . 2 3 3  0 . 1 0 0  0 . 2 8 7  
1 2 2 8  8 . 4 6 7  0 . 1 2 5  0 . 3 4 1  
1 3 7 7  9 . 4 9 4  0 . 1 5 0  0 . 3 9 0  
1611 11 . 11 0 . 2 0 0  0 . 4 7 5  
1 7 5 7  12 . 1 1 0 . 2 5 0  0 . 5 4 7  
1 8 1 0  12 . 4 8 0 . 3 0 0  0 . 6 0 8  
1 6 8 9  1 1 . 6 4 0 . 4 0 0  0 . 7 0 7  

3 6 0 . 0 4 4 9 . 8  3 . 1 0 1  0 . 0 2 5  0 . 0 8 4 9  
( 1 9 0 )  6 9 6 . 5  4 . 8 02 0 . 0 5 0  0 . 1 6 0  

8 4 8 . 6  5 . 8 5 1  0 . 0 7 5  0 . 2 2 7  
1111 7 . 6 6 0  0 . 1 0 0  0 . 2 8 7  
1 2 7 6  8 . 7 9 8  0 . 12 5  0 . 3 4 1  
1 4 0 9  9 .  7 1 5  0 . 1 5 0  0 . 3 9 0  
1 6 0 2  1 1 . 0 5 0 . 2 0 0  0 . 4 7 5  
1 6 9 8  1 1 . 7 1 0 . 2 5 0  0 . 5 4 7  
1 6 4 5  1 1 . 3 4 0 . 3 0 0  0 . 6 0 8  

3 7 7 . 6  5 2 1 . 8  3 . 5 9 8  0 . 0 2 5  0 . 0 8 4 9  
( 2 2 0 )  7 6 2 . 0  5 . 2 5 4  0 . 0 5 0  0 . 16 0  

9 7 3 . 1  6 . 7 0 9  0 . 0 7 5  0 . 2 2 7  
1 1 6 7  8 . 0 4 6  0 . 1 0 0  0 . 2 8 7  
1 3 0 7  9 . 011 0 . 1 2 5  0 . 3 4 1  
1 4 2 2  9 . 8 0 4  0 . 1 5 0  0 . 3 9 0  
1517 10 . 4 6 0 . 2 0 0  0 . 4 7 5  
1 3 4 9  9 . 3 0 1  0 . 2 5 0  0 . 5 4 7  

3 9 4 . 3  6 6 0  4 . 5 51 0 . 0 2 5  0 . 0 8 4 0  
( 2 5 0 )  8 2 4 . 8  5 . 6 8 7  0 . 0 5 0  0 . 16 0  

1 0 2 4  7 . 0 6 0  0 . 0 7 5  0 . 2 2 7  
117 3 8 . 0 8 8  0 . 1 0 0  0 . 2 8 7  
1 2 5 5  8 . 6 5 3  0 . 12 5  0 . 3 4 1  
1 2 4 2  8 . 5 6 3  0 . 1 5 0  0 . 3 9 0  
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COMPONENTS : 

1 .  Methane : CH 4 :  [ 7 4 - 8 2- 8 ]  

2 .  Butane : C 4H 1 0 : [ 1 0 6 - 9 7- 8 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/psi P/MPa 
(Tj D F )  

4 1 0 . 9  5 3 5  3 . 6 9 
( 2 8 0 )  6 6 9  5 . 6 8 

8 2 4  5 . 6 8 
8 3 1  5 . 7 3 
7 9 8  5 . 5 0 
7 8 7  5 . 4 3 
7 4 7  5 . 15 
7 3 5  5 . 0 7 

3 7 7 . 6  1 3 4 8  9 . 2 9 
( 2 2 0 )  1 3 4 2  9 . 2 5 

1 3 3 9  9 . 2 3 
1 3 3 6  9 . 2 1 
1 1 2 5  7 . 7 6 

8 7 8  6 . 0 5  
2 7 7 . 6  5 3  0 . 3 6 
( 4 0 )  7 4  0 . 5 1 

102 0 . 7 0 
1 5 2  1 .  0 5  
1 9 2  1 .  3 2  
2 5 3  1 .  7 4  
2 9 8  2 . 0 5 
3 4 1  2 . 3 5 
4 4 7  3 . 0 8 

ORIGINAL MEASUREMENTS : 

Roberts , L .  R . 1 Wang , R .  H . : 
Azarnoosh, A. : McKetta , J .  J .  

J .  Chern . Eng . Da ta 

1 9 6 2 , 7 , 4 8 4 -5 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in l iquid , in vapor , 

xCH4 YcH4 

0 . 0 3 8  0 . 1 1 3  
0 . 0 8 7  0 . 2 0 2  
0 . 1 5 8  0 . 2 2 7  
0 . 1 5 8  -

0 . 1 4 3  -
0 . 1 27 0 . 2 3 1  
0 . 1 17 0 . 2 4 2  
0 . 11 5  0 . 2 3 4  

- 0 . 4 5 2  
- 0 . 4 7 8  

0 . 3 8 9  0 . 4 9 6  
0 . 3 8 2  0 . 5 0 6  
0 . 2 8 7  0 . 5 5 2  
0 . 2 0 1  0 . 5 3 3  
0 . 0 3 3 0  0 . 6 2 1 3  
0 . 0 3 1 7  0 . 7 0 5 3  
0 . 0 5 4 7  0 . 7 9 6 9  
0 . 0 7 6 8  0 . 8 6 3 3  
0 . 0 8 8 7  0 . 8 8 6 7  
0 . 0 9 1 4  0 . 9 0 3 9  
0 . 1 1 5 7  0 . 9 1 4 0  
0 . 14 8 4  0 . 9 2 0 0  
0 . 1 8 0 6  0 . 9 4 2 0  ( cont .) 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Windowed stainless steel equilibrium 

cel l .  Vapor recirculated with 

magnetic pump . Temperature 

measured with thermocouple and pres

sure measured with Bourdon type 

gauge . Details of apparatus in 

source . Samples of l iquid and gas 

analyzed by gas chromatography . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . , research 
grade sample , purity better than 
9 9 . 5  mole per cent , maj or im
purity nitrogen . 

2 .  Phillips Petroleum Co . ,  research 
grade sample , purity better than 
9 9 . 9  mole per cent . 

ESTIMATED ERROR: 
oT/K = ± O . l :  oP/ps i  = ± 2 : 

oxCH4 ' oyCH 4 = ± 0 . 0 0 2 . 

REFERENCES : 



COMPONENTS : 

1 .  Methane ; 

2 .  Butane ; 

EXPERIMENTAL 

T/K 
(Tj OF) 

2 7 7 . 6  
( 4 0 )  

2 4 4 . 3  
( - 2 0 )  

2 10 . 9  
( - 8 0 )  

Alkanes:  Pressure Greater Than 0.2 MPa 

CH 4 ;  

C 4H  1 o ;  

[ 7 4 - 8 2- 8 ]  

[ 1 0 6 - 9 7 - 8 ]  

VALUES :  

P/psi P/MPa 

4 4 9  3 . 1 0 
515 3 . 5 6 
5 8 4  4 . 0 3  
6 4 0  4 . 4 1 
7 3 5  5 . 0 7 
8 3 5  5 . 7 6 
8 4 0  5 . 7 9 
9 3 0  6 . 4 1 

1 0 6 0  7 . 3 1 
1 1 5 5  7 . 9 6 
1 2 8 5  8 . 8 6 
1 3 7 0  9 . 4 5 
1 4 8 0  10 . 2 0 
1 6 1 5  11 . 14 
1 6 8 5  11 . 6 2 
1 7 5 0  12 . 0 7 
1 7 7 0  1 2 . 2 0 
1 8 3 5 12 . 6 5 
1 9 0 5  1 3 . 1 3 
1 9 1 5  13 . 2 0 

2 6  0 . 18 
4 9  0 . 3 4 
7 8  0 . 5 4 

1 2 0  0 . 8 3 
1 4 9  1 .  0 3  
1 7 7  1 .  2 2  
2 5 1  1 .  7 3  
3 4 8  2 . 4 0 
4 2 9  2 . 9 6  
5 0 6  3 . 4 9  
6 13 4 . 2 3 
7 2 0  4 . 9 6  
8 4 5  5 . 8 3  
9 1 0  6 . 2 7  
9 3 0  6 . 4 1 

1 0 7 5  7 . 4 1 
1 2 2 5  8 . 4 4 
1 2 3 5  8 . 5 2 
1 2 9 0  8 . 8 9 
1 2 9 5  8 . 9 3 
1 3 8 0  9 . 5 1 
1 5 9 0  1 0 . 9 6 
1 6 4 5  1 1 . 34 
1724 11 . 8 9 

2 7  0 . 19 
5 7  0 . 3 9 

110 0 . 7 6 
1 6 9  1 . 1 7 
2 0 7  1 . 4 3  
2 6 3  1 .  8 1  
3 5 9  2 . 4 8  
5 1 8  3 . 5 7 
7 2 5  5 . 0 0 
7 8 5  5 . 4 1 
8 9 0  6 . 14 
9 7 5  6 .  7 2  

1 0 4 1  7 . 1 8 

ORIGINAL MEASUREMENTS :  

Roberts , L . ·  R . ; Wang , R .  H . ; 

Azarnoosh, A . ; McKetta , J .  J .  

J .  Chern . Eng .  Data 

1 9 6 2 , 7 ,  4 8 4 - 5 .  

Mole fraction of methane 
in liqui d ,  i n  vapor , 

XCH4 YcH4 

0 . 2 0 6 1  0 . 9 2 8 2  
0 . 1 9 7 9  0 . 9 3 1 2  
0 . 2 2 3 2  0 . 9 4 2 4  
0 . 2 4 2 4  0 . 9 4 3 2  
0 . 2 8 8 7  0 . 9 5 10 
0 . 31 3 9  0 . 9 4 6 4  
0 . 31 3 9  0 . 9 4 6 3  
0 . 3 4 5 3  0 . 9 4 7 9  
0 . 3 6 7 4  0 . 9 4 5 6  
0 . 4 2 4 5  0 . 9 4 3 7  
0 . 4 7 9 5  0 . 9 3 8 1  
0 . 4 8 4 2  0 . 9 3 51 
0 . 5 2 2 7  0 . 9 3 2 1 
0 . 5 6 4 1  o .  9 1 7 7  
0 . 5 8 8 8  0 . 8 9 3 7  
0 . 6 3 6 9  0 . 9 0 1 5  
0 . 6 2 7 5  0 . 8 8 6 2 
0 . 6 8 9 8  0 . 8 5 4 5  
0 .  7 7 4 9  o .  8 1 7 1  
0 . 7 9 5 3  0 . 7 9 5 3  
0 . 0 1 5  0 . 4 5 7  
0 . 0 2 3  0 . 7 8 5  
0 . 0 4 3  0 . 8 7 5  
0 . 0 6 4  0 . 9 2 5  
0 . 0 7 7  0 . 9 3 0  
0 . 0 9 5  0 . 9 4 1  
0 . 11 6  o .  9 7 1  
0 . 17 4  0 . 9 7 3  
0 . 2 0 5  0 . 9 7 8  
0 . 2 4 6  0 . 9 8 0  
0 . 3 0 6  0 . 9 7 8  
0 . 3 3 4  0 . 9 7 5  
0 . 4 0 3  o .  9 7 7  
0 . 4 1 2  0 . 9 8 2  
0 . 4 2 2  0 .  9 7 7  
0 . 5 0 4  0 . 9 7 3  
0 . 5 5 2  0 . 9 7 0  
0 . 5 6 3  0 . 9 6 8  
0 . 5 7 8  0 . 9 6 7  
0 . 5 8 0  0 . 9 7 0  
0 . 6 0 8  0 . 9 5 7  
o .  7 1 9  0 . 9 3 8  
0 . 7 9 3  0 . 9 0 3  
0 . 8 6 3  0 . 8 6 3  
0 . 0 3 5 0  0 . 8 7 8 2  
0 .  0 7 2 8  0 . 9 4 3 7  
0 . 1 0 5 8  0 . 9 7 5 8  
0 . 17 5 9  0 . 9 8 3 9  
0 . 17 9 6  0 . 9 9 4 0  
0 . 2 3 7 6  0 . 9 9 1 8  
0 . 3 1 6 5  0 . 9 8 8 3  
0 . 4 13 3  0 . 9 9 17 
0 . 5 9 8 6  0 . 9 9 1 8 
0 . 6 5 5 4  0 . 9 9 4 8  
0 . 7 4 1 2  0 . 9 8 4 0  
0 .  8112 0 . 9 6 7 0  
0 . 9 2 1 4  0 . 9 2 14 
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COMPONENTS : 

1 .  Methane ; CH � ; [ 7 4 - 82 - 8 ]  

2 .  Butane ; C � H 1 o 1  [ 1 0 6 - 9 7 - 8 ]  

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

177 . 6  
( -1 4 0 )  

P/MPa 

0 . 5 0 3  
0 . 8 4 1  
1 . 1 8 
1 . 5 0 
1 .  7 7  
2 . 2 8 
2 . 6 6 
2 . 9 3 
3 . 12 

P/psi 

7 3  
122 
1 7 1  
2 1 7  
2 5 6  
3 3 0  
3 8 6  
4 2 5  
4 5 3  

ORIGINAL MEASUREMENTS : 

Wang , R .  H . ; McKetta , J .  J .  

J .  Chern . Engng . Data 

1 9 6 4 , 9 ,  3 0 -3 5 .  

PREPARED BY : 

c . L .  Young 

Mole fraction of methane 

in liquid , in vapo r ,  

;r;CH� YcH� 

0 . 15 7 9  0 . 9 7 3 2  
0 . 2 6 5 2  0 . 9 9 2 4  
0 . 3 5 8 2  0 . 9 9 4 5  
0 . 4 6 0 1  0 . 9 8 6 8  
0 . 4 9 1 3  0 . 9 92 5  
0 . 7 0 3 7  0 . 9 9 4 2  
0 . 8 2 4 1  0 . 9 9 0 1  
0 . 9 0 8 6  0 . 9 9 4 2  
1 .  0 0 0  1 . 0 0 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE ��D PURITY OF MATERIALS : 

Stainless steel windowed equilibrium 1 and 2 .  Phillips Petroleum Co . 

cell with magnetic pump for re

circulating vapor . Samples analysed 

by gas chromatography and mass 

spectrometry . Some details given 

in source and ref . ( 1 ) . 

research grade samples , 

purity at least 9 9 . 9  mole 

per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 3 ;  oP/MPa = ± 0 . 2 % ;  

oxcH � ' oycH �  = ± o . o ol . 

REFERENCES :  

1 .  Wang , R .  H .  
Ph . D . thesis.  Uni v e� s i ty of Texa s ,  

Austin , 1 9 6 3 . 
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COMPONENTS : 

1 .  Methane ; CH � ;  [ 7 4-82-8 ]  

2 .  Butane ; C � H 1 o i  [106-97-8 ]  

VARIABLES : 

EXPERIMENTAL VALUES :  

T/K 

27 7 . 6  4 0  

310 . 9  100 

344 . 3  160 

377 . 6  220  

P/MPa 

1 .  3 8  
3 . 4 5 
6 . 8 9 
8 . 62 

10 . 34 
11 . 72 
1 .  3 8  
3 . 4 5 
6 . 8 9 
8 . 6 2 

10 . 34 
11 . 72 
1 . 38 
3 . 4 5 
6 . 8 9 
8 . 62 

10 . 34 
11 . 72 
3 . 4 5  
6 . 8 9 
8 . 6 2 

ORIGINAL MEASUREMENTS : 

Wiese , H .  C . ; Jacobs , J . ; 

Sage , B .  H .  
J ,  Chern . Engng . Data 
1970 , 1 5 ,  82-91 .  

PREPARED BY : 

P/psia 

200  
500 

1000 
1250 
1500 
1700 
200 
500  

1000  
1250  
1500 
1700 
200 
500 

1000 
1250 
1500 
1700 
500 

1000 
1250  

c .  L .  Young 

Mole fraction of methane 
in liquid,  in vapor , 

xCH� YcH � 

0 . 0808  
0 . 1913 
0 . 3651 
0 . 4 513 
0 . 5 390  
0 . 6194 
0 . 0530  
0 . 1556  
0 . 3171 
0 . 3974  
0 . 4799  
0 . 5 5 8 6  
0 . 0091 
0 . 1201 
0 .  2717 
0 . 3 482  
0 . 4 329  
0 . 5103 
0 . 0783 
0 . 2 3 61  
0 . 3200  

0 . 8 8 8 8  
0 . 9369  
0 . 9461  
0 . 9407 
0 . 9262  
0 . 9044  
0 . 7027 
0 . 8 473  
0 . 8 809  
0 . 8786  
0 . 8665  
0 . 8 440  
0 . 1171 
0 . 6796  
0 . 7567  
0 . 7 588  
0 . 7 4 3 9  
0 . 7036  
0 . 4200  
0 . 5 630  
0 . 5 338  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pressure 

measured with pre ssure balance and 

temperature measured using a 

platinum resi stance thermometer.  

Details in  re f .  ( 1 ) . Samples of  

coexisting phases analysed by GC . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Texaco sample , passed over 
calcium chloride , activated 
charcoal , Ascarite and anhydrous 
calcium sulfate at pre ssures in 
exce ss of 3 MPa , purity 99 . 9 9 
mole per cent . 

2 .  Phillips Petroleum Co . samples , 
degassed , purity 99 . 95 mole 
per cent . 

ESTIMATED ERROR: 
oT/K = ±0 . 01 ; 

REFERENCES : 

o P/MPa = ±0 . 1% ;  

0 . 005 or bette r .  

1 .  Sage , B .  H . ; Lacey , W .  N .  

T�ans . Am . Ins t ,  Mini ng Me t .  
1940 , 1 3 6 ,  13 6 .  
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 82-8 ] 

2 .  Butane ; C 4 H 1 0 ; [ 10 6 - 9 7 - 8 ]  

VARIABLE S : 

Temperature , pressure 

EXPERIMENTAL VALUES :  

T/K 

277 . 5 9 

255 . 3 8 

P/psi 

17 . 6 6 
10 0 . 0 0 
2 0 0 . 0 0 
30 0 . 4  
4 0 0  
5 0 0  
6 0 0  
8 0 0  

1000  
1200  
1 4 0 0  
1600  
1700  
1800b 1822  

7 . 2 5 
50 . 3  

100 . 0  
2 00 . 3  
300 . 4  
4 0 0  
5 0 0  
7 0 0  
8 0 0  

P/MPa 

0 . 1218  
0 . 6 9 2  
1 .  3 8 2  
2 .  0 7 1  
2 . 7 5 8  
3 . 4 4 7  
4 . 1 37 
5 . 5 16 
6 . 8 95 
8 . 2 74  
9 . 6 5 3  

11 . 0 3 
1 1 . 72  
12 . 4 1 
12 . 5 6  

0 . 0 50 
0 . 3 4 7  
0 . 6 9 2  
1 . 38 1  
2 .  0 7 1  
2 . 75 8  
3 . 4 4 7  
4 . 8 2 6  
5 . 516  

ORIGINAL MEASUREMENTS : 

Elliott , D .  G . ; Chen , R .  J .  J . ;  

Chappe lear , P .  S . ;  Kobayashi , R .  

J .  Chern .  Eng .  Da ta 

1974 , 19 , 71- 7 .  

P REPARED BY : 

C .  L .  Young 

Mole fraction of methane 
in liquid , in gas , 

xCH4 YcH4 

0 . 0 0 0 0  
0 . 0 4 2 5 8  
0 . 0 8 9 8 6  
0 . 1 3 3 9  
0 . 1 7 5 9  
0 . 2152 
0 . 2 5 3 6  
0 . 32 6 2  
0 . 3 9 76 
0 . 4 6 5 1  
0 . 5331  
0 . 6 0 7 8a 0 . 6 5 5 8  
0 . 7278a 

0 . 78 2 8a 

0 . 0 0 0 0  
0 . 0 2 5 7 0  
0 . 05591  
0 . 112 4 
0 . 16 4 3  
0 . 2135 
0 . 2 5 8 0  
0 . 3 4 5 5  
0 . 3905  

( cont . )  

0 . 0000  
0 . 79 6  
0 . 8 9 0  
0 . 9 1 76 
0 . 9313  
0 . 9 3 8 5  
0 . 9 425 
0 . 9 4 6 9 
0 . 9 4 5 9  
0 . 9 3 9 0  
0 . 9 2 9 4  
0 . 9100  
0 . 8 9 6 7  
0 . 8 4 6 0  
0 . 7 8 2 8  
0 . 0 0 0 0  
0 . 8 3 7  
0 . 9161  
0 . 9516  
0 . 9 6 3 9  
0 . 9 6 8 9  
0 . 9 7 16 
0 . 9 7 2 9  
0 . 9 7 2 8  

AUXI LI ARY INFO RHAT ION 

METHOD /APPARATUS / P ROCEDURE : 

Recirculating vapor flow apparatus 

with windowed equil ibrium ce ll .  

Temperature measured with platinum 

resistance thermometer ,  pres sure 

measured with Bourdon gauge . 

Butane added to cell , air removed,  

methane added and recirculated for 

at least 0 . 5  hour . Sample analysed 

by G . C .  

ref .  ( 1 )  • 

Details in source and 

SOURCE AND PURITY OF HATE RIALS : 

1 .  Ultra high purity Matheson 
sample , purity 99 . 97 mole per 
cent . 

2 .  Matheson research grade sample , 
purity 9 9 . 9 3 mole per cent . 

ESTIHATED ERROR: 

oT/K = ± 0 . 0 2 ;  oP/MPa = ± 0 . 01 3 ;  
OXCH 4 < ± 2 % ,  o ( l-yCH 4 ) = ± 2 %  or 

0 . 00001  whichever is large r .  
REFERENCES : 

1 .  Wichterle, I . ;  Kobayashi , R .  

J .  Chern . Eng . Data 

1972 , 1 '? ,  4 .  



Alkanes:  Pressure Greater Than 0.2 M Pa 

1 .  Methane : CH4 : [ 74-B2-B ] 

2 .  Butane : C 4 H 1 0 :  [ 1 06-97-B ] 

EXPERIMENTAL VALUES :  

T/K 

255 . 3B 

2 4 4 . 2 B 

233 . 1B 

222 . 0 7 

210 . 9 4 

19 9 . B B 

190 . 58 

P/psi 

1000  
1200  
1400  
1600b 1652 

4 . 326 
10 0 . 2  
20 0 . 3  
4 0 0  
6 0 0  
B O O  

1 0 0 0  
1200  
1400  
1500b 1515 

2 . 4 39  
10 0 . 0 
20 0 . 3  
4 0 0  
6 0 0  
B O O  

1000  
1200  
1300  
1350b 1355 

1.  2 B5 
100 . 2  
2 00 . 3  
4 0 0  
6 0 0  
800  

1000  
1100  
1150b 1169  

0 . 625  
2 0 0 . 0 
4 0 0  
6 0 0  
B O O  
9 0 0  
9 5 0  
9 7 3b 

0 . 2 76  
20 0 . 1  
30 0 . 3  
4 0 0  
5 0 0  
6 0 0  
7 0 0  
750b 792 

0 . 12506  
100 . 1  
19 9 . 7  
2 9 9 . 7  

P/MPa 

6 . B 9 6  
8 . 2 74 
9 . 6 53 

11 . 0 3 
11 . 39 

0 . 0 2 9 8  
0 . 6 9 1  
1 .  3 B l  
2 . 758 
4 . 1 37 
5 . 516 
6 . B95 
8 . 274  
9 . 653  

10 . 34 
10 . 4 5 

0 . 0 1 6 B  
0 . 6 9 2  
1 .  3 8 1  
2 . 75 8  
4 . 1 37 
5 . 516 
6 . 895  
B . 2 74  
B . 9 6 3  
9 . 3 08  
9 . 342 
0 . 0 0 8 B 6  
0 . 6 9 1  
1 . 3 B l  
2 . 75 8  
4 . 1 37 
5 .  5 16 
6 . 89 5  
7 . 5 84  
7 . 9 2 9  
B . 0 6 0  
0 . 0 0 4 3 1 
1 .  3 7 9  
2 . 758  
4 . 1 37 
5 . 516 
6 . 2 05  
6 . 5 50  
6 . 7 0 9  
0 . 00190  
1 .  3 B O  
2 . 070  
2 . 75 8  
3 . 4 4 7  
4 . 1 37 
4 . B2 6  
5 . 1 71 
5 . 4 61 
0 . 0 0 0 8 6  
0 .  C ' O 
1 . 377  
2 . 0 66  

El liott , D�  G . ; Chen , R.  J.  J . :  

Chappelear , P .  s . :  Kobayashi , R.  

J. Chern.  Eng . Da ta 

1974 , 1 9 ,  71-7 . 

Mole fraction of methane 
in liqui d ,  i n  gas , 

XCH 4 YcH 4  

0 . 4 6 5 1  
0 . 5 4 6 6  
0 . 6 3 2 6  
0 . 74 9 B  
O . B 5 4 3a 

0 . 0000  
0 . 0 6 3 0 4  
0 . 12 3 7  
0 . 2 3 3 5  
0 . 3325  
0 . 4223  
0 . 5101 
0 . 6 0 62 
0 .  71B9 
O . B059a 

O . B 6 0 5a 

o . o o o o  
0 .  07208  
0 . 1 4 0 0  
0 . 2 6 55 
0 . 3 7 3 9  
0 . 4 8 0 4  
0 . 5 B 7 5  
0 . 6 9 4 B  
0 . 7 8 8 6  
O . B549a 

0 . 9 0 9 7a 

o . o o o o  
O . O B 202 
0 . 1586  
0 . 2 9 8 1  
0 . 4 2 8 4  
0 . 5564  
0 . 7056  
O . BOOla 0 . 8 6 3 7  
0 . 9 3 2 6a 

o . o o o o  
0 . 1 8 8 0  
0 . 3523 
0 . 5104  
0 . 6 9 5 4  
0 . 8232  
0 . 9036  
0 . 9 5 9 la 

0 . 0 0 0 0  
0 . 2 2 6 7  
0 . 3261  
0 . 42 6 7  
0 . 5322  
0 . 6591  
O . B 2 9 6  
0 . 92 5 7  
0 . 9 B 2 9a 

o . o o o o  
0 . 14 6 6  
0 . 2 7 7 3  
0 . 3 9 B 8  

( cont . )  

0 . 9 6 9 6  
0 . 9625  
0 . 9 4 9 9  
0 . 9175  
0 . 8 543  
o . o o o o  
0 . 9 4 B 8  
0 . 9 7 0 3  
0 . 9 B 0 1  
0 . 981B  
0 . 9 8 0 9  
0 .  9772  
0 . 9 6 8B 
0 . 9 4 9 8  
0 . 9159  
0 . 8 6 05 
0 . 0 0 0 0  
0 . 9 7 03 
0 . 9 8 2 7  
0 . 9 8 7 8  
0 . 9 B 8 2  
0 . 9 8 6 8  
0 . 9 B 22 
0 . 9 7 0 5  
0 . 9 6 0 8  
0 . 931B  
0 . 9 0 9 7  
o . o o o o  
0 . 9 8 4 0  
0 . 9 90 3 4  
0 . 9 9 2 9 B  
0 . 9 9 2 6 2  
0 . 9 9 0 4 6  
0 . 9 B 4 3  
0 . 9 7 7 4  
0 . 9 6 4 B  
0 . 9 3 2 6  
0 . 0000  
0 . 9 9 5 0 6  
0 . 9 9 6 0 B  
0 . 9 9 5 4 6  
0 .  9 9 2 7 1  
0 . 9 B 9 6  
0 . 9B62  
0 . 9591  
o . o o o o  
0 . 9 9 7 5 7  
0 . 9 9 7 9 4  
0 . 9 9 7 9 5  
0 .  9 9 7 7 0  
0 .  9 9 715 
0 . 9 9 5 B 4  
0 . 9 9 4 4 5  
0 . 9 B 2 9  
0 . 0000  
0 . 9 9 814  
0 . 9 9 8 8 0  
0 . 9 9 B 9 5  
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294 Alkanes: Pressure G reater Than 0.2 MPa 

1 .  Methane : CH4 :  [ 7 4-82-8 ]  

2 .  Butane : C 4 H 1 o 1  [ 106-9 7-8 ] 

EXPERIMENTAL VALUES :  

T/K 

1 9 0 . 58  

1 8 9 . 0 6 

1 7 7 . 6 2  

16 6 . 5 0 

155 . 3 8 

144 . 2 6  

P/psi 

4 0 0  
5 0 0  
6 0 0  
6 7 1  

0 . 10 9  
101 . 1  
20 1 . 0  
3 00 . 3  
4 0 0  
5 0 1  
5 5 0  
6 0 0  
6 3 6  

0 . 0 3 6 0  
5 0 . 0 

100 . 1  
149 . 8  
19 9 . 9  
299 . 9  
350  
400  
4 2 0  
4 2 0  
4 4 0  

0 . 0106 
50 . 0  

10 0 . 0  
150 . 0  
2 0 0 . 0  
25 0 . 0  
2 9 6  

0 . 0 0 2 6 4  
2 0 . 1  
5 0 . 1  

100 . 1  
150 . 1  
1 8 7  

0 . 0 005 
2 5 . 2  
4 9 . 9  
9 9 . 9 

115 

P/MPa 

2 . 758 
3 . 4 4 7  
4 . 1 37 
4 . 6 2 6  
0 . 00075  
0 . 6 9 7  
1 .  3 8 6  
2 . 0 7 0  
2 . 7 58 
3 . 4 5 4  
3 . 792 
4 . 1 37 
4 . 385 
0 . 0 0 0 2 4 8  
0 . 345 
0 . 6 9 0  
1 .  0 3 3  
1 .  3 7 8  
2 . 0 6 8  
2 . 4 1 3  
2 . 7 5 8  
2 . 8 9 6  
2 . 8 96 
3 . 0 34 
0 . 0 0 0 0 7 3  
0 . 3 45 
0 . 6 8 9  
1 .  0 3 4  
1 .  3 7 9  
1 .  724  
2 . 04 1  
0 . 000018  
0 . 1 3 9  
0 . 3 4 5  
0 . 6 9 0  
1 . 0 35  
1 . 2 8 9  
0 . 0 0 0 0 0 3  
0 . 17 4  
0 . 3 4 4  
0 . 6 8 9  
0 . 7 93  

Elliott , D .  G . : Chen , R .  J .  J . :  

Chappelear , P .  S . : Kobayashi , R .  

J .  Chern . Eng . Da ta 

1 9 7 4 , 1 9 ,  71-7 . 

Mole fraction of methane 
in liquid , in gas , 

xCH 4 YCH 4 

0 . 5314  
0 . 7031  
0 . 9 4 6 9  
1 .  0 0 0  
0 . 0 0 0 0  
0 . 15 2 6  
0 . 2 8 6 0  
0 . 4150  
0 . 5521 
0 . 7511 
0 . 9 0 0 9  
0 . 9 80 8  
1 .  0 0 0  
0 . 0 0 0 0  
0 . 0 9 7 9 6  
0 . 18 7 9  
0 . 2 8 0 4  
0 . 3716  
0 . 5812 
0 . 72 8 8  
0 . 9 3 7 0  
0 . 9 7 9 3  
0 . 9 8 4 1  
1 .  0 0 0  
0 . 0 0 0 0  
0 . 1370  
0 . 2 6 4 0  
0 . 3 9 3 0  
0 . 5451  
0 . 7910  
1 .  000  
0 . 0000  
0 . 0 8 016 
0 . 1925  
0 . 3 8 6 0  
0 . 6 6 7 8  
1 .  0 0 0  
0 . 0 0 0 0  
0 . 1492  
0 . 3 006  
0 . 8173  
1 .  0000  

0 . 9 9 8 8 9  
0 . 9 9 8 6 6  
0 . 9 9 8 2 3  
1 .  0 0 0  
0 . 00 0 0  
0 . 9 9 8 3 5  
0 . 9 9 8 9 6  
0 . 9 9 9 0 8 3  
0 . 9 9 9 0 4 9  
0 . 9 9 8 7 5  
0 . 9 9 8 6 1  
0 . 9 9 8 7 3  
1 . 000  
0 . 0 0 0 0  
0 . 9 99001  
0 . 9 9 9 3 9 1  
0 . 999531  
0 . 9 9 9 5 9 7  
0 . 9 9 9 6 5 1  
0 . 9 9 9 6 5 1  
0 . 9 9 9 671  
0 . 9 9 9 7 6 7  
0 . 9 9 9 7 6 7  
1 . 00 0  
0 . 0 0 0 0  
0 . 9 9 9 6 5 6  
0 . 9 9 9 8 0 1  
0 . 9 9 9 831  
0 . 9 9 9 8 6 6  
0 .  9 9 9 9 11 
1 . 0 0 0  
0 . 0000  
0 . 9 9 9 8 2 8  
0 . 999901  
0 . 9 9 9 9 4 0  
0 . 9 9 9 9 4 8  
1 .  0 0 0  
0 . 00 0 0  
0 . 9 9 9 9 6 0  
0 . 9 9 9 971  
0 . 9 9 9 9 83 
1 .  0000  

a Bubble point analysis by gas chromatography . 

b Critical point of mixture . 



Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methan e ;  CH4 ; [ 74 - 8 2 - 8 ]  

2 .  Butane ; C4 H 1 o l [ 1 0 6 - 9 7 - 8 ] 

VARIABLES : 

Temperature ,  pressure 

EXPERIMENTAL VALUES : 

T/K 

2 8 3 . 15 

2 5 5 . 35 

2 2 7 . 55 

Pjpsi 

21 . 6  
5 1  

1 0 0  
2 0 1  
4 0 0  
6 0 0  
BOO  

1 0 0 0  
1 2 0 0  
1 4 0 0  

7 . 26 
20  
5 0  

1 0 0  
4 0 0  
5 9 9  
9 9 8  

1 3 9 7  
1 5 9 7  

1 .  7 7  
5 0  

1 0 0  
2 0 0  

P/MPa 

0 . 14 8 9  
0 . 35 2  
0 . 6 8 9  
1 .  3 8 6  
2 . 75 8  
4 . 13 7  
5 . 5 1 6  
6 . 8 9 5  
8 . 2 7 4  
9 . 6 5 3  
0 . 0 5 0 1  
0 . 13 8  
0 . 34 5  
0 . 6 89 
2 . 7 5 8  
4 . 1 3 0  
6 . 8 8 1  
9 . 6 3 2  

11 . 011 
0 . 0 1 2 2  
0 . 34 5  
0 .'6 8 9  
1 .  3 7 9  

ORIGINAL MEASUREMENTS : 

Kahre , L .  c .  

J .  Chern . En g .  Da ta 

1 9 7 4 , 1 9 ,  6 7 . 

P REPARED BY : 

c .  L .  Young 

Hole fraction of methane 
in liqui d ,  in vapor , 

xcH � YcH .. 

o . o o 
0 . 01 3  
0 . 0 3 5  
0 . 0 7 6  
0 . 15 2  
0 . 2 32 
0 . 30 4  
0 . 3 7 7  
0 . 4 4 2  
0 . 51 4  
o . o o b 0 . 0 6 3  b 0 . 0 2 12b 0 . 0 4 6 1  
0 . 19 5  
0 . 2 9 2 5  
0 . 4 7 0  
0 . 6 5 1  
0 . 75 8  
o . o o b 0 . 0 34 
0 . 06 9b 0 . 13 9  

( cont . )  

o . o o 
0 . 56 6  
o .  7 7 5  
0 . 8 7 5  
0 . 92 5  
0 . 9 3 9  
0 . 9 4 1  
0 . 9 4 1  
0 . 9 3 3  
0 . 92 4  
o . o o 
0 . 6 2 3  
0 . 84 6  
0 . 9 1 7 4  
0 . 9 7 0 4  
0 . 9 7 4 6  
0 . 9 7 1 0  
0 . 9 5 31 
0 . 9 3 1 7  
o . o o 
0 . 96 2  
0 . 9 8 0  
0 . 9 8 8  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

295 

Apparatus for isotherm at 2 8 3 . 15 1 .  Phillips Petroleum Co . research 

described in ref . ( 1 ) . Other iso- grade methane . 

therm determined with a re-

circulating vapor flow apparatus 

described in ref . ( 2 ) . 

Liquid sample added to windowed 

equi librium cel l ,  air remove d .  

Methane added to cell and re

circulated for at least Vz hour . 

Samples analysed by G . C .  

2 .  Phillips Petroleum Co . research 

grade butane . 

ESTIMATED ERROR: 

o T/K = ± 0 . 0 5 ;  

oxCH 4  = ± 2 % ;  

REFERENCES : 
1 .  Kahre , L .  

oP/MPa = ± 0 . 0 1 5 ; 

o ( l-ycH 4 l = 2 % . 

J . Ch ern . Eng . Data 1 9 7 3 , 1 8 ,  2 6 7 . 

2 .  Wichterle , I . ;  Kobayashi , R .  J .  
J . Chern . Eng . Da ta 1 9 7 2 , 1 7 ,  4 .  



296 Alkanes: Pressure Greater Th an 0.2 M Pa 

1 .  Methane : CH 4 : [ 7 4 -82-8 ] Kahre , L .  C .  

2 .  Butane : C 4 H 1 o :  [ 1 0 6 -9 7-8 ]  J . Chern . Eng . Data 

1 9 7 4 , 1 9 1 6 7 .  

EXPERIMENTAL VALUE S :  
Mole fraction of methane 

T/K Pjpsi P/MPa in liquid,  in  vapor , 

XCH � YCH 4 

227 . 55 2 9 9  2 . 06 2  0 . 2 0 9  0 . 9 9 0 7  
4 9 9  3 . 4 40  0 . 3 50 0 . 9918  
798  5 . 5 02 0 . 5 34 0 . 9 9 0  
9 9 8  6 . 8 81 0 . 6 5 6  0 . 9 85 

1197  8 . 2 53  0 . 805  o .  972  
210 . 95 0 . 6 2 0 . 0 0 4 3  0 . 0 0  b o . o o 

20  0 . 138  O . Ol 9b 0 . 9 6 9  
4 0  0 . 276  0 . 0 3 8  0 . 9 8 4  
8 0  0 . 5 52 0 .  0 7 7b 0 . 9 9 13 

1 2 0  0 . 8 2 7  0 . lllb 0 . 9 9 3 6  
1 6 0  1 . 1 0 3  0 . 1 4 8  0 . 9 9 4 8  
2 0 0  1 .  3 7 9  0 . 18 4  0 . 9 9 5 5  
3 9 9  2 . 751 0 . 351 0 . 9 9 6 5  
5 9 9  4 . 1 30 0 . 532  0 . 9 95 9  
7 9 8  5 . 502  o .  721 0 . 9 9 3 4  
9 3 6  6 . 4 53  . . . 0 . 9 8 6 7  
9 7 3  6 . 7 09  0 . 933  0 . 9 8 0 2  

194 . 10 0 . 17 0 . 0 012 0 . 0 0 b o . o o 
20  0 . 1 38  0 . 025b 0 . 9917  
40  0 . 276  0 . 051  0 . 9 9 5 5  
81 0 . 5 5 8  0 . 1 0 3  0 . 9 9 75 

100  0 . 6 89 0 . 13 0  0 . 9 9 7 9  
2 0 0  1 .  3 7 9  0 . 2 4 8  0 . 9 9 8 6  
3 9 9  2 . 7 51 0 . 5 00 0 . 9 9 8 8  
5 9 5  4 . 1 02 0 . 8 3 0  0 . 9 9 8 0  
6 2 7  4 . 3 23  0 . 8 96 0 .  9 9 7 7  
6 4 9  4 . 475  0 . 9 3 0  0 . 9 9 7 5  
6 7 7  4 . 6 6 8  0 . 9 6 8  0 .  9 9 7 2  

1 8 5 . 95 0 . 08 4  0 . 0 0 0 5 8  0 . 00 b 0 . 0 0 
2 0  0 . 1 3 8  0 . 02 8  0 . 9 9 5 6  
5 0  0 . 3 45 0 . 0 6 9  0 . 9 9 8 1  

1 0 0  0 . 6 8 9  0 . 14 4  0 . 9 9 89 
2 0 0  1 . 3 7 9  0 . 2 9 0  0 . 9 9 9 2 7  
2 9 9  2 . 062  0 . 4 4 4  0 . 9 9 9 3 4  
3 9 9  2 . 7 51 0 . 6 0 8  0 . 9 9 9 2 6  
4 4 9  3 . 0 9 6  o .  7 2 8  0 . 9 9 9 2 0  
4 9 9  3 . 4 40  o .  8 71 0 . 9 9 9 1 4  
5 4 9  3 . 785 o .  972  0 . 9 9 9 3 1  
5 7 8  3 . 9 85 1 .  00 1 .  00 

1 77 . 5 5 0 . 035 0 . 0 0 0 2 4  0 . 0 0 b 0 . 00 
2 0  0 . 13 8  0 . 0 3 6  0 . 9 9 8 1  
5 0  0 . 3 45 0 . 091  0 . 9 9 918 

100 0 . 6 8 9  0 . 1 8 0  0 . 9 9 9 5 0  
2 0 0  1 .  379  0 . 36 0  0 . 9 9 9 6 3  
2 9 9  2 . 062  0 . 5 73 0 . 9 9 9 6 7  
3 5 4  2 . 4 41 0 . 7 32 0 . 9 9 9 6 6  
3 8 6  2 . 6 6 1  0 . 875  0 . 9 9 9 6 7  
4 0 4  2 . 785  0 . 9 3 4  0 . 9 9 9 7 0  
4 4 1  3 . 0 41 1. 00 1 .  00 

1 6 6 . 45 0 . 010  0 . 0 0 0 0 6 9  0 . 0 0 b o . o o 
2 0  0 . 13 8  0 . 0 4 7  0 . 9 9 9 4 0  
4 9  0 . 33 8  0 . 1 16 0 .  9 9 972 

100 0 . 6 8 9  0 . 2 51 0 . 9 9 9 8 4  
1 4 8  1 .  020 0 . 379  0 . 9 9 9 8 7  
1 9 9  1 . 372  0 . 5 45 0 . 9 9 9 8 9  
2 4 9  1 .  7 1 7  0 . 7 53 0 . 9 9 9 9 0 2  
272  1 .  875  0 . 8 9 7  0 . 9 9 9 9 20  
283  1 .  951  0 . 9 50 0 . 9 9 9 9 4 3  
2 9 8  2 . 0 55 1 . 00 1 . 00 



Alkanes:  Pressure Greater Than 0.2 MPa 

Cm!PONENTS : 

1 .  tie thane ; CH � ; [ 74 - 8 2 - 8 ]  

2 .  2-Yethylpropane ( i sobutane ) ;  

C � H 1 o i  [ 7 5-28-5 ] 

CRITICAL EVALUATION : 

EVALUATOR: 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3 0 5 2 , 
Australia . 

Harch 1 9 8 2  

The most extensive sets of data o n  this system are those o f  Barsuk e t  

a Z .  ( 1 ) . These data which cover the temperature ran�e 1 9 8  to 3 7 7  K and 

are in reasonable agreer.1ent '\'lith those of Olds e t  a Z .  ( 2 )  at 3 10 . 9  K and 

344 . 2 5 K .  There are significant discrepancies between the two sets of 

data at 377 . 6  K and near the critical region at the low temperatures . 

References 

1 .  Barsuk , S .  D . ; Skripka , V .  G . ; Benyaminovic h ,  0 .  A .  

Gazov . Prom.  1 9 7 0 , 1 5 ,  3 8 . 

2 .  Olds , R .  H . ; Sage , B .  H . ; Lacey , W .  U .  
Ind. Eng . Chern. 19 4 2 ,  34 , 1 0 0 8 . 
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298 Alkanes: Pressure Greater Tha n  0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  2-Methylpropane ( i s obutane ) ; 
C 4 H r o i [ 7 5-28- 5 ]  

Olds , R .  H . ; Sage , B .  H . ; 
Lacey , w .  N .  
Ind . Eng . Chern.  

1 9 4 2 ,  3 4 ,  1 0 08-1013 . 

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 

Wt . fraction 
of methane 

Mole fraction 
of methane 

P/MPa p/psi in liquid , in vapor , in liquid , in vapor , 

3 10 . 9  
( 1 0 0 )  

3 4 4 . 3  
( 16 0 )  

0 . 55 
0 . 6 9 
1 . 03 
1 .  3 8  
2 . 07 
2 . 7 6 
3 . 4 5 
4 . 14 
4 . 8 3 
5 . 52 
6 . 2 1 
6 . 8 9 
7 . 58 
8 . 2 7 
8 . 9 6 
9 . 6 5 

1 0 . 3 4 
1 1 . 03  
11 . 5 8 

1 .  3 8  
2 . 07 

8 0  o .  0 0 0 7 7  
1 0 0  0 . 0 0 3 1 1  
1 5 0  0 . 0 0 8 4 3  
2 0 0  0 . 0 1 4 0 0  
3 0 0  0 . 0 2 5 8 6  
4 0 0  0 . 0 3 7 9 3  
5 0 0  0 . 0 5 0 7 6  
6 0 0  0 . 0 6 4 3 4  
7 0 0  0 . 0 7 8 7 0  
8 0 0  0 . 0 9 3 9 0  
9 0 0  0 . 1 0 9 8  

1 0 0 0  0 . 12 6 6  
1 1 0 0  0 . 14 4 9  
1 2 0 0  0 . 16 4 8  
1 3 0 0  0 . 18 7 0  
1 4 0 0  0 . 2 1 2 3  
1 5 0 0  0 . 2 4 3 0  
1 6 0 0  0 . 2 8 5 8  
1 6 7 9  0 . 3 8 0 0  

2 0 0  0 . 0 0 3 5 9  
3 0 0  0 . 0 1 3 4 5  

( cont . )  

0 . 02 4 8  
0 . 0 9 2 9  
0 . 2 0 4 9  
0 . 2 8 6 9  
0 . 4 0 3 1  
0 . 4 6 4 6  
0 . 5 0 7 6  
0 . 5 3 8 0  
0 . 5 5 9 4  
0 . 5 7 4 0  
0 . 5 8 2 6  
0 . 5 8 5 9  
0 . 58 4 5  
0 . 57 8 5  
0 . 56 7 3  
0 . 5 4 9 8  
0 . 5 2 3 3  
0 . 4 810  
0 . 3 8 0 0  
0 . 0 4 9 2  
0 . 14 6 8  

a:CH4 YcH 4 

0 . 0 0 2 7 8  0 . 08 4 3  
0 . 01117 0 . 27 0 4  
0 . 02 9 8 5  0 . 4 8 2 6  
0 . 04 8 8 8  0 . 59 2 9  
0 . 0 8 7 6 6  0 . 7 0 9 7  
0 . 12 4 9  0 . 7 5 8 5  
0 . 16 2 2  0 . 7 8 8 6  
0 . 19 9 3  0 . 8 0 8 2  
0 . 2 3 6 2  0 . 8 2 1 3  
0 .  2 7 2 8  0 . 8 2 9 8  
0 . 4 2 7 3  0 . 8 3 4 8  
0 . 3 4 4 1  0 . 8 3 6 6  
0 . 38 0 2  0 . 8 3 5 8  
0 . 4 1 6 6  0 . 8 3 2 4  
0 . 4 5 4 3  0 . 82 5 9  
0 . 4 93 8  0 . 8155  
0 . 5 3 7 4  0 . 7 9 8 9  
0 . 5 9 1 6  0 .  7 7 0 3  
0 . 6 8 9 3  0 . 6 8 9 3  
0 . 0 1 2 8 7  0 . 15 7 7  
0 . 0 4 7 0 2  0 . 3 8 3 8  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pressure 

measured with pressure balance . 

Temperature measured with resistance 

thermometer . Bubble point and dew 

point determined for various compo

sitions from discontinuity in PV 

isotherm . Coexisting liquid and 

gas phase properties determined by 

graphical means . 

ref .  ( 1 ) . 

Details in 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample treated for removal 
of higher alkanes , carbon di
oxide and water vapor . Final 
purity 9 9 . 9  mole per cent . 

2 .  Phillips Petroleum sample , purity 
at least 9 9 . 97 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 0 07 ; 
oa:CH4 = ± 0 . 0 0 1 ; oyCH4 = ± 0 . 00 5  

( e stimated b y  compiler ) .  
REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w .  N .  
Trans . Am . Ins t .  Mining Me t .  Engn:roa . 

1 94 0 ,  1 3 6 ,  1 3 6 . 
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COMPONENTS : 

1 .  Methane : CH4 : [ 74 - 8 2 - 8 ]  

2 .  2-Methylpropane { i sobutane)  
C 4 H 1 o : [ 75 - 2 8 - 5 ]  

EXPERIMENTAL VALUES : 

T/K 

3 4 4 . 3  
( 1 6 0 )  

3 7 7 . 6  
{ 2 2 0 )  

P/MPa 

2 . 7 6 
3 . 4 5 
4 . 14 
4 . 8 3 
5 . 52 
6 . 2 1 
6 . 8 9 
7 . 5 8 
8 . 2 7 
8 . 9 6 
9 . 6 5 

1 0 . 0 5 
2 . 7 6 
3 . 4 5 
4 . 14 
4 . 8 3 
5 . 52 
6 . 2 1 
6 . 8 9 
7 . 14 

p /psi 

4 0 0  
5 0 0  
6 0 0  
7 0 0  
8 0 0  
9 0 0  

1 0 0 0  
1 1 0 0  
1 2 0 0  
1 3 0 0  
1 4 0 0  
1 4 5 7  

4 0 0  
5 0 0  
6 0 0  
70 0  
8 0 0  
9 0 0  

1 0 0 0  
1 0 3 5 

ORIGINAL MEASUREMENTS : 

Olds , R .  H .  i Sage , B .  H. : 
Lacey , W .  N .  

Ind . Eng . Chern . 

1 9 4 2 , 34 , 1 0 08-1013 . 

Wt . fraction 
of methane 

in liquid , in vapor , 

0 . 0 2 3 8 1  
0 . 0 3 4 8 1  
0 . 0 4 6 4 5  
0 . 0 5 8 7 5  
0 . 0 7 2 0 0  
0 . 0 8 6 2 4  
0 . 1 0 2 0  
0 . 11 8 9  
0 . 13 8 1  
0 . 16 2 3  
0 . 19 8 0  
0 . 25 8 0  
0 . 0 0 8 7 1  
0 . 0 1 9 1 2  
0 . 0 3 0 3 0  
0 . 0 4 1 6 0  
0 . 0 5 4 6 0  
0 . 0 7 0 3 0  
0 . 0 9 3 7 0  
0 . 1 2 3 0  

0 . 2 1 3 9  
0 . 2 6 3 3  
0 . 2 9 9 8  
0 . 3 2 6 2  
0 . 3 4 5 4  
0 . 3 5 8 7  
o .  3 6 7 7  
0 . 3 6 8 3  
0 . 3 6 3 1  
o .  3 4 7 7  
0 . 3 1 5 6  
0 . 25 8 0  
0 .  0 4 7 2  
0 . 0 8 7 6  
0 . 11 8 2  
0 . 13 8 7  
0 . 1 5 2 1  
0 . 1 5 8 0  
0 . 14 8 8  
0 . 1 2 3 0  

Mole fraction 
of methane 

in liquid , in vapor , 
xCH4 YcH 4  

o .  0 8 1 1 2  
0 . 1155 
0 . 1 4 9 9  
0 . 18 4 3  
0 . 21 9 2  
0 . 2 5 4 6  
0 . 2 91 3  
0 . 3 2 8 1  
0 . 3 6 7 1  
0 . 4 1 2 2  
0 . 4 7 1 9  
0 .  5 5 7 2  
0 . 0 3 0 8 2  
0 . 0 6 5 9 0  
0 . 1016  
0 . 13 5 8  
0 . 1 7 2 9  
0 . 21 4 9  
0 . 2 7 2 3  
0 . 3 3 6 7  

0 . 4 96 2  
0 . 5 6 4 0  
0 . 6 0 7 8  
0 . 6 3 6 7  
0 . 6 5 6 3  
0 . 6 6 9 4  
0 .  6 7 7 9  
0 . 67 8 5  
0 . 6 7 3 6  
0 . 6 5 8 6  
0 . 6 2 5 3  
o .  5 5 7 2  
0 . 15 2 0  
0 . 2 5 7 9  
0 . 32 6 7  
0 . 36 8 2  
0 . 3 9 3 7  
0 . 4 0 4 5  
0 . 3 8 7 5  
0 . 3 3 6 7  
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COMPONENTS : 
1 .  Methane ; CH 4 ;  [ 7 4-82- 8 ]  

2 .  2-Hethylpropane ; C4 H 1 o ;  

VARIABLES :  

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K 

19 8 . 1 5 4 . 9  
9 . 8  

19 . 6  
29 . 4  
39 . 2  
4 9 . 0  
53 . 4  

213 . 1 5 4 . 9  
9 . 8  

19 . 6  
29 . 4  
39 . 2  
4 9 . 0  
5 8 . 8  
6 8 . 6  
70 . 6  

233 . 1 5 4 . 9  
9 . 8  

19 . 6  
2 9 . 4 
39 . 4  
4 9 . 0  
58 . 8  

METHOD /APPARATUS /PROCEDURE : 

ORIGINAL MEASUREMENTS : 

[ 7 5-28-5]  

Barsuk , S . D . ; Skripka , V . G . ; 
Benyaminovich , O . A .  

Ga z o v .  Prom . 1970 , 1 5, 38-4 1 .  

PREPARED BY : 

C . L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH 4 YcH4  

0 . 0 9 2  0 . 9 9 3  
0 . 1 84 0 . 99 6  
0 . 3 5 4  0 . 99 8  
0 . 5 23  0 . 9 9 8  
0 . 6 9 8  0 . 99 7  
0 . 8 2 6  0 . 995  
0 . 9 81 0 . 981  

0 . 0 74  0 . 98 1  
0 . 1 4 1  0 . 9 8 8  
0 . 2 6 9  0 . 993  
0 . 3 9 4  0 . 99 6  
0 . 5 16 0 . 995  
0 . 6 35  0 . 993  
0 . 7 5 5  0 . 9 9 1  
0 . 8 9 0  0 . 97 3  
0 . 9 6 0  0 . 9 6 0  

0 . 0 5 8  0 . 94 8  
0 . 1 11 0 . 96 6  
0 . 201  0 . 9 8 0  
0 . 293  0 . 9 8 5 
0 . 3 8 2  0 . 9 8 6 
0 . 4 7 2  0 . 9 8 5 
0 . 5 6 2  0 . 9 8 3  

AUXI LIARY INFORMAT ION 

SOURCE AND PURITY OF MATERIALS : 
Recirculating vapor flow apparatus 
fitted with magnetic stirrer . 
Temperature measured wi th platinum 
resistance thermometer . Liquid 
and gas phases analysed by gas 
chromatography . Details in source 
and ref . ( 1 ) . 

Both samples had purity of 
9 9 . 5  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/10 5 Pa = ± 0 . 4 ;  
oxCH4 ' 0YCH4 = ± 3 %  

REFERENCES : 
1 .  Skripka , V .G . ; Barsuk , S . D . ; 

Nikitina , I . E . ; Benyaminovich , 
o . A .  

Ga zov . Prom . 1964 , 1 4 ,  41 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � • [ 74 - 8 2- 8 ]  Barsuk , S . D . ; Skripka , V . G . ; 
Benyaminovich , O . A .  

2 .  2-Methylpropane ; C � H 1 o ; [ 7 5- 2 8 - 5 ]  
Gazov . Prom . 1 9 7 0 , 1 5,  3 8 -4 1 . 

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K P/10 5Pa in liquid,  in vapor , 
xCH � YcH� 

2 3 3 . 15 6 8 . 6  0 . 6 5 1  0 . 9 7 8  
7 8 . 5  0 . 74 5  0 . 9 7 1  
8 8 . 3  0 . 85 0  0 . 95 2  
9 1 . 2  0 . 9 0 8  0 . 9 0 8  

2 5 3 . 15 4 . 9  0 . 0 3 8  0 . 67 0  
9 . 8  0 . 0 8 0  0 . 89 4  

1 9 . 6  0 . 1 5 5  0 . 9 4 6  
2 9 . 4  0 . 2 3 0  0 . 9 6 3  
3 9 . 2  0 . 3 0 6  0 . 9 6 7  
4 9 . 0  o .  3 7 7  0 . 9 6 6  
58 . 8  0 . 4 4 9  0 . 9 64  
6 8 . 6 0 . 5 2 0  0 . 9 6 2  
7 8 . 5  0 . 5 9 3  0 . 9 5 7  
8 8 . 3  0 . 6 7 0  0 . 9 4 8  
9 8 . 1  0 . 7 54  0 . 9 2 4  

1 0 6 . 5  0 . 85 6  0 . 85 6  

2 7 3 . 15 4 . 9  0 . 0 24 -
9 . 8  0 . 0 6 0  0 . 82 9  

1 9 . 6  0 . 13 2  0 . 8 9 9  
2 9 . 4  0 . 2 0 0  0 . 9 2 1  
3 9 . 2  0 . 2 6 8  0 . 9 3 0  
4 9 . 0  0 . 3 3 1  0 . 9 3 5  
5 8 . 8 0 . 3 9 3  0 . 9 3 8  
6 8 . 6  0 . 4 5 7  0 . 9 3 9  
7 8 . 5  0 . 521 0 . 93 7  
8 8 . 3  0 . 5 8 6  0 . 9 3 1  
9 8 . 1  0 . 6 5 1  0 . 91 8  

10 7 . 9  o .  7 1 4  0 . 8 89 
1 1 4 . 9  0 . 810 0 . 810  

2 9 3 . 15 4 . 9  0 . 0 1 2  0 . 34 0  
9 . 8  0 . 0 4 3  0 . 74 1  

1 9 . 6  0 . 10 2  0 . 8 2 7  
2 9 . 4  0 . 16 3  0 . 8 6 0  
3 9 . 2  0 . 2 2 2  0 . 8 8 0  
4 9 . 0  0 . 2 8 1  0 . 8 9 0  
5 8 . 8  0 . 3 3 9  0 . 8 9 8  
6 8 . 6  0 . 3 9 6  0 . 8 9 9  
7 8 . 5  0 . 4 54  0 . 89 6  
8 8 . 3  0 . 5 1 2  0 . 8 8 9  
9 8 . 1  0 . 5 74 0 . 87 7  

1 07 . 9  0 . 6 3 8  0 . 854  
117 . 7  0 . 7 2 5  o .  7 7 8  
117 . 9  0 . 7 5 0  0 . 75 0  

310 . 9 5 4 . 9  0 . 0 0 2  0 . 03 0  
9 . 8  0 . 0 3 0  0 . 4 8 5  

1 9 . 6  0 . 0 8 4  0 . 7 0 7  
2 9 . 4  0 . 14 0  0 . 77 0  
3 9 . 2  0 . 1 9 4  0 . 8 0 5  
4 9 . 0  0 . 2 4 9  0 . 8 2 4  
58 . 8  0 . 3 03  0 . 8 3 4  
6 8 . 6  0 . 3 5 7  0 . 8 3 5  
7 8 . 5  0 . 4 1 2  0 . 8 3 3  
8 8 . 3  0 . 4 6 7  0 . 82 4  
9 8 . 1  0 . 5 24 0 . 8 0 7  

1 07 . 9  0 . 6 0 3  0 . 76 0  
11 2 . 0  0 . 6 9 0  ·0 . 6 9 0  
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COMPONENTS : ORIGINAL MEASUREMENTS :  

1 .  Methane ; CH 4 ; [ 7 4-82- 8 ]  

2 .  2-Methylpropane ; C4 H1 0 ; [ 75-28-5 ]  

Barsuk , S . D . ; Skripka , V . G . ; 
Benyarninovich , O . A .  

EXPERIMENTAL VALUES :  

T/K 

344 . 25 14 . 7  
1 9 . 6  
2 9 . 4  
39 . 2  
4 9 . 0  
5 8 . 8  
6 8 . 6  
7 8 . 5  
8 8 . 3  
97 . 0  

377 . 55 24 . 5  
2 9 . 4  
39 . 2  
4 9 . 0  
58 . 8  
6 8 . 6  
6 8 . 9  

Gazov . PPom .  19 7 0 ,  1 5, 38-41 . 

Mole fraction of methane 
in liquid , in vapor , 

xCH 4 YCH4 

0 . 01 8  0 . 2 3 1  
0 . 04 5  o .  3 7 7  
0 . 0 9 6  0 . 531  
0 . 14 5  0 . 6 0 5  
0 . 19 6  0 . 6 4 5  
0 . 24 8  0 . 6 7 0  
0 . 301 0 . 6 8 0  
0 . 3 5 8  0 . 6 7 6  
0 . 4 25 0 . 6 54 
0 . 558 0 . 558  

0 . 01 8  0 . 111 
0 . 04 4  0 . 20 0  
0 . 0 9 6  0 . 3 06  
0 . 1 50  0 .  377  
0 . 20 8  0 . 4 0 5  
0 . 316 0 . 3 5 8  
0 . 337 0 . 3 3 7  



Alkanes: Pressure Greater Tha n  0.2 MPa 

COMPONENTS :  

1 .  Methane : CH4 : [ 74 - 8 2 - B ]  

2 .  Pentane : C 5H 1 2 : [ 10 9 - 6 6 - 0 ]  

EVALUATION : 

EVALUATOR : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkvi lle , Victoria 3 05 2 , 
Australia . 

March 1 9 8 2  
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This system has been studied over the temperature range 1 7 6 . 2  K to 
4 4 4 . 3  K. The data of Frolich e t  a Z .  ( 1 )  are classified as doubtful on 
account of their low precis ion and graphical presentation . The data of 
Boomer e t  a Z .  ( 2 )  are also classified as doubtful in view of the fact that 
significant amounts of nitrogen were present in the system . The more 
limited data of Velikovskii e t  a Z .  ( 3 )  are rej ected since they are 
restricted to 2 7 3 . 2  K and the methane used contained about 1 . 5  mole per 
cent nitrogen . 

The data of Prodany and Williams ( 4 )  and Sage and coworkers ( 5 ) , ( 6 )  
are classified as tentative . The earlier data of Sage e t  a Z .  ( 5 )  are 
more limited than the latter data ( 6 )  although they cover part of the 
same temperature range . The later data covers the temperature range 
310  K - 3 4 4  K ( 100  °F - 3 4 0  ° F ) . The data published by Prodany and 
Williams ( 4 )  are probably more accurate than those of Sage and coworkers 
( 5 )  and ( 6 )  but are restricted to 3 7 7 . 6  K ( 2 2 0  ° F ) . 

The data of Kahre ( 7 )  and Chu e t  a Z .  ( B )  cover a similar temperature 
( 1 7 6  K to 2 8 3  K) and pressure range . However , recommendation of either 
set of data is unwarranted since there are some discrepancies between the 
two sets of data . Both sets of data are therefore classified as 
tentative . 

Dew point data for this system has been obtained by Chen e t  a Z .  ( 9 )  
but are not compiled nor evaluated here . 

References 

1 .  Frolich , P .  K . ; Tauch , E .  J . : Hogan , J .  J . ; Peer , A .  A .  
Ind . Eng . Chem . , 1 9 3 1 ,  23 , 5 4 8 .  

2 .  Boome r ,  E .  H . ; Johnson , C .  A . ; Piercey , A .  G .  A .  
Can . J .  Res . , 1 9 3 8 , B1 6 ,  3 1 9 . 

3 .  Velikovskii ,  A .  S . ; Stepanova , G .  S . ;  Vybornova , Ya . I .  
Gaz ov. Prom . , 1 9 6 4 ,  9 ( 2 ) , 1 .  

4 .  Prodany , N .  W . ; Williams , B .  
J .  Chem . Eng . Da ta , 1 97 1 ,  1 6 ,  1 .  

5 .  Sage , B .  H. ; Webster , D .  C . : Lacey , w .  N .  
Ind. Eng . Chem . , 1 9 3 6 , 28 , 1 0 4 5 . 

6 .  Sage , B .  H . ; Reame r ,  H .  H . ; Olds , R .  H . ; Lacey , W .  N .  
Ind . Eng . Chem . , 1 94 2 , 34 , 1 1 0 8 . 

7 .  Kahre , L .  C .  
J.  Chem . Eng . Da ta , 1 97 5 ,  2 0 ,  3 6 3 . 

B .  Chu , T .  c . : Chen , R .  J .  J . : Chappelear , P .  S . :  Kobayashi , R .  
J. Chem . Eng . Data , 1 9 7 6 , 2 1 , 4 1 .  

9 .  Chen , R .  J .  J . : Chappelear , P .  S . ;  Kobayashi , R .  
J .  Chem . Eng . Da ta , 1 9 7 4 , 1 9 ,  5 8 .  
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COMPONENTS : 

l .  Methane ; CH 4 ;  [ 7 4 - 8 2- 8 ]  

2 .  Pentane ; C s H 1 2 ; [ 1 09-66-0]  

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Frolich , P . K . ; Tauch , E . J . ; 
Hogan , J . J . ; Peer , A . A .  

Ind. Eng . Chern . 19 3 1 ,  23, 5 4 8-550 . 

P REPARED BY : 

C . L .  Young 

T/K P/MPa 
* 

Solubility Mole fraction of  + 
methane in liquid , 

2 9 8 . 1 5 1 . 0  
2 . 0  
3 . 0  
4 . 0  
5 . 0  
6 . 0  
7 . 0  
8 . 0  
9 . 0  

1 0 . 0  

15 
31 
4 5  
61 
7 7  
9 5  

113 
129 
147 
166 

XCH 4 

0 . 0 6 6  
0 . 12 8  
0 . 17 6  
0 . 2 25  
0 . 26 8  
o .  311 
0 . 34 9  
0 . 3 8 0  
0 .  411 
0 . 441  

* Data taken from graph in  original article . Volume of gas 
measured at 101 . 3 2 5  kPa pres sure and 2 9 8 . 15 K dis solved 
by unit volume of liquid measured under the same conditions . 

+ Calculated by compiler . 

AUXI LI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static equilibrium cell . Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method . Allowance was made for the 
vapor pressure of the liquid and 
the solubility of the gas at 
atmospheric pres sure . Details 
in source .  

SOURCE AND PURI TY OF MATERIALS : 

Stated that the ma terials were 
the highest purity available . 
Purity 9 8  to 99 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± O . l ;  oxcH4 = ± 5 %  

REFERENCES : 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

2 .  Pentane ; C 5 H 1 2 ; [ 1 0 9 - 6 6- 0 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

31 0 . 9  
( 1 0 0 )  

3 4 4 . 3  
( 1 6 0 )  

3 7 7 . 6  
( 2 2 0 )  

p/psi 

8 5 4  
1 9 4 5  
2 2 2 8  

9 6 8  
2 0 6 4  
2 3 2 7  

1 0 4 3  
2 0 2 6  
2 1 5 2  

P/MPa
t 

5 . 8 9 
13 . 4 1  
15 . 3 6 

6 . 6 7 
14 . 2 3  
16 . 0 4 

7 . 1 9 
1 3 . 9 7  
14 . 8 4 

t 
calculated by compiler . 

ORIGINAL MEASUREMENTS : 

Sage , B .  H . ; Webster , D .  C . ;  
Lacey , W .  -N . 

Ind . Eng . Chern.  

1 9 3 6 , 28 , 1 0 4 5 -1 0 4 7 .  

P REPARED BY : 

Mass fraction 
of methane 

0 .  0 7 1 5  
0 . 2 0 3 1  
0 . 2 7 0 6  

0 .  0 7 1 5  
0 . 2 0 3 1  
0 . 2 7 0 6  

o .  0 7 1 5  
0 . 2 0 3 1  
0 . 2 7 0 6  

c .  L .  Young 

Mole fractiont 

of methane , 

xCH 4 

0 . 2 5 7  
0 . 5 3 4  
0 . 6 2 5  

0 . 2 5 7  
0 . 5 3 4  
0 . 6 2 5  

0 . 2 5 7  
0 . 5 3 4  
0 . 6 2 5  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pressure 

measured with pressure balance . 

Bubble point determined from the 

discontinuity in the pressure , 

volume isotherm. Details of 

apparatus in ref . ( 1 ) . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Prepared from natural gas , treated 
for removal of higher alkanes , 
carbon dioxide and water vapor . 
Final purity 9 9 . 9  mole per cent . 

2 .  Phillips petroleum sample , frac
tionally disti lled , final purity 
probably better than 9 9 . 8  mole 
per cen t .  

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ; oP/MPa = ± 0 . 0 2 ;  

oxCH4 = ± 0 , 0 0 2  ( e stimated by 
compiler) .  

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w .  N .  

Ind . Eng . Chern . 

1 9 3 4 , 2 6 , 1 0 3 . 
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COMPONENTS : 

1 .  Methane; CH , ;  [ 7 4 - 8 2- 8 ]  

2 .  Pentane ; C s H 1 2 ; [ 10 9 - 6 6 - 0 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

3 1 0 . 9 3 1 .  3 8  
2 . 7 6 
4 . 14 
5 . 5 2 
6 . 8 9 

1 0 . 34 
1 3 . 79 
2 0 . 6 8 
2 7 . 5 8 
4 1 . 3 7  
5 5 . 1 6  
6 8 . 9 5  
86 . 1 8 

1 03 . 4  
1 2 0 . 7  
1 3 7 . 9  
1 5 5 . 1  
1 6 9 . 3  

3 4 4 . 26 4 . 1 4 
5 . 52 
6 . 8 9 

10 . 3 4 
1 3 . 7 9 
2 0 . 6 8 
2 7 . 5 8 

METHOD /APPARATUS/PROCEDURE : 

ORIGINAL MEASUREMENTS : 

Sage , B . H . ; Reamer , H . H . ; Olds , R . H .  
Lacey , H . N .  

Ind. Eng . Chem. 1 9 4 2 ,  3 4 ,  110 8-1117 

P REPARED BY : 
C . L .  Young 

Hole fraction of methane 
in l iquid,  in gas ,  

�CH, YcH, 

0 . 0 0 1 5  0 . 2 0 9 0  
0 . 00 8 5  0 . 58 9 3  
0 . 0 1 5 4  0 . 71 6 0  
0 . 0 2 2 1  0 . 77 9 7  
0 . 0 2 8 8  0 . 8 1 7 8  
0 . 0 4 5 8  0 . 8 6 9 6  
0 . 0 6 2 6  0 . 89 4 0  
0 . 0 9 5 7  0 . 9 1 9 5  
0 . 1 2 8 2  0 . 9 3 2 0  
0 . 1911  0 . 9 4 3 0  
0 . 2 5 0 8  0 . 94 6 0  
0 . 3 0 7 7  0 . 94 7 0  
0 . 3 74 8 0 . 9 4 6 0  
0 . 4 3 9 0  0 . 9 4 1 0  
0 . 5 0 4 1  0 . 9 3 3 0  
0 . 57 8 8  0 . 9 2 0 4  
o .  6 7 7 0  o .  8 9 7 2  
0 . 8 2 3 6  0 . 8 2 3 6  

0 . 0 0 5 4  0 . 2 8 0 5  
0 . 0115  0 . 4 5 0 5  
0 . 0 1 7 6  0 . 5 5 2 4  
0 . 0 3 2 9  0 . 6 8 9 4  
0 . 0 4 8 0  0 . 7 5 6 8  
o .  0 7 7 7  0 . 8 1 8 6  
0 . 1 0 7 0  0 . 8 4 8 5  

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

PVT cell charged with mixture of 
known composition . Pressure measured 
with pressure balance . Temperature 
measured using resistance thermometer . 
Bubble point and dew point determin
ed for various compos itions . Co
existing l iquid and gas phase 
properties determined by graphical 
means . Details in ref . ( 1 ) . 

1 .  Crude sample purified by 
removal of C02 and hydrocarbons . 
Final purity of 9 9 . 9  mole per 
cent . 

2 .  Phillips petroleum sample 
purified fractionated purity 
better than 9 9 . 9  mole per cen t .  

ESTIMATED ERROR: 

o T/K = ± 0 . 03 ;  oP/10 Pa = ± 0 . 1  
o�cH, ' oycH, = ± o . o o 2 .  

( e stimated by compiler) 
REFERENCES : 

1 .  Sage , B . H . ; Lacey , W . N . 

Trans . A m .  Ins t .  Mining and Me t .  
Engnrs . 1 9 4 0, 1 3 6, 1 3 6 . 
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COMPONENTS :  ORIGINAL MEASUREMENTS 

1 .  Methane ; CH � ; [ 7 4- 8 2 - 8 ]  Sage , B . H . ; Reamer , H . H . ;  
Olds , R . H .  Lacey , t\T . N .  

2 .  Pentane ; C s H 1 2 i  [ 10 9 - 6 6 - 0 ]  
Ind. Eng . Chern . 1 9 4 2 , 3 4 , 1 1 0 8 -
1 1 1 7 . 

EXPERIMENTAL VALUES :  
Mole fraction o f  methane 

T/K P/1 0 5 Pa in liquid in gas , 
xCH� YcH�  

3 4 4 . 2 6 4 1 . 37  0 . 1 6 5 5  0 . 8 7 8 5  
5 5 . 1 6  0 . 2 2 1 3  0 . 8 9 0 0  
6 8 . 9 5 0 . 2 7 4 3  0 . 8 9 3 7  
8 6 . 1 8 0 . 3 3 8 1  0 . 8 9 2 9  

1 0 3 . 4  0 . 4 0 0 2  0 . 8 8 7 5  
1 2 0 . 7  0 . 4 6 7 0  0 . 87 7 2  
1 37 . 9  0 . 54 6 0  0 . 8 5 5 8  
1 5 5 . 1  0 . 6 6 5 4  0 . 8 1 4 2  
1 61 . 2  0 . 7 6 6 5  0 . 7 6 6 5  

3 7 7 . 59  6 . 89 0 . 0 0 1 5  0 . 04 5 8  
1 0 . 34 0 . 0 1 5 9  0 . 3 3 0 4  
1 3 . 7 9 0 . 0 3 0 1  o .  4 7 2 2  
2 0 . 6 8  0 . 0 5 8 7  0 . 6 1 3 8  
2 7 . 5 8  0 . 0 8 7 0  0 . 6 8 4 6  
4 1 . 3 7  0 . 14 3 5  0 . 7 5 6 6  
5 5 . 1 6  0 . 1 9 8 4  0 . 7 8 8 0  
6 8 . 9 5 0 . 2 5 0 9  0 . 7 9 8 1  
8 6 . 1 8 0 . 3 1 5 6  0 . 8 0 0 9  

1 0 3 . 4  0 . 3 8 1 7  0 . 7 9 4 0  
1 2 0 . 7  0 . 4 5 6 4  0 . 7 5 8 4  
1 37 . 9  0 . 5 6 5 9  0 . 7 4 2 0  
1 4 3 . 5  0 . 6 7 0 5  0 . 6 7 0 5  

4 10 . 9 3  1 3 . 79 0 . 0 0 4 3  0 . 0 5 7 8  
2 0 . 6 8  0 . 0 3 3 8  0 . 3 05 1  
2 7 . 5 8 0 . 0 6 2 3  0 . 4 2 89 
4 1 . 37 0 . 1 1 7 8  0 . 5 5 3 2  
55 . 16 0 . 1 7 2 8  0 . 6 1 3 4  
6 8 . 95 0 . 2 2 9 7  0 . 6 4 2 9  
8 6 . 1 8  0 . 3 0 6 8  0 . 6 4 2 0  

1 0 3 . 4  0 . 4 0 7 6  0 . 6 01 0  
111 . 0  0 . 5 2 1 1  0 . 5211 

4 4 4 . 2 6 2 7 . 58 0 . 0 2 H  0 . 0 9 3 8  
4 1 . 37 0 . 0 8 5 3  0 . 27 9 5  
5 5 . 1 6  0 . 1 5 3 4  0 . 3 5 61 
6 8 . 9 5  0 . 2 5 6 9  0 . 3 3 6 4  
7 0 . 6 7 0 . 2 9 5 0  0 . 29 5 0  

. 



308 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane : CH 4 : [ 7 4- 82-8 ] Prodany , N . W . : Williams , B .  

2 .  Pentane : C sH 1 2 : [ 10 9- 6 6- 0 ] J. Chern.  Engng . Da ta . 1 9 7 1 , 1 6, l- 6 .  

VARIABLES : PREPARED BY : 

Pressure C . L .  Young 

EXPERIMENTAL VALUES : 
Mole fraction of methane 

T/K p/10 5 Pa in l iquid in vapor , 
XCH 4 YcH4 

3 77 . 5 9 6 9 . 0 2 0 . 2 4 7  0 . 8 0 5  
69 . 29 0 . 24 8  0 . 8 1 4  
7 0 . 5 3 0 . 25 3  0 . 8 0 6  
8 4 . 8 7  0 . 3 0 6  0 . 810  
8 6-. 8 7  0 . 310  0 . 81 6  
8 7 . 2 2 0 . 3 2 4  0 . 8 1 2  

1 0 3 . 4 9 0 . 3 8 2  0 . 8 0 8  
1 0 3 . 5 6 0 . 3 8 0  0 . 8 0 8  
1 2 2 . 5 2  0 . 4 5 6  0 . 7 8 8  
1 3 7 . 83 0 . 5 3 2  0 . 74 0  

AUXILI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Stirred equilibrium cell fitted 
with vapor and liquid sampling 
valves . Temperature measured with 
mercury in glass thermometer . 
Pressure measured wi th Bourdon gauge . 
Cell charged with components and 
contents equilibriated . Vapor and 
l iquid samples withdrawn through 
pressure lock systems . Analysed 
using gas chromatography . Details 
in source . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Phillips Petroleum Co . ,  sample 
purity 9 9 . 3  mole per cent ( 0 . 6  
mole per cent nitrogen , 0 . 1  mole 
per cent ethane ) • 

2 .  Phillips Petroleum Co . sample 
purity 9 9 . 9  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 3 : op/MPa = ± 0 . 0 2 :  
oxCH 4 

= ± 0 . 7 5% . 

REFERENCES : 



Al kanes: Pressure Greater Than 0.2 MPa 309 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Hethane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Chu , T . C . ; Chen , R . J . J . ; Chappelear , 
P . S . ; Kobayashi , R .  

2 .  Pentane ;  C s H 1 z i [ 1 09 - 6 6 - 0 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

2 7 3 . 1 6 

2 4 8 . 34 

METHOD /APPARATUS/PROCEDURE : 

P/11Pa 

1 .  3 8 0 3  
2 . 7 5 9 3  
4 . 1 3 6 9  
5 . 5 1 5 8  
6 . 8 9 4 8 
8 . 2 7 3 7  
9 . 6 5 2 7  

11 . 0 3 1 6  
1 2 . 4 1 0 6  
13 . 7 8 9 5  
1 4 . 4 8 
14 . 82 
1 5 . 1 0 
15 . 1 6 85 

0 . 6 9 0 9  
1 .  3 803  
2 . 7 5 9 3  
4 . 13 6 9  
5 . 5 1 5 8  
6 . 8 9 4 8  
8 . 2 7 3 7  
9 . 6 5 2 7  

1 1 .  0 3 1 6  
12 . 4 1 0 6  
12 . 7 6 

J .  Chem . Eng . ng .  Data . 1 9 7 6, 2 1 ,  
41-4 . 

P REPARED BY : 

C . L .  Young 

Hole fraction of methane 
in liquid in vapor 

xCH4 YcH4 

0 . 0 9 0 9 1  0 . 9 7 5 8  
0 . 16 5 3  0 . 9 8 3 9  
0 . 2 3 2 0  0 . 9 8 5 5  
0 . 2 9 2 0  0 . 9 8 5 6  
0 . 3 4 8 1  0 . 9 8 3 9  
0 . 4 0 0 5  0 . 9 8 1 8  
0 . 4 4 80 0 . 9 7 8 2  
0 . 4 9 80 0 . 9 7 2 2  
0 . 5 5 0 1  0 . 9 6 2 3  
o .  6117  0 . 9 4 5 0  
0 . 6 6 1  -

0 . 6 9 5  -
0 . 6 9 5  -
0 . 9 0 8 9  0 . 9 0 8 9  
0 . 04 9 4 3  0 . 9 8 7 6  
0 . 1119  0 . 9 9 2 8 1  
0 . 2 0 8 9  0 . 9 9 4 7 5  
0 . 2 9 5 8  0 . 9 9 4 7 8  
0 . 3 6 9 5  0 . 9 9 4 00 
0 . 4 3 0 9  0 . 9 9 2 2 3  
0 . 4 7 6 5  0 . 9 9 0 0  
0 . 57 0 8  0 . 9 8 4 5  
0 . 6 4 91 0 . 9 7 5 3  
o .  7 2 7 9  0 . 9 5 8 7  
0 . 7 59  -

AUXI LIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

Recirculating vapor flow apparatus . 1 .  Ultra high purity sample from 
Hatheson; purity 9 9 . 9 7 mole 
per cen t .  

Temperature measured with Platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Liquid 
added to windowed cell and air remov- 2 .  
ed.  Hethane added to cell and vapor 
recirculated until equilibrium 
established. ( average time - 4 hours) 
Samples analysed by gas chromatog-
raphy . 

Phillips Petroleum Co . sample 
purity 9 9 . 9 3  mole per cen t .  

ESTIMATE D  ERROR: oT/K = ± 0 . 0 2 ;  oP/1tPa = 
± o . o o7 ;  oxcH 4 � ± 2 % ; o ( l-ycH 4 l = ± 2% 

or 0 . 0 0 001 whichever i s  largest . 

REFERENCES : 

1 .  Chen , R . J . J . ;  Chappelear , P . S . ;  
Kobayashi , R . , 

J .  Chem.  Engng . Data , 1 9 7 4 .  1 9. 
5 8 .  



3 1 0  Alkanes: Pressure G reater Than 0.2 MPa 

COMPONENTS : ORIGINAL HEASUREHENTS : 

1 .  Ne thane ; CH4 ; [ 7 4-82-8 ]  Chu , T . C . ; Chen , R . J . J . ; 
Chappelear , P . S . ;  Kobayashi , R .  

2 .  Pentane ; C s H 1 2 ;  [ 1 09-66-0 ]  

EXPERIMENTAL VALUES : 

T/K 

24 8 . 34 

223 . 9 2 

1 9 9 . 8 6 

19 4 . 17 

192 . 6 2 

176 . 21 

P/MPa 

12 . 9 6 
13 . 0 3 

0 . 6909  
1 .  3 8 0 3  
2 . 75 93 
4 . 13 6 9  
5 . 5158  
6 . 8 9 4 8  
8 . 2737  
8 . 9 6 3  
9 . 17 0  
9 . 4 4 6  
9 . 653 
0 . 3461  
0 . 6909  
1 .  3803  
2 . 7593  
4 . 13 6 9  
4 . 826  
5 . 171  
5 . 37 8  
5 . 4 4 7  
0 . 6902  
1 .  3794  
2 . 7586  
4 . 13 6 9  
4 . 4 82 
4 . 619  
4 . 6 8 8  
0 . 6 9 0 9  
1 . 3 8 0 3  
2 . 7593  
4 . 1 3 6 9  
4 . 413 
4 . 4 8 8  
4 . 551 
0 . 1 3 8 6  
0 . 3 4 6 1  
0 . 6 9 09 
1 .  0356  
1 .  3 8 0 3  
1 .  7 2 4  
2 . 0 6 9 8  
2 . 41 5 
2 . 551  

J .  Ch em . Engng . Data . 1 9 7 6 ,  2 1 ,  
41-4 . 

Hole fraction of methane 
in liquid,  in vapor , 

xCH4 YcH4  

o .  8 11 
0 . 859 
0 . 08592  
0 . 1 6 6 7  
0 . 2 8 7 8  
0 . 3 8 8 8  
0 . 4 7 3 7  
0 . 5652  
0 . 6 8 5 0  
0 . 7 5 0  
0 . 7 8 5  
0 . 84 1  
0 . 9 4 3 7  
0 . 0 5 6 6  
0 . 11 6 6  
0 . 2 2 12 
0 . 3758  
0 . 5265  
0 . 6552  
0 . 7 333  
0 . 7 9 9  
0 . 8 6 3  
0 . 1251 
0 . 2 3 7 8  
0 . 4 0 4 1  
0 . 6 2 2 6  
0 . 7 3 8 6  
0 . 84 3 8  
0 . 9 0 4 3 1  
0 . 1297  
0 . 2320  
0 . 4 0 83 
0 . 6 6 6 7  
0 . 8 3 5  
0 . 9057  
0 . 9 5 3 8  
0 . 03195  
0 . 0 8 5 0 9  
0 . 1 6 81 
0 . 2504  
0 . 3316  
0 . 4 0 3  
0 . 4 819 
0 . 6 2 6 2  
0 . 7 5 9  

0 . 9 9 7 3 8  
0 . 9 9 8 4 2  
0 . 9 9 8 4 8  
0 . 9 9 8 15 
0 . 9 9 7 3 8  
0 . 99522 
0 .  99071 

0 . 9 9 9 3 3  
0 . 999576  
0 . 9 9 9 6 6 7  
0 . 999581  
0 . 999324  

0 . 999735  
0 . 9 9 9 7 8 1  
0 . 999732  
0 . 9 9 9 4 0 4  

0 . 999767  
0 . 9 9 9 811 
0 . 999775  
0 . 9 9 9 4 2 5  

0 . 9 9 9 8 4 4  
0 . 9 9 9 91 5  
0 . 999939  
0 . 9 9 9 9 4 6  
0 . 9 9 9 9 4 9  

0 . 999951  

T vapor phase composition quoted here and in 
original were interpolated from data given 
in reference 1 .  



Alkanes: Pressure Greater Than 0.2 M Pa 3 1 1  

COMPONENTS : 

1 .  Hethane; CH4 ; [ 7 4- 8 2 0 8 ]  

2 .  Pentane ; C 5 H 1 2 ;  [ 1 0 9 - 6 6 - 0 ]  

VARIABLES : 

Temperature ,  pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Kahre , L . C .  

J .  Chem . Engng . Data , 1 9 7 5, 20,  
2 0 ,  3 6 3-7 

PREPARED BY : 

C . L .  Young 

I1ole fraction of methane 
T/K P/atm P/llPa in liquid , in vapor 

XCH 4 YcH4 

177 . 6  3 . 4 0 0 . 34 5  0 . 07 85 a 0 . 9 9 9 9 3 7  
6 . 8 0  0 . 6 89 0 . 157 0 . 9 9 9 9 6 1  

13 . 6 1 1 .  3 7 9  0 . 3 2 1  0 . 9 9 9 9 7 0  
2 0 . 4 1  2 . 0 6 8  0 . 5 1 0  0 . 9 9 9 9 5 6  
23 . 81 2 . 4 1 3  0 . 6 2 3  0 . 9 9 9 9 4 9  
27 . 0 8 2 . 7 4 4  0 . 8 2 9  0 . 9 9 9 9 3 8  
27 . 9 0 2 . 8 2 7  0 . 8 9 7  0 . 9 9 9 9 3 5  
3 0 . 01 3 . 0 4 1  1 . 00 0  1 . 0 0 0 0  

1 8 6 . 0  3 . 4 0  0 . 34 5  0 . 0 6 4  a 0 . 9 9 9 8 3  
6 . 80 0 . 6 8 9  0 . 12 8  0 . 9 9 9 9 0 3  

13 . 6 1 1 .  3 7 9  0 . 2 6 0  0 .  9 9 9 9 2 1  
2 0 . 4 1 2 . 0 6 8  0 . 3 9 2  0 . 9 9 9 9 1 7  
2 7 . 22 2 . 7 5 8  0 . 54 0  0 . 9 9 9 8 8 5  
3 0 . 6 2 3 . 103  0 . 61 8  0 . 9 9 9 8 6  
3 4 . 0 2 3 . 4 4 7  0 . 7 4 0  0 . 9 9 9 7 9  
3 6 . 0 6 3 . 6 54  0 . 86 5  0 . 9 9 9 7 3  
37 . 01 3 . 7 5 0  0 . 9 5 4 5  0 . 9 9 9 7 1  
3 8 , 03 3 . 8 5 3  0 .  9715  0 . 9 9 9 7 8  
3 9 . 3 3 3 . 9 8 5  1 . 00 0  1 . 00 0  

1 91 . 0  3 . 4 0  0 . 3 4 5  0 . 0 5 8  a 0 . 9 9 9 7 6  
6 . 8 0 0 . 6 8 9  0 . 1 1 6  0 . 9 9 9 8 4  

13 . 61 1 .  3 7 9  0 . 2 2 8  0 . 9 9 9 8 8  
2 0 . 4 1  2 . 0 6 8  0 . 3 4 3  a 0 . 9 9 9 8 8  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus . 
Temperature measured with platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Liquid 
sample added to windowed equilibrium 
cel l ,  air removed . Hethane added to 
cell and recirculated for at least 
half an hour . Samples of both 
phases analysed by GC . 

M-K' 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips research grade , purity 
9 9 . 9 8 mole per cent . 

2 .  Phillips research grade , puri ty 
9 9 . 9 9 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 6 ;  oP/JI1Pa = ± 0 . 013 ; 
oxcH4 = ± 2 % ; o ( l-yca 4 > = ± 5% 

REFERENCES : 



31 2 Alkanes: Pressure Greater Than 0.2 MPa 

COHPONENTS : 

1 .  Methane; CH4 ; [ 7 4-82- 8 ]  

2 .  Pentane ; C s H 1 2 ; [ 1 0 9-6 6 - 0 ]  

EXPERIMENTAL VALUES :  

T/K 

191 . 0  

19 8 . 2  

22 7 . 6  

25 5 . 4  

2 83 . 2  

P/atm 

27 . 2 2 
34 . 0 2 
40 . 82 
42 . 4 6 
43 . 6 8 
4 4 . 2 9 
4 4 . 9 7 
4 5 . 8 6  

3 . 4 0  
6 . 80  

13 . 6 1 
2 0 . 4 1  
27 . 2 2 
3 4 . 0 2 
4 0 . 82  
4 7 . 6 3  
51 . 0 3 
5 2 . 39  
53 . 5 5 

3 . 4 0  
6 . 80 

27 . 2 2 
47 . 6 3 
6 8 . 0 4 
81 . 6 5 
9 5 . 2 6 

100 . 7 0 
10 2 . 6 0 

3 . 4 0 
6 . 80 

13 . 6 1 
27 . 22 
4 0 . 82 
5 4 . 4 3 
6 8 . 0 4 

102 . 0 6 
122 . 47 
136 . 0 8 
136 . 8 3 

6 . 8 0 
13 . 61 
20 . 4 1 
6 1 . 24  
8 8 . 4 5  

11 5 . 6 7 
13 6 . 0 8 
149 . 6 7 
156 . 4 9 

P/HPa 

2 . 7 5 8  
3 . 4 4 7  
4 . 136  
4 . 3 02 
4 . 4 2 6  
4 . 4 8 8  
4 . 557 
4 . 647  

0 . 3 4 5  
0 . 6 8 9  
1 .  3 7 9  
2 . 0 6 8  
2 . 7 5 8  
3 . 4 4 7  
4 . 13 6  
4 . 8 2 6  
5 . 171  
5 . 3 0 8  
5 . 4 2 6  

0 . 3 4 5  
0 . 6 8 9  
2 . 7 5 8  
4 . 8 26 
6 . 894  
8 . 2 7 3  
9 . 6 52 

10 . 203  
1 0 . 3 9 6  

0 . 3 4 5  
0 . 6 8 9  
1 .  3 7 9  
2 . 7 5 8  
4 . 1 36  
5 . 515 
6 . 8 9 4  

10 . 341  
12 . 4 0 9  
13 . 7 88  
13 . 8 6 4  

0 . 6 8 9  
1 . 3 79  
2 . 0 6 8  
6 . 2 05 
8 . 9 6 2  

11 . 7 20  
13 . 7 8 8  
15 . 165 
1 5 . 856  

ORIGINAL �EASUREHENTS : 

Kahre , L . C .  

J .  Chem . Engng . Data, 1975, 20,  
3 6 3-7 . 

Hole fraction of methane 
in li�uid in vapor 

xCH4 YcH4 

0 . 4 6 5  
0 . 6 0 9  a 
0 . 817  
0 .  9311 
0 . 9 7 3 2  

Critical 

0 . 051 a 
0 . 1015 
0 . 205 
0 . 29 8  a 
0 . 3 91 
0 . 4 8 5 a 
0 . 59 5  
0 . 737 
0 . 866  
0 . 9 5 6  
Critical 

0 . 031  a 
0 . 06 2  a 
0 . 24 8  
o .  4 11 
0 . 564  
0 . 657 
o.  770 
0 . 831 
Critical 

0 . 023 a 
0 . 04 6  a 
0 . 0 9 5  
0 . 1 83  
0 . 267 
0 . 3 4 8  
0 . 42 4  
0 . 59 7  
o .  712 
0 . 811 
Critical 

0 . 036  a 
0 . 07 5  a 
0 . 113 
0 . 3 2 0  
0 . 4 3 8  
0 . 55 8  
0 . 64 9  
0 . 7 25 
Critical 

0 . 9 9 9 84 
0 . 9 9 9 7 6  
0 . 9 9 9 4 6  
0 . 9 9 9 2 8  
0 . 9 9 9 2 2  
0 .  9 9 9 2 3  
0 . 9 9 9 3 1  

opa lescence observed. 

0 . 9 9 9 5 0  
0 . 9 9 9 7 1  
0 . 9 9 9 7 8  
0 . 9 9 9 7 8  
0 . 9 9 9 7 6  
0 . 9 9 9 6 7  
0 . 9 9 9 4 7  
0 . 9 9 8 9 0  
0 . 9 9 8 0  
0 . 9 9 7 0  

opalescence observed . 

0 . 9 9 3 8  
0 . 9 9 6 6  
0 . 9 9 83 
0 . 9976  
0 . 9 9 51 
0 . 9906  
0 . 9 83 3  
0 . 9702  

opalescence observed. 

0 . 9 6 8 6  
0 . 9 8 3 2  
0 . 9902  
0 . 9 9 3 2  
0 . 9 9 3 5  
o . q 9 2 4  
0 . 9909  
0 . 9 8 0 7  
0 . 9 6 9 0  
0 . 9 4 4 9  

opalescence observed . 

0 . 9 3 7 6  
0 . 9 6 5 0  
0 . 9735  
0 . 9 8 10 
0 . 9751  
0 . 9 6 3 7  
0 . 9 4 3 6  
0 . 9306  

opalescence observed . 

a = Values estimated in original paper . 



Alkanes:  Pressure Greater Than 0.2 MPa 3 1 3  

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Boomer , E .  H. ; Johnson , c . A . ; 

2 .  Nitrogen ; N2 ; [ 7 72 7-37-9 ] Piercey, A .  G . · A .  

3 .  Pentane ; C s H 1 2 1 [ 10 9 - 6 6 - 0 ]  Can . J .  Res . B 

1 9 3 8 , 1 6 , 319-32 7 . 

VARIABLES : P REPARED BY : 

Temperature , pressure c . L .  Young 

EXPERIMENTAL VALUES : Mole fractions 
in liquid in vapor 

T/K P/atm P/MPa XCH 4 XN2 xC s H 1 2  YcH4  YN 2 Yc sH 1 2  

2 9 8 . 15 35 . 5  3 . 6 0 0 . 156  0 . 00 5  0 . 8 3 9  0 . 84 8  0 . 0 6 9  0 . 08 3  
0 . 16 1  0 . 0 0 3  0 . 8 3 6  0 . 8 8 4  0 . 0 3 3  0 . 08 3  

6 8 . 1  6 . 9 0 0 . 2 9 8  0 . 00 4  0 . 6 9 8  0 . 8 8 0  0 . 0 6 9  0 . 05 1  
1 01 . 4  1 0 . 2 7  0 . 42 1  0 . 012  0 . 5 6 7  0 . 8 8 9  0 . 06 4  0 . 04 7  

0 . 4 2 6  0 . 00 7  0 . 5 6 7  0 . 8 9 2  0 . 05 6  0 . 0 5 2  
1 3 4  13 . 6  0 . 5 3 6  0 . 0 1 4  0 . 4 5 0  0 . 8 7 4  0 . 0 6 8  0 . 05 8  
1 6 7 . 6  1 6 . 9 8 0 . 6 8 3  0 . 03 6  0 . 2 8 1  0 . 8 3 1  0 . 0 4 7  0 . 12 2  

o .  6 7 7  0 . 04 1  0 . 2 8 2  0 . 8 2 0  0 . 0 5 8  0 . 12 2  
1 8 8  1 9 . 0  o .  7 2 9  0 . 04 6  0 . 22 5  0 . 7 3 4  0 . 04 1  0 . 22 5  

3 2 8 . 15 35 . 5  3 . 6 0 0 . 13 9  0 . 00 3  0 . 8 5 8  0 . 815  0 . 04 7  0 . 13 8  
1 01 . 4  10 . 2 7 0 . 3 8 6  0 . 0 11  0 . 6 0 3  0 . 8 6 2  0 . 05 7  0 . 08 1  

0 . 3 8 0  0 . 0 1 4  0 . 6 0 6  0 . 8 51 0 . 0 6 5  0 . 0 8 4  
1 3 4  1 3 . 6  0 . 4 9 5  0 . 02 3  0 . 4 8 2  0 . 8 4 1  0 . 0 5 6  0 . 103  
1 6 7 . 6  16 . 9 8 0 . 6 6 7  0 . 0 33  0 . 3 0 0  o .  7 7 2  0 . 04 3  0 . 18 5  

0 . 6 6 1  0 . 0 3 9  0 . 3 0 0  0 . 7 6 2  0 . 04 7  0 . 19 1  
1 74 . 4  17 . 6 7 0 . 7 3 4  0 . 0 4 1  0 . 22 5  0 . 7 3 8  0 . 03 9  0 . 2 2 3  

3 5 8 . 15 35 . 2  3 . 57 0 . 12 1  0 . 0 0 3  0 . 8 7 6  0 .  7 7 0  0 . 0 4 0  0 . 19 0  
1 0 0 . 7  10 . 2 0 0 . 3 5 3  0 . 0 1 4  0 . 6 3 3  0 . 7 9 1  0 . 0 6 4  0 . 14 5  
1 3 3 . 7  13 . 5 5 0 . 4 7 8  0 . 02 5  0 . 4 9 7  o .  7 7 3  0 . 05 0  0 . 17 7  

0 . 4 8 5  0 . 02 0  0 . 4 9 4  0 . 76 6  0 . 05 7  0 . 17 7  
1 4 7 . 2  1 4 . 92 0 . 5 4 3  0 . 02 9  0 . 4 2 8  - - -

0 . 5 3 8  0 . 0 31  0 . 4 3 1  0 . 7 4 5  0 . 0 4 7  0 . 20 8  
0 . 5 4 2  0 . 02 8  0 . 4 3 0  0 . 7 4 8  0 . 04 0  0 . 2 12 

1 6 0 . 1  1 6 . 22 0 . 7 5 0  0 . 04 2  0 . 2 0 8  0 . 75 0  0 . 04 4  0 . 2 0 6  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Rocking autoclave stirred by steel 

piston falling under gravity . 

Samples of vapor and liquid trapped 

in two auxiliary high pressure cells . 

Equilibrium samples analysed in 

complicated volumetric and combustion 

apparatus . Details in ref . ( 1 ) . 

SOURCE AND PURI TY OF MATE RIALS : 

1 .  and 2 .  Natural gas sample con
taining 9 4 . 4  mole per cent 
of methane and 5 . 6  mole 
�er cent of nitrogen . 
Impurities may have been 
present amounting to 0 . 1  
mole per cent . 

3 .  Commercial product , 
chemically purified , dried 
and fractionated . 

�: The source reference also ESTIMATED ERROR: 
� T/K - + 0  1 ·  �P/MPa = +_ 0 . 02 ·, contains data on a mixture of pentaneE u - - • ' u 

+ methane + nitrogen . Since the ox ,  oy = ± 1% ( e stimated by 

isomeric composition of the pentane 

mixture is  not known , the data have 

not been included here . 

compiler) .  
REFERENCES : 

1 .  Boomer , E .  H . ; Johnson , c . A . ; 

Argue , G .  H .  
Can .  J .  Re s .  B 

1 9 3 7 , 1 5 ,  3 6 7 . 



3 1 4  Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74 - 8 2 - 8 ] 

2 .  2 , 2-Dimethylpropane ( neopentane ) ;  
C sH 1 2 ; [ 4 6 3- 8 2 - 1 ]  

EVALUATION : 

EVALUATOR: 

Colin L .  Young , 
School of Chemistry , 
University of Helbourne , 
Parkville , Victoria 3052 , 
Australia . 

Harch 1 9 8 2  

This system has been investigated by Prodany and Hilliams ( 1 )  over 

the temperature range 3 4 4  K to 4 1 1  K and by Rogers and Prausnitz ( 2 )  at 

2 9 8  K. Because of the different temperatures studied a detailed com-

parison between the data is impossible . 

as tentative . 

References 

Both sets of data are classified 

1 .  Prodany , N .  W . ; Williams , B .  J .  Chern.  Engng . Data , 1 9 7 1 ,  1 6 ,  l .  

2 .  Rogers , B .  L . ; Prausnitz , J .  M .  J .  Chern . Therrnody n . , 1 9 71 , 3 ,  2 1 1 .  



Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH, ; [ 7 4-82- 8 ]  Rogers , B . L . ;  Prausnitz , J .H .  
2 .  2 , 2-Dimethylpropane , (Neopentane) 

C s H 1 2 ; [ 4 6 3- 8 2-1]  J .  Chern.  Therrnodynarnias,  1 9 7 1, 3,  
2 11-6 . 

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 

P/MPa 

1 .  213  
2 . 3 54 
3 . 4 5 0  
4 .  3 7 1  
5 . 44 6  
6 . 7 7 8  
7 . 83 2  
8 . 9 9 8  
9 . 4 8 7  

1 0 . 417  
10 . 9 1 5  
1 1 . 9 9 0  
13 . 0 3 9  
13 . 9 1 3  
1 4 . 5 0 0  
15 . 1 0 0  

METHOD /APPARATUS /PROCEDURE : 

P REPARED BY : 
C . L .  Young 

10 2 Mole fraction of methane 
in liquid , in gas 
1 0 2 

xCH, 1 0 2 
YcH4 

6 . 9 6 
13 . 8 8 
2 0 . 55 
24 . 2 2 
3 0 . 97 
3 7 . 31 
. a .  7 4  
4 6 . 87 
4 9 . 7 8  
5 2 . 7 6 
5 5 . 4 2  
6 1 . 2 8 
65 . 3 6 
6 9 . 5 0 
7 5 . 4 5 
8 2 . 87 

AUXI LIARY INFORMATION 

8 9 . 23 
9 2 . 54 
9 4 . 07 
9 5 . 19 
9 5 . 54 
9 5 . 22 
9 5 . 3 2  
9 4 . 81 
94 . 5 4 
94 . 51 
94 . 55 
9 3 . 54 
9 1 . 1 5  
8 9 . 9 3 
8 8 . 7 1  
8 6 . 3 2 

SOURCE AND PURITY OF MATERIALS : 

3 1 5  

Stainless steel equilibrium cell 
fitted with pistons which enabled 
sample of gas and liquid to be 
taken without a change in pressure . 
Pressure measured with floating 
piston gauge and temperature with 
four thermocouples . Cell charged 
with components and magnetically 
stirred. Samples removed and 
analysed using gas chromatography . 
Details in ref . ( 1 ) . 

1 .  Matheson , ultra high purity grade 
purity 9 9 . 97 mole per cent . 

2 .  Phillips Petroleum C o .  research 
grade sample , purity 9 9 . 97 mole 
per cent . 

ESTIMATED ERROR: 
o T/K = ± 0 . 5 ;  oP/HPa = ± 0 . 007 ; 
oxCH, ' o yCH, = ± 1% 

REFERENCES : 

1 .  Rogers , B . L . ; Prausnitz , J . M .  
Ind . Eng . Chern . Fundarn . 1 9 7 0, 9 ,  
1 9 7 4 . 



3 1 6  Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4-82-8 ] Prodany , N . W . ; Will iams , B .  

2 .  2 , 2-Dimethylpropane ; 
(neopentane ) C s H 1 2 ; [ 4 6 3-82-1]  

J .  Chem.  Engng . Data . 1971 , 1 6 , 1-6 . 

VARIABLES : P REPARED BY : 
Temperature , pressure C . L .  Young 

EXPERIMENTAL VALUES : 
Mole fraction of methane 

T/K p/10 5 Pa in liquid,  in vapor , 
xCH � YcH � 

344 . 26 21 . 3 7 0 . 085  0 . 6 6 7  
35 . 2 3 0 . 153 0 . 76 1  
52 . 6 1 0 . 232 0 . 7 9 7  
6 9 . 2 9 0 . 312 0 . 81 9  
87 . 7 7 0 . 391 0 . 813  
8 8 . 3 2 0 . 39 8  0 . 813  

104 . 8 7 0 . 4 8 2  0 . 7 8 4  
11 7 .  83  0 . 5 60  o .  727  
120 . 5 2 0 . 6 0 3  0 . 6 8 5  

3 7 7 . 59 2 1 . 23 0 . 051 0 . 39 5  
34 . 6 8 0 . 117 0 . 5 63  
51 . 5 7 0 . 19 7  0 . 6 3 9  
6 9 . 5 0 0 . 2 82 0 . 6 7 0  
8 6 . 2 5 o .  377 0 . 654  
9 8 . 8 7 0 .  471 0 . 58 5  

4 10 . 93 34 . 8 9 0 . 06 8  0 . 2 80  
52 . 0 6 0 . 16 3  0 . 4 0 7  
6 9 . 2 2 0 . 281  0 . 4 16 

AUXI LIARY INFORMATION 

METHOD /AP PARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Stirred equilibrium cell fitted with 1 .  
vapor and liquid sampling valves . 
Temperature measured with mercury in 
glass thermometer . Pressure measured 
with Bourdon gauge . Cell charged 
with components and contents equil- 2 .  
ibriated . Vapor and liquid samples 
withdrawn through pressure lock 
systems . Analysed using gas 
chromatography . Details in source . 

Phillips Petroleum Co . sample 
9 9 . 3  mole per cent ( 0 . 6  mole per 
cent nitrogen , 0 . 1  mole per cent 
ethane ) • 

Phil lips Petroleum Co . sample 
purity 9 9 . 8  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 3 ;  op/MPa = ±0 . 02 ;  
oxCH � = ±0 . 7 5% . 

REFERENCES : 

I 



Alkanes: Pressure Greater Than 0.2 M Pa 317  

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

2 .  2-Methylbutane ( i s opentane ) ;  
C s H 1 2 1 [ 7 8 -7 8-4 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

3 4 4 . 26 
( 1 6 0 )  

3 7 7 . 5 9 
( 2 2 0 )  

4 10 . 9 3 
( 2 8 0 )  

P/MPa 

3 . 4 6  
5 . 2 1 
6 . 9 0 
8 . 6 4 

1 0 . 3 8  
12 . 13 
13 . 7 3 
1 5 . 11 

3 . 4 4 
5 . 2 3 
6 . 9 0 
8 . 6 6 

10 . 37  
11 . 8 7 
13 . 0 9 

3 . 52 
5 . 2 3 
6 . 9 0 
8 . 7 4 
8 . 8 0 

10 . 4 6 

p/psi 

5 0 2  
7 5 5  

1 0 0 1  
1 2 5 3  
1 5 05 
1 7 5 9  
1 9 9 2  
2 1 9 1  

4 9 9  
7 5 9  

1 0 0 1  
1 2 5 6  
1 5 0 3  
1 7 2 1  
1 8 9 9  

5 1 1  
7 5 9  

1 0 0 1  
1 2 6 7  
1 2 7 7  
1517 

ORIGINAL MEASUREMENTS : 

Prodany , N .  W . ; Williams , B .  

J .  Chern.  Engng . Data 

1 97 1 ,  1 6 ,  1-6 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH4 YcH4  

0 . 14 2  0 . 8 4 1  
0 . 21 8  0 . 8 7 2  
0 . 2 8 3  0 . 8 8 5  
0 . 3 51 0 . 8 7 9  
0 . 4 1 8  0 . 8 6 9  
0 . 4 8 9  0 . 8 5 3  
0 . 54 5  0 . 8 2 1  
0 . 6 33  0 . 7 4 1  
0 . 11 8  o .  7 1 0  
0 . 1 9 2  0 . 7 6 5  
0 . 26 2  0 . 7 4 1  
0 . 3 3 1  0 . 7 8 8  
0 . 3 9 6  o .  7 7 4  
0 . 4 54  0 . 7 4 6  
0 . 5 6 6  0 . 6 8 6  
0 . 0 9 2  0 . 5 2 0  
0 . 1 6 1  0 . 6 0 3  
0 . 2 3 1  0 . 63 6  
0 . 3 1 5  0 . 6 5 1  
0 . 3 3 0  0 . 6 4 3  
0 . 4 8 8  0 . 58 1  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Stirred equilibrium cell fitted 

with vapor and liquid sampling 

valves . Temperature measured with 

mercury in glass thermometer . 

Pressure measured with Bourdon 

gauge . Cell charged with com-

ponents and contents equilibrated . 

Vapor and liquid samples withdrawn 

through pressure lock systems . 

Analysed using gas chromatography . 

Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 
9 9 . 3  mole per cent ( 0 . 6  mole 
per cent nitrogen , 0 . 1  mole per 
cent ethane ) .  

2 .  Phillips Petroleum Co . sample , 
purity 9 9 . 9  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 3 ;  oP/MPa = ± 0 . 02 ;  

OXCH4 = ± 0 . 7 5 % . 

REFERENCES : 



3 1 8  Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 : [ 7 4 -8 2 -8 ]  

( 2 )  2-methylbutane or isopentane ; 
C5Hl 2 1 [ 7 8 - 7 8 - 4 ]  

VARIABLES :  
T/K = 

p 1/MPa = 
3 0 3 . 1 5 
0 . 2 9 3  - 1 . 3 2 7  
( 2 . 8 9  - 13 . 1 0 atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Pomeroy , R .  D . ; Lacey , w .  N . ; 
Scudder , N .  F . ; Stapp , F .  P .  

Ind . Eng . Chem , 1 93 3 ,  2 5 ,  1 0 1 4 - 1 01 9 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Pressure Methane Solvent Solubility 

t/° C  T/K P/atm p1 /MPa Dissolved 1 • 2 Volume Gas in Sat . Solu . 2 
V /cm3 Increase C /cm3 cm- 3 

t:; V/cm3 s 
--

3 0  3 0 3 . 1 5 2 . 8 9  0 . 29 3  6 5 . 6  0 . 17 2  2 . 4 6  
6 . 2 9 0 . 6 37  14 2 . 8  0 . 3 9 2  5 . 3 0 
8 . 62 0 . 8 7 3  1 9 5 . 6  0 . 531  7 . 23 

1 0 . 0 6 1 . 01 9  2 2 8 . 0  0 . 614  8 . 4 0 
13 . 10 1 . 3 1 8  524 . 0  --- 1 0 . 9 5 

1 I sopentane volume 2 6 . 53 cm3 except the last value for which the volume 
is 4 7 . 8 7 cm3 • 

2 Gas volumes at 3 0 3 . 15 K ( 3 0 ° C )  and 1 0 1 . 3 2 5  kPa ( 1  atm) . 

The diffusion coefficient of methane in 2-methylbutane was measured to be 
1 0 5 D/cm2 s-1 = 1 4 . 0 0 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
Measurements were carried out in a 
brass absorption cell designed for 
diffusion measurements . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Gas obtained from a 

natural gas sample which was 
treated with activated charcoal 
at pressures up to 7 0  atm . The 
gas contained up to 2 per cent 
ethane and a small amount of 
nitrogen . 

( 2 )  2-methylbutane . Obtained by 
repeated fractionation o f  
casinghead gasoline . B . p .  
( 7 6 0  mmHg) , t/ ° C  = 2 7 . 3  - 2 8 . 2 .  

ESTIMATED ERROR : 

o T/K = ± 0 . 05 
o Cs/Cs = ± 0 .  0 5  ( compiler )  



Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Hethane ; CH4 ; [ 7 4 - 8 2- 8 ) 

2 .  2-Methylbutane ; C5Hl 2 ; 

[ 7 8-78- 4 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 
T/ °F 

1 6 0  
1 9 0  
220  
2 5 0  
2 8 0  
3 1 0  
3 4 0  
1 6 0  
1 9 0  
2 2 0  
2 5 0  
2 8 0  
3 1 0  
3 4 0  
3 5 0  
1 6 0  
1 9 0  
2 2 0  
2 5 0  
2 8 0  
3 1 0  
3 4 0  
3 5 0  
1 6 0  
1 9 0  
220  
2 5 0  
2 8 0  

. 11 n 

T/K 

3 4 4  
3 6 1  
3 7 8  
3 9 4  
4 0 5  
4 2 8  
4 4 4  
3 4 4  
3 6 1  
3 7 8  
3 9 4  
4 0 5  
4 2 8  
4 4 4  
4 5 0  
3 4 4  
3 6 1  
3 7 8  
3 9 4  
4 0 5  
4 2 8  
4 4 4  
4 5 0  
3 4 4  
3 6 1  
3 7 8  
3 9 4  
4 0 5  
4 ? R  

P/Mpa 
( P/psi ) 

2 . 7 6 
( 4 00 ) 

3 . 4 5  
( 5 00 ) 

4 . 1 4  
( 6 00 ) 

6 . 89 
( 1 0 0 0 ) 

AUXI LIARY 

METHOD /APPARATUS /PROCEDURE : 

Bubbl e-point dew-point 
apparatus . Sample confined over 
mercury , pressure measured with 
dead-weight piston gauge and 
temperature measured with 
mercury-in-glass thermometer . 

ORIGINAL MEASUREMENTS : 

Amick , E .  H . ; Johnson , W. B . ; 
Dodge , B .  F .  
Ch e m .  E n g .  P r o g r .  S y m p . S e r . , 

1 9 5 2 ,  4 8 ,  6 5 - 7 1 . 

PREPARED BY : 

c .  L .  Young 

Mol e  fraction 
in l iquid 

0 . 0 8 9  
0 .  0 7 2  
0 . 0 57  
0 . 04 3  
0 . 0 3 0  
0 . 0 1 7  
0 . 0 0 4  
0 . 1 4 1  
0 . 1 1 5  
0 . 0 9 3  
0 . 0 72  
0 . 0 5 4  
0 . 0 3 7  
0 . 02 1  
0 . 0 1 5  
0 . 2 1 0  
0 . 1 8 0  
0 . 1 5 5  
0 . 1 3 4  
0 . 1 1 7  
0 . 1 0 2  
0 . 08 8  
0 . 08 4  
0 . 3 0 0  
0 . 2 9 6  
0 . 2 9 2  
0 . 2 8 8  
0 . 28 5  
0 . 2 8 2  

INFORMATION 

of methane 
in vapor 

0 . 8 1 1  
0 . 7 2 6  
0 . 6 1 8  
0 . 4 9 4  
0 . 3 5 4  
0 . 0 1 7  
0 . 0 3 4  
0 . 8 3 2  
0 . 76 6  
0 . 6 7 7  
0 . 5 6 3  
0 . 4 4 0  
0 . 2 9 6  
0 . 1 30 
0 . 0 8 3  
0 . 8 4 2  
0 . 7 9 2  
0 . 7 1 8  
0 . 6 2 2  
0 . 5 07  
0 . 3 7 2  
0 . 2 22  
0 . 1 6 0  
0 . 8 70  
0 . 8 3 0  
0 . 770  
0 . 6 8 0  
0 . 5 70  
0 . 4 1 5  

SOURCE AND PURITY OF MATERIALS ; 

1 .  Sample subjected to fractional 
disti l l ation . 

2 .  Phi l l ips Petrol eum sample , 
stated purity 9 9 . 5  mol e  per cent 
dried and disti l l ed . 

ESTIMATED ERROR: 

REFERENCES ; 

3 1 9  



320 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : EVALUATOR : 

1 .  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

2 .  Hexane ; C 6 H t 4 7  [ 11 0 - 5 4 - 3 ]  

EVALUATION : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3 05 2 , 
Australia .  

March 1 9 8 2  

The most extensive study of this system has been undertaken by Lin 
et a Z .  { 1 ) . Their data cover the temperature range 1 8 2 . 5  K to 2 7 3 . 2  K 
and are classified as recommended . 

The data of Frolich e t  a Z .  { 2 )  at 2 9 8 . 2  K are rej ected on the grounds 
that the data were presented in graphical form and have been superseded by 
more recent data . Gunn e t  a Z .  { 3 )  studied the vapor composition in this 
system but used literature values for the coexisting liquid phase composi
tions . Chen et a Z .  { 4 )  also studied the dew point loci for the methane + 
hexane system at temperatures between 1 8 2 . 5  K and 2 7 3 . 2  K .  The data in 
refs . { 3 )  and { 4 )  are not considered further . 

The data of Boomer and Johnson { 5 )  are classified as tentative . The 
methane in their work contained a significant proportion of nitrogen . 
Sage , Webster and Lacey { 6 )  reported the solubility of methane in hexane 
at three temperatures ,  37 . 7 8 °C { 1 0 0  ° F ) , 7 1 . 11 °C { 1 6 0  ° F )  and 1 0 4 . 4  °C  
{220  ° F ) , but only three compositions were studied . These data are 

c lassified as tentative but limited in scope . 

The remaining three studies of Poston and McKetta { 7 ) , Shim and Kohn 
{ 8 )  and Schoch e t  a Z .  { 9 )  are all classified as tentative . There is  
reasonable agreement between the three sets of data . The data of Shim 
and Kohn { 8 )  deviates slightly from the data of Lin e t  a Z .  { 1 )  in the 
temperature range where the two sets of data overlap , the deviations 
being greatest at the lowest temperature . The data of Lin et a Z .  { 1 )  
are superior i n  this region . 

References 

1 .  Lin , Y .  N . ; Chen , R .  J .  J . ; Chappelear , P .  S . ;  Kobayashi , R .  
J .  Chern.  Eng . Data , 1 9 7 7 ,  22 ,  4 0 2 . 

2 .  Frolich , P .  K . ; Tauch , E .  J . ;  Hogan , J .  J . ;  Peer , A .  A .  
Ind. Eng . Chern . , 1 9 3 1 ,  2 3 , 5 4 8 . 

3 .  Gunn , R .  D . ; McKetta , J .  J . ; Ata , N .  
Am . Ina t .  Chern.  Engnra . J . , 1 9 7 4 , 2 0 ,  3 4 7 .  

4 .  Chen , R .  J .  J . ; Chappelear , P .  S . ;  Kobayashi , R .  
J .  Chern.  Eng . Data , 1 9 7 6 , 2 1 , 2 1 3 . 

5 .  Boomer , E .  H . ; Johnson , c .  A .  
Can .  J .  Re a . , 1 9 3 8 , 1 6B ,  3 2 8 . 

6 .  Sage , B .  H . ; Webster , D .  C . ;  Lacey , W .  N .  
Ind . Eng . Chern . ,  1 9 3 6 , 28 , 10 4 5 .  

7 .  Poston , R .  S . ; McKetta , J .  J .  
J.  Chern.  Eng . Data , 1 9 6 6 ,  1 1 ,  3 6 2 . 

8 .  Shim, J . ; Kohn , J .  P .  
J .  Chern . Eng . Data , 1 9 7 2 , 7 ,  3 .  

9 .  Schoch , E .  P . ; Hoffmann , A .  E . ; Mayfield , F .  D .  
Ind . Eng . Chern . , 1 9 4 1 ,  3 3 ,  6 8 8 . 



Alkanes: Pressure Greater Than 0.2 MPa 321 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 -8 2 - 8 ) 

2 .  Hexane ; C 6 H 1 4 ; [ 11 0 - 5 4 - 3 )  

VARIABLES : 

EXPERIMENTAL VALUES : 

3 10 . 9  
( 1 0 0 )  

3 4 4 . 3  
( 1 6 0 )  

3 77 . 6  
( 2 2 0 )  

p/psi 

655  
1 6 2 3  
2 4 12 

7 3 9  
1 7 7 5  
2 5 2 8  

7 9 5  
1855  
2508  

P/MPa
t 

4 . 52 
11 . 19 
16 . 6 3 

5 . 10 
12 . 2 4  
1 7 . 4 3  

5 . 4 8 
12 . 7 9 
17 . 2 9 

t 
calculated by compiler . 

ORIGINAL MEASUREMENTS : 

Sage , B .  H . ; Webster , D .  C . ; 
Lacey , w .  N .  

Ind . Eng . Chern . 

1 9 3 6 , 28 , 1 0 4 5 - 10 4 7 . 

P REPARED BY : 

Mass fraction 
of methane 

0 . 0 4 2 4  
0 . 1 2 3 3  
0 . 1 9 2 0  

0 . 0 4 2 4  
0 . 12 3 3  
0 . 1 9 2 0  

0 . 0 4 2 4  
0 . 1 2 3 3  
0 . 1 9 2 0  

C .  L .  Young 

Mole fraction
t 

of methane , 
.xCH 4 

0 . 1 9 2 0  
0 . 4 3 0 1  
0 . 5 6 0 5  

0 . 1 9 2 0  
0 . 4 3 0 1  
0 . 5 6 0 5  

0 . 1 9 2 0  
0 . 4 3 0 1  
0 . 5 6 0 5  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 

known composition . Pressure 

measured with pressure balance . 

Bubble point determined from the 

discontinuity in the pressure , 

volume isotherm . Details of 

apparatus in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Prepared from natural gas , 
treated for removal of higher 
alkanes , carbon dioxide and water 
vapor . Final purity 9 9 . 9  mole 
per cent . 

2 .  Eastman Kodak Co . sample , used 
without further purification . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 02 ;  

= ± 0 . 0 0 2  (estimated by 
compiler ) . 

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w .  N .  

Ind . Eng . Chern.  

1 9 3 4 1 2 6 1  1 0 3  o 



322 Alka nes: Pressure G reater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane; CH , ; [ 7 4-82-8 ]  

2 .  Hexane ; Cs H l , ; [ 110-5 4- 3 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES :  

T/K 

311 . 0 8  

3 4 4 . 2 6 

3 7 7 . 5 9 

42 . 7  
52 . 2  
75 . 01 
9 4 . 7 3 

117 . 7  
139 . 7  
156 . 7  
17 5 . 8  
18 9 . 2  
194 . 8  
1 9 8 . 0  

40 . 6  
5 9 . 1  
8 3 . 0 8 

1 0 4 . 3  
129 . 2  
150 . 7  
16 7 . 3  
1 84 . 2  
195 . 5  
19 7 . 7  
200 . 9  

4 6 . 4  
8 2 . 3 9 

ORIGINAL MEASUREMENTS : 

Schoch , E . P . ; Hoffmann , A . E . ; 
Mayfield , F . D .  

In d. Eng. Chem.  194 1 ,  33, 6 8 8-691 . 

P REPARED BY : 

C . L .  Young 

Mole fraction of methane 
in liquid , xCH , 

0 . 1829  
0 . 2205 
0 . 3030  
0 . 3 7 4 3  
0 . 4517  
0 . 5218  
0 . 5758  
0 .  6411  
0 . 6 9 9 7  
0 . 7401  
0 . 8822  

0 . 15 6 8  
0 . 2 203  
0 . 3037  
0 .  3719  
0 . 4 4 9 1  
0 . 5167 
0.  5716  
0 . 6373  
0 . 6 9 8 7  
0 . 7351 
0 . 7653  

0 . 1 6 4 6  
0 . 2875  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
Rocking equilibrium cell fitted with 
stirring paddles . Temperature 
measured with Beckmann thermometer 
calibrated against standard Pt 
resis tance thermometer . Pressure 
measured with Bourdon gauge . 
Samples inj ected into cell using 
mercury displacement . Equilibrium 
pressure measured . Bubble point 
determined from change in slope of 
pressure volume isotherms . Details 
in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
1 .  Crude sample treated for 

removal of oxygen , carbon 
dioxide water vapor and 
liquids condensible at 200K.  
Distilled . 

2 .  Eastman Kodak Co . sample . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 3 ;  op/1 0 5Pa = ± 0 . 1 ;  
oxCH, + ± 0 ,  0 0 1 .  

(estimated by compiler) 

REFERENCES : 
1 .  Schoch , E . P . , Hoffmann , A . E .  

Kasperik , A . S . ;  Lightfoot , J . H .  
Mayfield, F . D .  
In d. Eng. Chem . 1 9 4 0 , 32 ,  7 8 8 .  



Alkanes: Pressure Greater Than 0.2 M Pa 323 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 74 - 8 2 -8 ]  

2 .  Hexane ; C 6 H 1 4 ;  [ 110-54- 3 ]  

EXPERIMENTAL VALUES :  

T/K 

3 7 7 . 5 9 1 06 . 9  
1 31 . 0  
1 51 . 8  
1 7 2 . 2  
1 8 4 . 9  
1 8 9 . 8  

ORIGINAL MEASUREMENTS : 

S choch , E :P . ; Hoffmann , A . E . ; 
Mayfield, F . D .  

Ind .  Eng . Chern . 1 9 4 1 , 3 3 ,  6 8 8 - 6 9 1 .  

Mole fraction of methane 
in l iquid , .:r:CH4 

0 . 3 6 6 2  
0 . 4 4 0 7  
0 . 5 1 8 0  
0 . 5 9 6 4  
0 . 6 8 0 5  
0 . 7 5 4 9  



324 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane; CH� ; [ 7 4-82- 8 ]  Shim , J . ;  Kahn , J . P .  

2 .  Hexane ; C 6 H 1 � ;  [110-54- 3 ]  J .  Chem . Engng . Data, 19 62,  7 , 3-8 

VARIABLES : PREPARED BY : 

Temperature ,  pressure C . L .  Young 

EXPERIMENTAL VALUES : 

Hole fraction of methane 
T/K P/MPa in liquid, in gas , 

XCH� YcH� 

1 8 3 . 15 0 . 51 0 . 0920  -
1 . 01 0 . 1820  -
1 .  52 0 . 2740  -
2 . 03 0 . 3 6 6 8  -
2 . 53 0 . 4 5 5 0  -
3 . 04 0 . 5675  -
3 . 55 o .  7120  -
3 . 634 1 .  0000 -

19 8 . 15 0 . 51 0 . 0630  -
1 .  01 0 . 1240  -
1 .  52 0 . 1844  -
2 . 0 3 0 . 2 4 0 5  -
2 . 53 0 . 2930  -
3 . 04 0 . 3 4 8 0  -
3 . 5 5 0 . 3 9 7 0  -
4 . 0 5 0 . 4 4 5 5  -
4 . 56 0 . 4 9 53 -
5 . 07 0 . 5610  -
5 . 5 7 0 . 6225  -
6 . 0 8 0 . 6 8 7 0  -

223 . 15 1 .  01 0 . 0 8 8 0  -
2 . 0 3 0 . 17 0 5  -
3 . 04 0 . 2 4 7 3  -

AUXI L IARY INFORNAT ION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PUR I TY OF MATERIALS : 

Borosilicate glass cell . 1 .  Phil lips Petroleum Co.  
Temperature measured with Platinum 
resistance thermometer . Pressure 
measured on Bourdon gauge . Details 
in ref . ( 1 )  and source ref . Samples 
of methane added to hexane , 
equilibrated. Liquid phase composit-

sample , pure grade purified 
by passing through silica gell 
and activated charcoal . Final 
purity better than 9 9 . 5  mole 
per cent . 

ion estimated from known overall 2 .  Phillips Petroleum Co . sample 
purity 99 mole per cent . composition and volume of both 

phase s .  

ESTIMATED ERROR: 

oT/K = ± 0 . 07 ;  oP/HPa = ± 0 . 0 1 ;  
oxcH4 ' o ycH� = ± o . lo ;  

REFERENCES : 

1 .  Kahn , J . P . ;  Kurata , F . ;  
Petro Z Proaess , 1956,  1 1 ,  57 . 



Alkanes: Pressure Greater Than 0.2 MPa 325 

COHPONENTS : ORIGINAL HEASUREHENTS : 

1 .  Hethane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Shim , J . ; Kohn , J . P .  

2 .  Hexane ; C s H 1 4 ; [ 110-54- 3 ]  J .  Chern . Engng . Data, 1 9 6 2 ,  7 ,  
3- 8 

EXPERI�ffiNTAL VALUES :  
Mole fraction of methane 

T/K P/MPa in liquid , in gas 
XCH4 YcH4 

2 2 3 . 15 4 . 05 0 . 3 1 9 7  -
5 . 07 0 . 3 8 6 5  -
6 . 0 8 0 . 4 5 6 0  -
7 . 0 9 0 . 5 2 2 5  -
8 . 11 0 . 5 8 8 0  -

2 4 8 . 15 1 . 01 0 . 0 6 9 5  -
2 . 03 0 . 1 3 6 6  -
3 . 04 O . l 9 CJ 5 -
4 . 0 5 0 . 2 5 7 0  -
5 . 07 0 . 3 1 2 0  -
6 . 0 8 0 . 3 6 4 3  -
7 . 0 9 0 . 4 1 4 0  -
8 . 11 0 . 4 66 0  -
9 . 1 2 0 . 5 2 4 5  -

1 0 . 13 0 . 5 8 2 5  -

2 7 3 . 1 5 1 .  01  0 . 0 5 6 0  -
2 . 03 0 . 1 1 0 8  -
3 . 04 0 . 1 6 3 7  -
4 . 0 5 0 . 2135  -
5 . 07 0 . 2 5 9 0  -
6 . 0 8 0 . 3 0 4 5  -
7 . 09 0 . 3 4 9 3  -
8 . 11 0 . 3 9 1 0  -
9 . 12 0 . 4 3 0 0  -

1 0 . 1 3 0 . 4 7 2 0  -

2 9 8 . 15 1 . 01 0 . 0 4 9 0  0 . 9 5 3 0  
2 . 03 0 . 0 9 7 8  0 . 9 7 2 8  
3 . 04 0 . 1 4 5 0  0 . 9 7 9 5  
4 . 0 5 0 . 1 8 9 0  0 . 9 8 3 0  
5 . 07 0 . 2 3 1 6  0 . 9 8 5 0  
6 . 0 8 o .  2 7 1 0  0 . 9 8 6 3  
7 . 0 9 0 . 3 0 9 0  0 . 9 87 1  
8 . 11 0 . 34 4 7  0 . 9 8 6 8  
9 . 12 0 . 3 8 1 0  0 . 9 8 5 4  

1 0 . 13  0 . 4 1 2 5  0 . 9 8 3 3  
12 . 16 0 . 4 7 4 0  -
14 . 1 9 0 . 5 3 7 0  -
1 6 . 2 1 0 . 6 0 9 0  -

32 3 . 15 1 . 01 0 . 0 4 2 2  0 . 9 0 2 1  
2 . 03 0 . 0 8 6 0  0 . 9 4 6 5  
3 . 04 0 . 12 9 0  0 . 9 6 14 
4 . 05 0 . 1 6 9 0  0 . 9 6 80 
5 . 07 0 . 2 0 8 0  o .  9 7 1 9  
6 . 0 8 0 . 24 5 8 0 . 97 4 7  
7 . 0 9 0 . 2 8 2 0  0 . 9 7 6 5  
8 . 11 0 . 3 1 8 6  0 .  9 7 7 0  
9 . 12 0 . 3 5 4 0  0 . 97 6 8  

10 . 13 0 . 3 8 5 0  0 . 9 7 5 1  
12 . 1 6  0 . 4 4 7 5  -
14 . 19 0 . 5 0 7 0  -
1 6 . 21 0 . 57 2 0  -

3 4 8 . 15 1 . 01 0 . 03 6 4  0 . 84 6 0  
2 . 03 0 . 0 7 6 7  0 . 9 0 2 8  
3 . 0 4 0 . 1 1 6 5  0 . 9 2 6 7  
4 . 05 0 . 1 5 4 3  0 . 9 3 8 5  
5 . 07 0 . 19 2 0  0 . 9 4 57 
6 . 0 8 0 . 2 2 8 0  0 . 9 4 9 2  



326 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORWINAL V.EASUREHENTS : 

1 .  Methane ; CH4 ; [ 74-82- 8 ]  Shim, J .  i Kohn , J . P .  

2 .  Hexane; C s H 1 4 1 [ 110- 5 4-3 ] J .  Chern . Engng . Data, 1962,  7, 
3- 8 .  

EXPERIMENTAL VALUES :  
l-1o1e fraction of methane 

T/K P/HPa in liquid, in gas , 
XCH4 YcH4 

34 8 . 15 7 . 0 9 0 . 2625  0 . 9 5 24 
8 . 11 0 .  2 9 6 3  0 . 9 555 
9 . 1 2 0 . 3 2 9 5  0 . 9 5 8 0  

1 0 . 13 0 . 3 6 0 0  0 . 9605  
12 . 16 0 . 4192  -
14 . 1 9 0 . 4 8 3 0  -
16 . 21 0 . 5 530  -

373 . 1 5 1 . 01 0 . 0300  0 . 7 8 7 5  
2 . 0 3 0 . 06 8 8  0 . 8316  
3 . 04 0 . 1065  0 . 87 6 0  
4 . 0 5 0 . 14 4 0  0 . 8 9 7 0  
5 . 0 7 0 . 1 810 0 . 9 0 8 2  
6 . 0 8  0 . 2160  0 . 91 5 8  
7 . 0 9 0 . 2 4 9 0  0 . 9 2 2 4 
8 . 11 0 . 2 8 0 7  0 . 9280  
9 . 12 0 . 3135  0 . 9321 

10 . 13 0 . 3 4 3 4  0 . 9 3 4 0  
12 . 16 0 . 4 0 3 3  -
14 . 1 9 0 . 4 7 0 0  -
1 6 . 21 0 . 5560  -

4 2 3 . 15 1 . 01 0 .  0110 0 . 4 4 2 0  
2 . 03 0 . 0 4 6 4  0 . 5625  
3 . 0 4 0 . 0 8 2 6  0 . 6 6 9 5  
4 . 0 5 0 . 1187 0 . 7220  
5 . 0 7 0 . 1 553  0 . 7520  
6 . 0 8 0 . 1 91 5  0 . 7 6 7 5  
7 . 0 9 0 . 2 278  0 . 7 7 8 0  
8 . 11 0 . 2645  0 . 7 80  
9 . 1 2 0 . 3 0 4 0  0 . 7 6 0  

10 . 13 0 . 3440  0 . 7 38  



Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2 - 8 ]  

2 .  Hexane ; C 6 H 1 4 ;  [ 1 1 0- 5 4 - 3 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K Pjatm PjMPa 

31 0 . 9 3 3 4 . 0 1 3 . 4 4 6  
6 8 . 0 3  6 . 8 9 3  

1 0 2 . 0 4 1 0 . 3 3 9  
1 3 6 . 0 5 13 . 7 8 5  
17 0 . 0 7 17 . 2 32 
1 8 3 . 6 7 1 8 . 6 1 0  
1 8 8 . 1 0 1 9 . 0 5 9  
1 9 3 . 54 1 9 . 6 1 0  
1 9 2 . 1 8 1 9 . 4 7 3  
1 9 5 . 2 4 1 9 . 7 8 3  
1 9 7 . 4 1 2 0 . 0 0 3  

34 4 . 2 6  34 . 0 1 3 . 4 4 6  
6 8 . 0 3 6 . 8 9 3  

102 . 0 4 1 0 . 3 3 9  
1 3 6 . 0 5 13 . 7 8 5 
1 7 0 . 0 7 17 . 2 32 
1 8 3 . 6 7 1 8 . 6 1 0  
1 8 7 . 0 7 1 8 . 9 5 5  
1 9 0 . 1 4 1 9 . 2 6 6  
191 . 6 3 1 9 . 4 1 7 

ORIGINAL MEASUREMENTS : 

Poston , R .  S . ; McKetta , J .  J .  
J , C hern ,  Eng . D ata 

1 9 6 6 , 1 1 , 3 6 2 - 3 .  

P REPARED BY : 

c .  L .  Young 

Mole fraction of methane 

in liquid , in vapor , 
XCH 4 YcH4 

0 . 1 5 3  0 . 9 6 9  
0 . 2 8 6  0 . 9 8 0  
0 . 4 0 4  0 . 9 7 9  
0 . 511 0 . 9 7 0  
0 . 6 3 8  0 . 9 6 9  
0 . 6 9 4  0 . 9 7 0  
0 .  7 1 5  0 . 9 6 8  
0 . 7 5 6  0 . 9 6 4  
0 . 7 4 0  0 . 9 6 2  
0 . 7 6 4  0 . 9 5 7  

Critical point 
0 . 1 3 5  0 . 9 3 7  
0 . 2 5 8  0 . 9 5 3  
0 . 3 7 1  0 . 9 6 2  
0 . 4 8 5  0 . 9 4 6  
0 . 5 9 4  0 . 9 2 8  
0 . 6 6 8  0 . 9 1 3  
0 . 7 0 1  0 . 911 
0 . 7 0 3  0 . 8 8 5  

Critical point 

{cont . )  

AUXI LIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Stainle s s  steel glass windowed cell . 

Vapor recycled using high pressure 

magnetic pump . Pressure measured 

using Bourdon gauge and temperature 

measured using thermocouples . 

Sample s  of both phases withdrawn at 

constant pressure and analysed by 

gas chromatography . Details of 

apparatus in source and ref . { 1 ) . 

SOURCE AND rURI TY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 

purity better than 9 9 . 9 mole 

per cent . 

2 .  Phillips Petroleum Co . sample , 

purity better than 9 9 . 9  mole 

per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oPjMPa = ± 0 . 0 1 4 ; 
oxcH4 ' oYcH4 = ± O . o o 2 .  

REFERENCES : 

1 .  Roberts ,  L .  R . ; Azarnoosh ,  A . ; 
Wong , R. ; McKetta , J .  J .  
J , C he rn , Eng . D ata 

1 9 6 2 , '?,  4 8 4 .  

327 



328 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74 - 8 2 - 8 ] 

2 .  Hexane ; C s H 1 4 ;  [110-5 4 -3 ] 

EXPERIMENTAL VALUES : 

T/K 

3 7 7 . 5 5 

4 1 0 . 9 5 

4 4 4 . 2 5 

Pjatm 

34 . 0 1 
6 8 . 0 3  

1 0 2 . 04 
1 3 6 . 0 5 
1 7 0 . 07  
172 . 7 9 
1 7 5 . 51 
1 7 7 . 8 9 
1 7 8 . 37 

3 4 . 01 
6 8 . 03 

102 . 04 
1 3 6 . 0 5 
1 4 4 . 9 0 
1 4 8 . 3 0 
1 5 1 . 1 6 
152 . 8 6 

2 4 . 7 6 
34 . 01 
6 8 . 0 3 

1 0 2 . 04 
1 0 7 . 14 
111 . 0 9 
114 . 76 

PjMPa 

3 . 4 4 6  
6 . 8 9 3  

10 . 3 3 9  
1 3 . 7 8 5  
17 . 2 3 2  
1 7 . 5 0 8  
1 7 . 7 8 4  
1 8 . 0 2 5  
18 . 0 7 3  

3 . 4 4 6  
6 . 8 9 3  

1 0 . 3 3 9  
13 . 7 8 5  
1 4 . 6 8 2  
1 5 . 0 2 6  
15 . 3 1 6  
15 . 4 8 9  

2 . 5 0 9  
3 . 4 4 6  
6 . 8 9 3  

10 . 3 3 9  
1 0 . 8 5 6  
11 . 2 5 6  
11 . 6 2 8  

ORIGINAL MEASUREMENTS : 

Poston , R .  S . ; Mcketta , J .  J .  

J .  C he rn . Eng .  D ata 

1 9 6 6 , 1 1 , 3 6 2- 3 .  

Mole fraction o f  methane 

in liquid , 
xCH4 

0 . 1 19 
0 . 2 4 0  
0 . 3 5 1  
0 . 4 7 7  
0 . 6 0 4  
0 . 6 1 8  
0 . 6 5 0  
0 . 6 7 5  

Critical 
0 . 1 0 3  
0 . 2 2 3  
0 . 34 5  
0 . 4 7 7  
0 . 52 8  
0 . 5 56  
0 . 5 9 8  

Critical 
0 . 02 5  
0 . 07 9  
0 . 2 0 8  
0 . 3 6 3  
0 . 3 8 8  
0 . 4 2 2  

Critical 

in vapor , 
YcH4 

0 .  8 7 1  
o .  9 1 1  
0 . 9 0 8  
0 . 8 9 5  
0 . 8 6 1  
0 . 82 2  
0 . 8 1 7  
0 . 7 84  

point 
0 . 7 3 8  
0 . 8 1 1  
0 . 8 3 0  
0 . 8 0 3  
0 . 76 8  
0 . 75 1  
o .  7 2 5  

point 
0 . 4 3 8  
0 . 52 2  
0 . 6 54  
0 . 6 6 0  
0 . 6 5 8  
0 . 64 1  

point 



Alkanes: Pressure Greater Than 0.2 M Pa 329 

COMPONENTS : 
1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

2 .  Hexane ; C s H 1 4 ;  [ 110-54-3 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

2 7 3 . 1 6  0 . 1 7 3 1  
0 . 3 4 5 4  
0 . 6 9 0 2  
1 .  0 3 4 9  
1 .  3 7 9 6  
2 . 0 6 9 1  
2 . 7 5 8 6  
4 . 1 3 6 8  
5 . 5158  
6 . 89 4 7  
8 . 2 7 3 7  
9 . 6 52 6  

11 . 0 3 2  
12 . 4 1 0  
13 . 7 8 9  
1 5 . 1 6 8  
1 5 . 857  
1 6 . 547  
17 . 2 37  
17 . 5 8 2  
17 . 9 2 6  
1 8 . 27 1  
1 8 . 4 4 3  ( a )  

ORIGINAL MEASUREMENTS : 
Lin , Y-N ;  Chen , R . J . J . ;  Chappelear , 
P . S . ; Kobay ashi , R .  

J .  Chern . Engng . Data, 1 9 7 7 , 2 2,  
4 02- 8 .  

PREPARED BY : 

C . L .  Young 

Mole fraction of methane 
in liquid in vapor 

xCH4 YCH4 

o. 0 0 9 7  0 . 9 6 4 3  
0 . 0 1 9 6  0 . 9 815 
0 . 03 8 7  0 . 9 8 9 8  
0 . 0 5 6 7  0 . 9 9 2 6 6  
0 . 0 7 4 4  0 . 9 9 3 9 6  
0 . 1 1 1 6  0 . 9 9 5 2 8  
0 . 14 6 9  0 . 9 9 5 6 6  
0 . 2127  0 . 9 9 5 7 8  
0 . 27 4 2  0 . 9 9 5 4 9  
0 . 3 3 2 8  0 . 9 9 4 6 5  
0 . 3 8 86 0 . 9 9 3 4 3  
0 . 4 4 3 5  0 . 9 9 1 6 6  
0 . 4 9 2 4  0 . 9 8 9 1  
0 . 54 0 0  0 . 9 84 9  
0 . 5 9 3 3  0 . 97 9 7  
0 . 6 4 01 0 . 9 6 9 2  
0 . 6 5 6 4  -
0 . 6 9 4 9  0 . 9 5 6 5  
o .  7 1 9 5  -
0 . 7 4 6 2  0 . 9 4 0 0  
0 . 7 7 5 8  0 . 9 3 6 6  
0 . 8 0 2 5  0 . 9 34 8 
0 . 9 2 9 0  0 . 9 2 9 0  

AUXI LIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus . 
Temperature measured wi th platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Liquid 
sample added to windowed cel l ,  air 
removed . Methane added to cell and 
recirculated for at least l/2 hour . 
Samples analysed by gas chromatog
raphy . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Ultra-high purity sample from 
Union Carbide Chemicals Corp . 
purit� 9 9 . 97 mole per cen t .  

2 .  Research grade sample from 
Phillips Petroleum Co . Purity 
9 9 . 9 9 mole per cent . 

ESTIMATED ERROR: o T/K = ± 0 . 2 ; oP/HPa = 
± 0 . 0 07 ; oxmax = ± 2 %  or 0 . 00 5  (which-

ever is greater) ; ( 1-oy ) max = ± 2 % . See 

source for fuller detail s of errors . 
REFERENCES : 

1 .  Elliot,  D . G . ; Chen , R . J . J . ;  
Chappelear , P . S . ; Kobayashi , R . , 

J .  Chern . Engng. Data . 1 9 7 4 ,  1 9,  
7 1 .  



330 Alkanes: Pressure Greater Tha n  0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane� CH4 � [ 74-82- 8 ]  Lin , Y-N � Chen , R . J .J . �  
2 .  Hexane � C s H 1 4 �  [ 11 0-54-4 ] Chappelear , P . S . ; Kobayashi , R .  

J .  Chern . Engng . Data . 1 9 7 7, 22,  
4 02-8 . 

EXPERH1ENTAL VALUES :  Hole fraction of methane , 
T/K P/MPa in liquid , in vapor 

XCH4 YcH4 

2 4 8 . 14 0 . 1 3 8 5 8  0 . 0 0 9 4 8 6  0 . 9 89 9 0  
0 . 1 7 3 0 6  o .  01152  0 . 9 9 1 7 9  
0 . 3 4 5 4 3  0 . 0 2 3 2 0  0 . 9 9 557  
0 . 6 9 0 1 6  0 . 04 6 3 8  0 . 9 9 7 5 7  
1 .  0 3 4 9  0 . 0 6 8 84 0 . 9 9 817  
1 .  3 7 9 6  0 . 0 8 9 9 8  0 . 9 9 84 7  
2 .  0 6 9 1  0 . 13 4 0  0 . 9 9 8 7 2  
2 . 7 5 8 6  0 . 1 81 9  0 . 9 9 8 7 9  
4 . 13 6 8  0 . 2 5 9 5  0 . 9 9 8 6 3  
5 . 5 1 5 8  0 . 3 3 4 7  0 . 9 9 82 0  
6 . 89 4 7  0 . 3 9 9 8  0 . 9 9 7 5 9  
8 . 2 7 3 7  0 . 4 6 7 2  0 . 9 9 6 3 2  
9 . 6 5 2 6  0 . 5 2 5 2  0 . 9 9 4 1 6  

11 . 0 3 2  0 . 5 80 4  0 . 9 9 0 5 2  
1 1 . 7 2 1  0 . 6 1 2 3  0 . 9 8 89 
1 2 . 4 10 0 . 6 3 8 2  0 . 9 8 4 4  
13 . 7 8 9 0 . 6 9 3 7  0 . 9 7 5 2  
1 5 . 16 8  0 . 7 6 0 1  0 . 9 6 4 4  
1 5 . 8 5 8  0 . 8 1 9 1  0 . 9 5 9 3  
1 6 . 1 1 3  { a )  0 . 9 5 6 4  0 . 9 5 6 4  

2 2 3 . 15 0 . 1 3 9 2 7  0 . 0 1 4 1 5  0 . 9 9 84 1  
0 . 1 7 3 7 5  0 . 0 1 7 1 0  0 . 9 9 8 7 2  
0 . 3 4 6 1 2  0 . 0 3 3 7 0  0 . 9 9 9 3 4 3  
0 . 6 9 0 8 5  0 . 0 6 3 7 2  0 . 9 9 9 6 3 2  
1 .  0 3 5 6  0 . 0 9 2 1 3  0 . 9 9 9 7 13 
1 .  3 8 0 3  0 . 1 2 1 8  0 . 9 9 9 7 57 
2 . 0 6 9 8  0 . 1 7 7 1  0 . 9 9 9 7 7 5  
2 . 7 5 9 3  0 . 2 3 9 4  0 . 9 9 9 7 9 5  
4 . 13 6 8  0 . 32 8 2  0 . 9 9 9 59 4  
5 . 5 1 5 8  0 . 4 2 0 7  0 . 9 9 9 2 5 6  
6 . 8 9 4 7  0 . 4 9 52 0 . 9 9 8 5 1  
8 . 2 7 3 7  0 . 5 8 9 3  0 . 9 9 6 1 3  
9 . 6 5 2 6  0 . 6 5 1 8  0 . 9 9 01 3  

1 0 . 34 2  0 . 7 0 1 1  0 . 9 87 1  
11 . 0 3 2  0 . 74 2 3  0 . 9 8 4 1  
11 . 7 2 1  0 . 7 7 7 4  0 . 9 81 6  
12 . 0 6 6  0 . 8 0 2 2  
1 2 . 2 3 8  0 . 8 1 8 9  
1 2 . 3 4 2  0 . 84 4 4  
1 2 . 4 1 0  0 . 8 5 2 2  
12 . 4 3 1  0 . 8 9 2 2  
12 . 4 3 8  {a)  0 . 9 7 84 0 . 9 7 8 4  

2 1 0 . 15 0 . 1 3 9 2 7  0 . 01 5 6 3  0 . 9 9 9 4 9 5 
0 . 1 7 3 7 5  0 . 01 8 6 7  0 . 9 9 9 5 8 9  
0 . 3 4 6 1 2  0 . 0 3 7 8 2  0 . 9 9 9 7 81 
0 . 6 9 0 8 5  0 . 0 7 3 0 7  0 . 9 9 9 8 6 8  
1 .  0 3 5 6  0 . 1 0 7 9  0 . 9 9 9 8 8 8  
1 .  3 8 0 3  0 . 1 4 1 1  0 . 9 9 9 9 0 3  
2 . 0 6 9 8  0 .  2 0 7 1  0 . 9 9 9 8 9 4  
2 . 7 5 9 3  0 . 27 0 0  0 . 9 9 9 8 7 8  
4 . 1 3 6 8  0 . 3 8 8 1  0 . 9 9 9 7 9 8  
5 . 5 1 5 8  0 . 5139  0 . 9 9 9 4 02 
6 . 89 4 7  0 . 6 1 6 2  0 . 9 9 7 3 0  
8 . 27 37 0 .  7 1 5 6  0 . 9 91 7 7  
8 . 9 6 31 0 . 7 5 7 5  
9 . 6 5 2 6  0 . 8 0 9 1  0 . 9 8 82 
9 . 7 9 0 5  0 . 8 2 7 9  
9 . 89 3 9  0 . 8 5 6 8  
9 . 9 2 8 4  o .  8 7 1 3  



Alkanes: Pressure Greater Than 0.2 MPa 331 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH � ; [ 74 - 8 2 - 8 ]  Li n ,  Y-N . ; Chen , R . J . J . ; 
2 .  Hexane ;  C s U 1 � ; [ 11 0 - 5 4 - 3 ]  Chappelear·, P .  S . ;  Kobayashi , R .  

J .  Chem . Engng . Data . 1 9 7 7 ,  22,  
4 0 2- 8 . 

EXPERIMENTAL VALUES : 
Mole fraction of methane 

T/K P/MPa in l iquid, in vapor , 
xCH�  YcH � 

2 1 0 . 15 9 . 9 4 9 1  o .  9 8 7 2  0 . 9 8 7 2  

1 9 8 . 0 5  0 . 1 3 7 2 1  0 . 0 1 9 5 0  0 . 9 9 9 8 4 8  
0 . 1 7 2 3 7  0 . 0 2 4 3 8  0 . 9 9 9 8 8 5 
0 . 3 4 4 7 4  0 . 0 4 7 4 2  0 . 9 9 9 9 2 7  
0 . 6 8 9 4 7  0 . 0 9 6 0 3  0 . 9 9 9 9 4 9  
1 .  0 3 4 2 0 . 13 9 0  0 . 9 9 9 9 5 5  
1 .  3 7 8 9  0 . 1 813  0 . 9 9 9 9 5 2  
2 . 0 6 8 4  0 . 2 6 6 0  0 . 9 9 9 9 3 9  
2 . 7 5 7 9  0 . 3 4 1 2  0 . 9 9 9 9 1 9  
3 . 4 4 7 4  0 . 4 2 2 5  0 . 9 9 9 89 3  
4 . 13 6 8  0 . 5 0 7 6  0 . 9 9 9 8 3 2  
4 . 82 6 3  0 . 5 9 3 6  0 . 9 9 9 6 4 0  
5 . 5 1 5 8  0 . 6 8 7 2  0 . 9 9 7 8 9  
6 . 2 0 5 3  0 . 7 5 9 6  0 . 9 9 5 7 2  
6 . 89 4 7  0 .  8117 0 . 9 9 4 3 5  
7 . 2 3 9 5  0 . 8 4 6 8  -

7 . 27 3 9  0 . 8 9 3 2  -
7 .  2 8 7 7  ( a )  0 . 9 9 3 6 4  0 . 9 9 3 6 4  

1 9 5 . 91 0 . 1 3 7 8 9  0 . 0 2 0 8 2  -

0 . 3 4 4 7 4  0 . 0 4 8 3 1  -
0 . 6 8 9 4 7  0 . 0 9 5 2 8  -
1 .  0 3 4 2  0 . 14 0 7  -

1 .  3 7 8 9  0 . 1 8 4 9  -
2 . 06 8 4  0 . 26 9 8  -
2 . 7 5 7 9  0 . 3555  -

3 . 4 4 7 4  0 . 4 4 2 9  -
4 . 1 3 6 8  0 . 5 3 2 3  -
4 . 8 2 6 3  0 . 6 4 2 2  -

5 . 2 055  (b)  o .  7177  0 . 9 9 7 6 3  

1 9 3 . 15 0 . 1 3 8 5 8  0 . 02 210 0 . 9 9 9 9 05 
0 . 1 7 3 0 6  o .  0 2 7 2 8  0 . 9 9 9 9 3 2  
0 . 6 9 0 1 6  0 . 0 9 9 6 4  0 . 9 9 9 9 6 4  
2 . 0 6 9 1  0 . 2 8 5 1  0 . 9 9 9 9 7 0  
3 . 4 4 7 4  0 . 4 6 9 7  0 . 9 9 9 9 3 2  
4 . 1 3 6 8  0 . 5 8 0 2  0 . 9 9 9 83 0  
4 . 6 5 3 9  0 . 6 9 0 2  0 . 9 9 9 5 6 7  
4 .  7 7 1 2  (b)  0 . 7 2 3 9  0 . 9 9 9 3 9 3  
4 .  7 7 1 2  ( b )  0 . 9 8 6 4  (L d 0 . 9 9 9 3 9 3  
4 . 8 2 6 3  0 . 9 91 4  (L d 0 . 9 9 89 8  
4 . 8 8 1 5  ( a )  0 . 9 9 8 8  (L d 0 . 9 9 8 8 2  

1 9 0 . 5 0 0 . 1 3 7 8 9  0 . 0 2 2 5 6  0 . 9 9 9 9 2 4  
0 . 17 2 3 7  0 . 0 2 8 0 3  0 . 9 9 9 9 6 0  
0 . 6 8 9 4 7  0 . 1 0 4 7  0 . 9 9 9 9 7 0  
2 . 0 6 8 4  0 . 3 0 0 4  0 . 9 9 9 9 8 8 
3 . 4 4 4 6  0 . 5 0 4 1  0 . 9 9 9 9 0 7  
4 . 13 6 8  0 . 6 4 8 7  0 . 9 9 9 814 
4 . 3 9 8 8  (b)  0 . 74 3 8  0 . 9 9 9 6 1 1  
4 . 37 8 8  (b)  0 . 9 6 9 5  (L d 0 . 9 9 9 611 
4 . 4 4 7 1  ( b )  0 .  9 7 2 4  (L d 0 . 9 9 9 57 7  
4 . 4 81 6  0 . 97 4 5  (L d 0 . 9 9 9 58 7  
4 . 5 1 6 1  0 . 9 8 9 7  (L d 0 . 9 9 9 6 0 9  
4 . 5 5 0 5  0 . 9 91 9  (L d 0 . 9 9 9 6 87 
4 . 58 5 0  (a)  0 . 9 9 9 8 4 7  (L d 0 . 9 9 8 4 7  

1 8 6 . 2 3 0 . 3 4 4 7 4  0 . 0 6 1 2 9  -
0 . 6 8 9 4 7  0 . 11 8 9  -
1 .  0 3 4 2  0 . 1 8 1 3  -



332 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL HEASURE!�NTS : 

1 .  He thane ; CH4 : [ 74-82- 8 ]  Lin, Y-N . ; Chen , R . J . J . ; 
Chappe lear , p .  s . ;  Kobayashi , R .  

2 .  Hexane ; C s H t 4 ; [ 110- 54 -3 ]  
J .  Chem. Engng . Dat a .  1977.  22 ,  
4 0 2- 8 .  

EXPERIMENTAL VALUES :  
Hole fraction of methane 

T/K P/MPa in liquid , in vapor , 
xCH4 YcH4 

1 8 6 . 23 1 . 3 7 8 9  0 . 2357 -
2 . 0 6 8 4  0 . 3412  -
2 . 7 5 7 9  0 . 4593  -
3 . 4 4 7 4  0 . 6010  -
3 .  7232  0 . 6826  -
3 . 8541  (b) 0 . 8057 0 . 9 9 9 8 37 
3 . 8541  (b )  0 . 9505  (L t l  0 . 9 9 9 8 3 7  
3 . 9 5 7 6  0 . 9 7 7 6  (L t l  -
3 .  9 9 2 0  0 . 9 8 7 1  (L t l  -

1 82 . 4 6 0 . 13789  0 . 02768  -
0 . 17237  0 . 0 3 4 6 3  -
0 . 3 4 4 7 4  0 . 0 6 6 2 3  -
0 . 6 8 9 4 7  0 . 1308  -
1 .  0342  0 . 1907 -
1 . 37 8 9 0 . 2 5 6 0  -
2 . 0 6 8 4  0 . 3822  -
2 . 7579  0 . 517 8 -
3 . 1026  0 . 6100  -
3 . 3 0 9 5  0 . 7 4 2 6  -
3 . 4 1 4 9  0 . 9 2 8 6  0 . 9 9 9 9 4 6  
3 . 5163  0 . 9 6 4 0  (L t ) -
3 . 5508  0 . 9 8 7 6  (Lt ) -

( a )  cri tical pres sure . 

(b)  pressure at which liquid-liquid-gas 
equilibrium exi sts . 

(L t ) light liquid in equilibrium with vapor . 

-



Alkanes: Pressure G reater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  Hexane ; C s H 1 4 l  [ 1 1 0 - 5 4- 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

Phases in 
equilibrium T/K 

1 9 5 . 72  

1 9 4 . 0 0 
1 9 2 . 0 0 
1 9 0 . 0 0 
1 8 8 . 0 0 
1 8 6 . 0 0 
1 8 4 . 0 0 

1 8 2 . 7 3 

P/ atm 

5 1 . 3 3 

4 8 . 6 7 
4 5 . 8 1 
4 3 . 0 8 
4 0 . 5 1 
37 . 9 8 
35 . 6 1 

3 4 . 0 5 

ORIGINAL MEASUREMENTS : 

Merri l l ,  R .  c . ;  Luks , K .  D . ; 
Kohn , J .  P .  

J .  Chern . Eng . Data 

1 9 8 3 , 2 8 ,  2 1 0 - 2 1 5 .  

P REPARED BY : 

c .  L .  Young 

Mole fraction of a , b P/MPa methane , xCH4 
in L 1  in L 2 

5 . 2 0 1  0 .  7 6 7 7  0 . 9 8 3 3  

4 . 9 3 1  0 . 74 7 5  0 . 9 8 2 1  
4 . 6 4 2  0 . 7 5 4 2  0 .  9 7 1 4  
4 . 36 5  0 . 7 6 9 8  0 . 9 6 4 7  
4 . 1 0 5  0 . 7 8 5 5  0 . 95 6 6  
3 . 8 4 8  0 . 8 0 1 8  0 . 9 4 3 4  
3 . 6 0 8  0 . 8 1 5 9  --

3 . 4 50 0 . 8 5 2 1  0 . 8 5 2 1  

a Each point given is the average o f  several data points . 

b The original article gave the mole fraction of hexane . 

AUXI LI ARY INFORHAT ION 

METHOD APPARATUS /PROCEDURE : 

Glass equilibrium cell . Temperature 

measured with platinum resistance 

thermometer and pressure with 

Bourdon gauge . Stoichiometry and 

volumetric measurements were used 

to obtain liquid phase compositions 

and molar volumes . Gas phase 

as sumed to be pure methane . Molar 

volume data in source . 

apparatus in ref .  ( 1 ) . 

Details of 

SOURCE AND PURITY OF HATERI ALS : 

1 .  Linde , Ultra Pure grade sample , 

purity 9 9 . 9 7  moles per cent . 

2 .  Humphrey Chemical Co . sample , 

purity 9 9  moles per cent . 

ESTIHATED ERROR: 
o T/K = ± 0 . 0 3 ;  oP/MPa = ± 0 . 0 0 7 ;  

ox/x (hexane ) = ± 0 . 0 0 6 . 

REFERENCES : 

1 .  Hottovy , J .  D . ; Kohn , J .  P . ;  

Luks , K .  D .  

J .  Che rn .  Eng . Data 

1 9 8 1 , 2 6 ,  1 3 5 . 

333 



334 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 7 4-82-8 ]  Boomer , E .  H • ; Johnson , c .  A .  

2 .  Nitrogen ; N2 ; [ 7 727-37 - 9 ]  Can . J .  Res . B 

3 .  Hexane ; C G H ! � i [ 110-54-3]  19 3 8 , 1 6 ,  328-335 . 

VARIABLES : P REPARED BY : 

Temperature , pressure c . L .  Young 

EXPERIME NTAL VALUES : 

Mole fractions 
in liquid in vapor 

T/K P/atm P/MPa XCH � XN2 XC G H I � YcH �  YN2 Yc G H I  � 

2 9 8 . 15 1 0 . 1  - - - 0 . 8 0 4  - 0 . 1 9 6  
36 . 2  3 . 6 7 0 . 15 9  0 . 002  0 . 8 3 9  0 . 8 9 7  0 . 07 0  0 . 0 3 3  

0 . 16 2  0 . 0 0 3  0 . 8 3 5  0 . 92 0  0 . 05 4  0 . 02 6  
6 8 . 4  6 . 93 0 . 2 7 8  0 . 0 0 9  o .  713 0 . 9 3 4  0 . 04 8  0 . 018 

101 . 7  10 . 3 0 0 . 3 92 0 . 012  0 . 5 9 6  0 . 9 0 9  0 . 07 0  0 . 021 
0 . 3 9 0  0 . 0 1 3  0 . 5 97  0 . 9 16 0 . 06 3  0 . 021 

13 4 . 7  13 . 6 5 0 . 4 8 5  0 . 021  0 . 4 9 4  0 . 8 8 8  0 . 0 82 0 . 03 0  
1 67 . 9  17 . 01  0 . 57 8  0 . 0 3 0  0 . 392  0 . 8 8 3  o .  0 7 1  0 . 0 4 6  

0 . 5 8 3  0 . 027  0 . 3 9 0  0 . 8 9 6  0 . 0 57  0 . 04 7  
20 2 . 0  20 . 4 7 0 . 6 9 0  0 . 0 3 1  0 . 2 7 9  0 . 8 4 4  0 . 075  0 . 0 8 1  

0 . 6 8 9  0 . 0 3 7  0 . 2 74  0 . 8 3 8  0 . 0 8 0  0 . 08 2  
2 0 8 . 2  2 1 . 10 0 . 7 3 4  0 . 02 9  0 . 2 37 0 . 8 3 8  0 . 05 7  0 . 105 

o .  726 0 . 0 3 8  0 . 2 36  0 . 8 3 3  0 . 0 6 3  0 . 104  
2 2 9 . 3  23 . 2 3  0 .  7 7 1  0 . 0 4 9  0 . 18 0  0 . 7 7 9  0 . 04 6  0 . 175  

328 . 15 1 0 . 1  - - - 0 . 3 6 8 5  - 0 . 6 3 15 
36 . 2  3 . 67 0 . 142  0 . 0 0 3  0 . 8 55 0 . 8 7 3  0 . 07 8  0 . 04 9  

1 01 . 7  10 . 30 0 . 3 5 5  0 . 017  0 . 62 8  0 . 8 9 9  0 . 0 6 7  0 . 0 3 4  
16 7 . 9  17 . 01  0 . 5 53  0 . 02 6  0 . 4 21 0 . 8 8 2  0 . 06 0  0 . 05 7  
20 2 . 0  20 . 4 7 0 . 6 6 2  0 . 0 3 5  0 . 3 0 3  0 . 8 2 7  0 . 0 6 4  0 . 10 9  

0 . 6 5 4  0 . 0 4 0  0 . 3 0 6  0 . 8 2 8  0 . 06 3  0 . 10 9  
2 0 8 . 2  2 1 . 10 o .  7 1 0  0 . 041  0 . 2 4 9  0 . 8 0 8  0 . 04 6  0 . 14 6  

o .  7 1 5  0 . 0 3 5  0 . 2 50  0 . 8 0 8  0 . 0 47  0 . 14 5  
21 9 . 1  22 . 2 0  0 . 7 6 8  0 . 0 4 3  0 . 18 9  0 . 7 6 8  0 . 04 6  0 . 18 6  

(cont . )  

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Rocking autoclave stirred by steel 

piston falling under gravity . 

Samples of vapor and liquid trapped 

in two auxiliary high pressure cells .  

Equilibrium samples analysed in 

complicated volumetric and combustion 

apparatus . Details in ref .  ( 1 ) . 

NOTE : The source reference also 

contains data on a mixture of hexanes 

+ methane + nitrogen . Since the 

isomeric composition of the hexane 

mixture is not known , the data have 

not been included here . 

SOURCE AND PURITY OF MATE RI ALS : 

1 .  and 2 .  Natural gas sample con
taining 9 4 . 4  mole per cent 
of methane and 5 . 6  mole 
per cent of nitrogen . 
Impurities may have been 
present amounting to 0 . 1  
mole per cent . 

3 .  Synthesized from propyl 
bromide; product fraction
ated . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 02 ;  

ox , oy = ±1% (estimated by compiler) 

REFERENCES : 

1 .  Boomer, E .  H . ; Johnson , c .  A . ; 

Argue , G .  H .  

Can . J ,  Res .  B 

1937 , 1 5 ,  36 7 .  



Alkanes: Pressure Greater Than 0.2 MPa 335 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane 1 CH � 1 [ 7 4 - 8 2 -8 ]  Boomer , E • . H - 1 Johnson , C .  A .  

2 .  Nitrogen 1 N 2 1  [ 7 72 7 - 3 7 - 9 ] Can .  J .  Res . B 

3 .  Hexane 1 C G H 1 � 1  [ 110-54 -3 ] 1 9 3 8 , 1 6 ,  3 2 8 - 3 3 5 . 

EXPERIMENTAL VALUES : 
Mole fractions 

in liquid in vapor 
T/K P/atm P/MPa xCH� XN 2 XC G H l � YcH� YN 2 Yc G H l � 

3 5 8 . 15 3 5 . 5  3 . 6 0 0 . 12 6  0 . 0 0 3  o .  8 7 1  0 . 82 9  0 . 05 8  0 . 113  
1 0 1 . 4  10 . 2 7 0 . 3 3 3  0 . 016 0 . 6 5 1  0 . 8 9 3  0 . 04 7  0 . 06 0  
1 6 7 . 6  16 . 9 8 0 . 5 3 7  0 . 02 0  0 . 4 4 3  0 . 85 0  0 . 052 0 . 09 8  
1 8 7 . 9  1 9 . 04 0 . 6 1 1  0 . 0 3 7  0 . 3 5 2  0 . 8 01  0 . 0 6 0  0 . 13 9  

0 . 6 0 3  0 . 0 3 3  0 . 3 6 4  0 . 8 0 7  0 . 05 8  0 . 13 5  
2 01 . 0  2 0 . 37 o .  7 1 4  0 . 03 6  0 . 2 5 0  0 . 7 0 3  0 . 0 4 7  0 . 2 5 0  

M-L 



336 Alkanes: Pressure G reater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane;  CH � ;  [ 7 4-82-8 ] 

2 .  3-Methylpentane ; C 6H 1 � i 
[ 9 6-14-0 ]  

VARIABLE S :  

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 

32 3 . 15 

34 8 . 15 

p/atm 

0 . 2225  
5 

10 
15 
20  
25  
30  

0 . 6 4 6  
5 

10 
15 
20 
25 
30 

1. 427  
5 

10 
15 
20 
25 
30  

p/MPa 

0 . 02254  
0 . 5 1 
1 . 0 1 
1 .  52  
2 . 0 3 
2 . 5 3 
3 . 0 4 
0 . 6 5 5  
0 . 5 1 
1 . 0 1 
1 .  52  
2 . 0 3 
2 . 5 3 
3 . 0 4 
1 .  4 4 6  
0 . 51 
1 . 0 1 
1 .  52  
2 . 0 3 
2 . 5 3 
3 . 0 4 

ORIGINAL MEASUREMENTS : 

Kohn , J .  P . ; Haggin , J .  H .  s .  

J .  Chern . Engng . Data 

196 7 ,  1 2 ,  313-5 . 

PREPARED BY : 

C .  L .  Young 

Mole fractions 

in liquid , in vapor , 
:x:CH � YcH� 

o . o o o  0 . 0 0 0  
0 . 0234  -
0 . 0 4 8 0  0 . 9 510 
0 . 0 726 0 . 9 6 39 
0 . 0965  0 . 9 7 12 
0 . 1202  0 . 9 7 5 8  
0 . 14 4 0  0 . 9 7 8 7  
0 . 00 0  o . o o o  
0 . 0191 -
0 .  0 4 11 0 . 9001  
0 . 0 6 3 0  0 .  9 2 7 7  
0 . 0 8 4 7  0 . 9 4 5 1  
0 . 1061  0 . 9552  
0 . 12 7 3  0 . 9 6 0 2  
0 . 000  0 . 0 00 
0 . 0 1 4 9  -
0 . 0357  0 . 8 4 10 
0 . 0559  0 . 8 7 6 0  
0 . 0 7 5 7  0 . 8 9 8 4  
0 . 0 9 4 9  0 . 9132  
0 . 1142 0 . 9233  

( cont . )  

AUXI LI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Borosilicate glass static equi
librium cell .  Temperature 
measured with platinum resistance 
thermometer . Pressure measured 
with dead weight gauge . Samples  
of methane added to  3-methylpentane . 
Liquid phase composition estimated 
from known overall composition and 
volume of both phases . Dew point 
composition determined us ing 
simi lar procedure but with a cell 
fitted with a capillary tube at 
lower en� so very small amounts of 
liquid could be measured . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 
purity 9 9  mole per cent . 
Purified by passage over sil ica 
gel and activated carbon . 
Final purity about 9 9 . 5  mole per 
cent . 

2 .  Phillips Petroleum Co . sample . 
Degassed . Purity at least 9 9  
mole per cent . 

EST IMATED ERROR: 

oT/K = ± 0 . 02 ;  oP/MPa = ± 0 . 0 06 ; 

o:x:CH� = ± 0 . 0 0 1 ;  oyCH� = ± 0 . 0 02 . 

REFERENCES : 



Alkanes: Pressure Greater Than 0.2 M Pa 337 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Hethane ; CH � ;  [ 7 4- 8 2 - 8 ] Kohn , J .  P . ; Haggin , J .  H .  s .  

2 .  3-Methylpentane ; C 6 H 1 � i J .  Chern . Engng . Data 
[ 9 6-14-0 ] 

1 96 7 , 1 2 ,  3 13-5 . 

EXPERH1ENTAL VALUES :  

Hole fractions 

T/K p/atm p/MPa in liquid in vapor , 
.xCH � YcH� 

3 7 3 . 15 2 . 7 8 6  0 . 2 8 2 3  0 . 00 0  0 . 0 00  
5 0 . 5 1 0 . 00 8 9  -

1 0  1 .  0 1  0 . 0 2 9 7  o .  7 2 9 2  
15 1 . 52 0 . 0 4 8 0  0 . 7 8 10 
2 0  2 . 0 3 0 . 0 6 6 9  0 . 8 1 9 0  
2 5  2 . 53 0 . 0 8 6 0  0 . 8 4 6 0  
3 0  3 . 0 4 0 . 1 0 4 9  0 . 8 6 5 5  



338 Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS :  

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  

2 .  Heptane ; C 7 H 1 6 I  [ 14 2 - 8 2-5 ]  

EVALUATION : 

EVALUATOR : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3 0 5 2 , 
Australia . 

March 1 9 8 4 

The solubility of methane in heptane has been studied at high 
pressures over the temperature range 1 8 3  K to 5 1 1  K .  

The data o f  Boomer e t  a Z .  ( 1 )  are classified a s  doubtful since 
these workers used methane which contained over 5 mole per cent of nitrogen . 
The data of Koonce and Kobayashi ( 2 )  were over a very limited range of 
experimental variables and are not considered further . 

The data of Reamer e t  a Z .  ( 3 )  cover the temperature range 2 77 . 6  K 
to 51 0 . 9  K and overlap with the data of Kohn ( 4 )  at 2 77 . 6  K .  The two 
sets of data agree well at the common temperature . Both sets of data 
are classified as tentative . There is also fair agreement between the 
data of Kohn ( 4 )  and Chang e t  a Z .  ( 5 )  for temperature in the range 2 0 0  K 
to 2 5 5  K ,  the later data giving a slightly greater mole solubility of 
methane . The data of Chang e t  a Z .  ( 5 )  are also classified as tentative . 

References 

1 .  Boomer , E .  H . ; Johnson , C .  A. ; Piercey , A .  G .  A .  
Can .  J .  Res . , 1 9 3 8 , 81 6 ,  3 9 6 . 

2 .  Koonce ,  K .  T . ; Kobayashi , R .  
J .  Chern . Eng . Data , 1 9 6 4 , 9 ,  4 9 4 .  

3 .  Reamer , H .  H .  ; Sage , B .  H .  ; Lacey , W .  N .  
J .  Chern . Eng . Data , 1 9 5 6 , 1 ,  2 9 . 

4 . Kohn , J .  P .  
Am. Ins t .  Chern . Engnrs . J . , 1 9 6 1 ,  ? ,  514 . 

5 .  Chang , H . L . ; Hunt , L .  J . ; Kobayashi , R .  
Am . Ins t .  Chern . Engnrs . J . , 1 9 6 6 , 1 2 ,  1 2 1 2 . 



Alkanes: Pressure Greater Tha n  0.2 MPa 339 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  Reamer , H . H . ; Sage , B . H . ; Lacey , W . N  

2 .  Heptane ; C 7 H 1 s ; [ 14 2- 8 2 - 5 ]  J .  Che rn .  Engng . Data, 1 9 5 6 , 1 , 2 9 - 4 2  

VARIABLES : PREPARED BY : 

Temperature , pressure C . L .  Young 

EXPERIMENTAL VALUES : 
Mole fraction of methane 

T/°F T/K p/psi P/MPa in liquid , in vapor , 
.xCH4 YcH4 

4 0  2 7 7 . 6  2 0 0  1 . 3 8 0 . 07 5 3  0 . 9 9 6 4  
4 0 0  2 . 7 6 0 . 1 4 4 5  0 . 9 9 7 4  
6 0 0  4 . 14 0 . 2 0 8 4  o .  9 9 7 1  
8 0 0  5 . 52 0 . 2 6 7 0  0 . 9 9 7 0  

1 0 0 0  6 . 8 9 0 . 3 2 15 0 . 9 9 6 6  
1250  8 . 6 2 0 . 3 8 4 0  0 . 9 9 5 7  
1 5 0 0  1 0 . 3 4 0 . 4 4 1 0  0 . 9 9 4 0  
1750  12 . 07 0 . 4 9 3 0  0 . 9 9 2 0  
2 0 0 0  13 . 7 9 0 . 54 2 5  0 . 9 8 9 0  
2 2 5 0  15 . 5 1 0 . 5 9 0 0  0 . 9 8 5 0  
2 5 0 0  1 7 . 24 0 . 6 3 7 3  0 . 9 7 8 0  
2 7 5 0  1 8 . 9 6 0 . 6 8 7 0  0 . 9 6 9 0  
3 0 0 0  2 0 . 6 8 0 . 74 0 0  0 . 9 5 3 0  
3 3 2 8  2 2 . 9 5 0 . 8 9 4  0 . 89 4  

1 0 0  31 0 . 9  2 0 0  1 .  3 8  0 . 06 4 0  0 . 9 8 6 6  
4 0 0  2 . 7 6  0 . 12 4 0  0 . 9 9 0 5  
6 0 0  4 . 14 0 . 1 8 1 0  0 . 9 911 
800  5 . 5 2 0 . 23 4 0  o .  9 9 1 1  

1 0 0 0  6 . 8 9 0 . 2 8 4 2  0 . 9 9 1 0  
1 2 5 0  8 . 6 2 0 . 3 4 2 5  0 . 9 9 0 0  
1 5 0 0  10 . 3 4  0 . 3 9 6 3  0 . 9 8 8 1  
1 7 5 0  1 2 . 07 0 . 4 4 7 0  0 . 9 8 5 0  
2 0 0 0  13 . 7 9 0 . 4 9 5 0  0 . 9 8 0 1  
2 2 5 0  15 . 51 0 . 54 3 5  0 . 9 7 4 8  
2 5 0 0  17 . 2 4 0 . 59 0 5  0 . 9 6 9 0  

AUXILIARY INFORMATION 

METHOD I APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERI ALS : 

PVT cell charged with mixture of 1 .  
known composition . Bubble and dew 
points determined for various 
compositions . Temperature measured 
with platinum resistance thermometer , 
pressure measured with pressure 
balance . Coexisting liquid and 
gas compositions determined by 2 .  
graphical means . Details in source 
and ref ( 1 ) . 

Crude sample treated for 
removal of higher alkanes , C0 2 
and H 20 .  F inal purity 9 9 . 9  
mole per cent , less than 0 . 02 
mole per cent o f  other hydro
carbons .  

Purity better than 9 9 . 9 5 mole 
per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 02 ;  oF/psi = ± O . l ;  
o.xCH4 = ± 0 . 0 0 0 5 ;  oyCH4 = ± 0 . 0 0 0 3  

REFERENCES : 
1 .  Sage , G . B . ; Lacey , W . N .  

Trans . A m .  Ins t .  Mining . Met .  
Engnrs . 1 9 4 0 , 1 3 6 , 1 3 6 . 



340 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4-82-8 ]  Reamer , H .  H .  ; Sage , B . G . ; Lacey , 
2 .  Heptane ; c , H 1 s 1 [ 1 4 2-82-5]  W . N .  

J .  Chern . Engng . Data . 1956, 1 , 29 -
4 2 .  

EXPERIMENTAL VALUES : Mole fraction of methane 
T/°F  T/K p/psi P/MPa in liquid , in vapor , 

xCH� YcH � 

100  310 . 9  2750  1 8 . 96 0 . 6400  0 . 9 6 2 0  
3 0 0 0  2 0 . 6 8  0 . 6 9 10 0 . 9 5 3 0  
3 5 0 0  24 . 13 0 . 8030  0 . 9 0 5 0  
3 6 0 9  24 . 8 8 0 . 8550  0 . 8 5 5 0  

1 6 0  344 . 3  2 0 0  1 .  3 8  0 . 0565  0 . 9 5 9 7  
4 0 0  2 . 7 6  0 . 1110 0 . 97 3 3  
6 0 0  4 . 1 4 0 . 1623 0 . 9 7 8 0  
8 0 0  5 . 52 0 . 2107 0 . 9 7 9 8  

1000  6 . 8 9 0 . 2567  0 . 9 8 0 4  
1 2 5 0  8 . 6 2 0 . 3108  0 . 9 7 9 5  
1 5 0 0  10 . 3 4 0 . 3 6 2 0  0 . 97 7 0  
1750  1 2 . 07  0 . 4 125 0 . 97 4 2  
2000  13 . 7 9 0 . 4 6 2 0  0 . 9 7 0 5  
2250  15 . 51 0 . 5090  0 . 9 6 5 6  
2500  17 . 24 0 . 5580  0 . 9 5 9 0  
2750  1 8 . 9 6  0 . 6 0 7 0  0 . 94 9 0  
3 0 0 0  20 . 6 8 0 . 6 610  0 . 9 3 6 0  
3 5 0 0  24 . 13 0 . 7 8 7 0  0 . 85 9 5  
3 5 4 9  24 . 4 7 0 . 817 0 . 817 

220 37 7 . 6  2 0 0  1 .  3 8  0 . 04 9 4  0 . 8942  
400  2 . 7 6 0 . 1003  0 . 9 3 0 5  
6 0 0  4 . 1 4 0 . 14 9 2  0 . 94 4 9  
B O O  5 . 5 2 0 . 1 9 6 0  0 . 9517  

1000  6 . 8 9 0 . 2410  0 . 9558  
1250  8 . 62 0 . 29 4 0  0 . 9 5 6 6  
1500 10 . 3 4 0 . 34 50 0 . 95 6 4  
1 7 5 0  12 . 07 0 . 3957  0 . 9 5 3 2  
2 0 0 0  13 . 7 9 0 . 4457  0 . 94 7 4  
2250  15 . 51 0 . 4 9 4 4  0 . 9 3 9 2  
2 5 0 0  17 . 2 4 0 . 5 450  0 . 9 2 8 0  
2750  18 . 9 6 0 . 5 995  0 . 9120  
3000  2 0 . 6 8  0 . 6 615 0 . 8 8 6 4  
3 2 9 8  2 2 . 74  0 . 7 7 8  0 . 77 8  

2 8 0  41 0 . 9  2 0 0  1 .  3 8  0 . 04 0 5  0 . 74 81 
4 0 0  2 . 7 6 0 . 0918  0 . 8 6 2 8  
6 0 0  4 . 1 4 0 . 13 9 0  0 . 8 8 9 4  
8 0 0  5 . 5 2 0 . 1 8 5 0  0 . 9 0 3 7  

1000  6 . 8 9 0 . 2 290 0 . 9100  
1250  8 . 6 2 0 . 2810  0 . 9120  
1500  10 . 3 4 0 . 3 3 0 8  0 . 9170  
1750  1 2 . 07 0 . 3810  0 . 9 0 7 3  
2 0 0 0  13 . 7 9 0 . 4 3 2 9  0 . 9 0 0 0  
2250  15 . 51 0 . 4 880  0 . 89 0 0  
2500  17 . 2 4 0 . 5 4 4 6  0 . 8 6 6 0  
2750  18 . 9 6 0 . 6150  0 . 82 8 0  
2 9 2 7  2 0 . 18 0 . 7 32  0 . 7 32  

340  200  1 .  38  0 . 03 0 5  0 . 5100  
4 0 0  2 . 7 6 0 . 0 8 4 0  0 .  7 2 2 0  
6 0 0  4 . 1 4 0 . 1317  0 . 7 7 5 0  
8 0 0  5 . 5 2 0 . 17 8 6  0 . 8 0 6 0  

1 0 0 0  6 . 89 0 . 2240  0 . 8 2 6 0  
1250  8 . 62 0 . 2 7 8 0  0 . 8 3 6 9  
1500  10 . 3 4 0 . 3 3 1 6  0 . 8 3 6 0  
1 7 5 0  12 . 07  0 . 3 8 5 0  0 . 82 5 0  
2 0 0 0  13 . 7 9 0 . 4 4 3 1  0 . 8040  
2250  15 . 5 1 0 . 51 6 5  0 . 77 3 0  
2 4 6 9  17 . 02 0 . 672  0 . 67 2  

4 0 0  47 7 . 6  2 0 0  1 .  3 8  0 .  0132  0 . 2 0 6 0  
4 0 0  2 . 7 6 0 . 06 7 0  0 . 5223 
6 0 0  4 . 1 4 0 . 12 0 0  0 . 6 210  
800  5 . 5 2 0 . 17 4 0  0 . 67 0 0  



Alkanes: Pressure Greater Than 0.2 M Pa 341 

COMPONENTS : ORIGINAL MEASUREMENTS 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  Reamer , H . H . ; Sage , B . H . ; 
2 .  Heptane ; c ,H t 6 1  [ 1 4 2- 8 2-5 ]  Lacey , W . N .  

J .  Chem . Engng . Data . 1 9 5 6 , 1 , 
2 9-4 2 .  

EXPERIMENTAL VALUES : Mole fraction of methane 
TjO F T/K p/ps i  P/MPA in liquid in vapor 

xCH 4 YcH 4  

4 0 0  4 7 7 . 6  1 0 0 0  6 . 8 9 0 . 2 2 9 0  0 . 6 9 3 0  
1 2 5 0  8 . 62 0 . 2 9 8 0  0 . 6 9 9 0  
1 5 0 0  10 . 3 4 o .  3 7 2 5  0 . 6 9 4 0  
1 7 5 0  12 . 07 0 . 4 6 2 0  0 . 6 6 9 0  
1 9 0 6  13 . 14 0 . 5 85  0 . 5 85  

4 6 0 510 . 9  4 0 0  2 . 7 6 0 . 0 4 8 5  0 . 26 4 0  
6 0 0  4 . 14 0 . 1 2 0 5  0 . 4 1 9 9  
8 0 0  5 . 5 2 0 . 1 9 1 8  0 . 4 6 7 0  

1 0 0 0  6 . 8 9 0 . 27 3 0  0 . 4 7 5 0  
1 2 0 6  8 . 3 2 0 . 4 4 1  0 . 4 4 1  



342 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82- 8 ]  

2 .  Heptane ; C 7 H 1 6 ; [ 14 2-8 2-5 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

277 . 5 9 

2 6 6 . 4 8 

6 . 8 9  
13 . 7 9 
20 . 6 8 
2 7 . 5 8 
34 . 4 7 
4 1 . 37 
4 8 . 2 6 
55 . 16 
6 2 . 0 5 
6 8 . 9 5 
75 . 8 4 
8 2 . 74  
8 9 . 6 3 
9 6 . 5 3 

103 . 42 
6 . 8 9 

13 . 7 9 
20 . 6 8 
2 7 . 5 8 
34 . 4 7 
4 1 . 37  
4 8 . 2 6 
5 5 . 16 
62 . 05 

Mole fraction 
of methane 
in liquid , 

a:CH 4 

0 . 0 3 6  
0 .  0 72 
0 . 1 08  
0 . 141 
0 . 174 
0 . 2 0 4  
0 . 235 
0 . 2 6 4  
0 . 2 9 1  
0 . 31 8  
0 . 34 6  
o .  372 
0 . 395 
0 . 4 16 
0 . 4 4 0  
0 . 0 4 0  
0 . 08 1  
0 . 119 
0 . 156 
0 . 19 2  
0 . 2 2 3  
0 . 2 57 
0 . 2 8 8  
0 . 315 

ORIGINAL MEASUREMENTS : 

Kahn , J .  P .  

A m ,  Ins t .  Ch ern.  Engn�s . J ,  

1 9 6 1 ,  7 '  514-8 . 

PREPARED BY : 

T/K 

2 6 6 . 4 8  

255 . 37 

24 4 . 26 

6 8 . 95 
75 . 8 4 
82 . 74 
89 . 6 3 
96 . 5 3 

103 . 4 2 
6 . 8 9 

1 3 . 79 
20 . 6 8  
27 . 5 8 
34 . 4 7 
41 . 3 7 
4 8 . 2 6 
55 . 16 
6 2 . 05 
6 8 . 9 5 
75 . 8 4 
8 2 . 7 4  
89 . 6 3 
9 6 . 5 3 

10 3 . 42  
6 . 8 9 

1 3 . 79  

c .  L .  Young 

Mole fraction 
of methane 
in liquid,  

( cont . )  

a:CH 4 

0 . 3 42 
0 . 3 7 0  
0 . 3 9 4  
0 . 41 6  
0 . 4 3 8  
0 . 4 6 2  
0 . 04 4  
0 . 0 8 9  
0 . 131 
0 . 171 
0 . 2 0 9  
0 . 2 4 4  
0 . 2 7 8  
0 . 312 
0 . 3 4 0  
0 . 3 6 9  
0 . 3 9 8  
0 . 4 22 
0 . 4 4 4  
0 . 4 6 6  
0 . 4 8 9  
0 . 0 4 9  
0 . 0 9 8  

AUXI LI ARY INFO RNAT ION 

METHOD /APPARATUS/PROCEDURE : 

Pyrex glass ce ll .  Temperature 

measured with platinum resistance 

thermometer and pressure wi th 

Bourdon gauge . Bubble points of 

mixtures o f  known composition 

determined . Experimental data 

quoted obtained by smoothing . 

SOURCE AND PURI TY OF NATE RIALS : 

1 .  Pure grade material , purity 
better than 9 9  mole per cent . 
Dried and pressed over activated 
charcoal ; final purity 9 9 . 5  
mole per cent or better . 

2 .  Pure grade material , degassed . 

ESTINATED ERROR: 

oT/K = ± 0 . 02 ;  oP/MPa = ± 0 . 1 % or 
± o . 0 07 (whichever is greater) ; 

oa:CH = ±1% (compiler ) .  

REFERENCE S : 



Alkanes: Pressure Greater Tha n  0.2 M Pa 343 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  Kohn , J .  P .  

2 .  Heptane ; c ,Hl s 1 [ 14 2 - 8 2 - 5 ]  A m . In s t .  Chern . Engnr>s . J , 

1 9 6 1 , ? ,  5 1 4 - 8 . 

EXPERIMENTAL VALUES : 

Mole fraction Mole fraction 

T/K P/10 5 Pa o f  methane T/K P/10 5 Pa of methane 
in liqui d ,  i n  liquid,  

XCH� xcH .. 

2 4 4 . 2 6 2 0 . 6 8 0 . 14 4  2 2 2 . 0 4 8 9 . 6 3 0 . 5 85  
2 7 . 5 8 0 . 1 8 7  9 6 . 5 3  0 . 6 1 0  
3 4 . 4 7  0 . 2 2 8  1 0 3 . 4 2 0 . 64 0  
4 1 . 37  0 . 2 6 6  210 . 9 3 6 . 8 9 o .  0 7 2  
4 8 . 26 0 . 3 0 2  13 . 79 0 . 14 0  
55 . 16 0 . 3 3 6  2 0 . 6 8 0 . 2 0 3  
6 2 . 05 0 . 3 7 0  2 7 . 58 0 . 2 6 2  
6 8 . 95 0 . 4 02 3 4 . 4 7 0 . 32 3  
75 . 84 0 . 4 31 4 1 . 3 7 0 . 3 7 5  
82 . 7 4  0 . 45 7  4 8 . 2 6 0 . 4 3 3 
8 9 . 6 3  0 . 4 8 0  55 . 16 0 . 4 7 6  
9 6 . 5 3 0 . 5 0 4  6 2 . 05 0 . 515 

1 0 3 . 42 0 . 52 7  6 8 . 95 0 . 5 5 2  
2 3 3 . 15 6 . 8 9 0 . 05 5  7 5 . 8 4  0 . 5 84  

1 3 . 7 9 0 . 110  1 9 9 . 8 2  6 . 89 0 . 08 4  
2 0 . 6 8  0 . 15 9  13 . 7 9  0 . 1 6 3  
2 7 . 5 8 0 . 2 0 7  2 0 . 6 8  0 . 2 4 0  
3 4 . 4 7 0 . 2 4 9  2 7 . 5 8 0 . 310  
4 1 . 3 7  0 . 2 94  3 4 . 4 7 0 . 38 7  
4 8 . 26 0 . 3 3 0  4 1 . 3 7  0 . 4 6 0  
5 5 . 16 0 . 3 6 6  4 8 . 2 6 0 . 5 3 0  
6 2 . 0 5 0 . 4 0 6  5 5 . 16 0 . 5 6 5  
6 8 . 95 0 . 4 4 3  1 9 4 . 26 6 . 8 9 0 . 09 1  
7 5 . 84 0 . 4 7 3  1 3 . 79 0 . 1 8 1  
8 2 . 7 4  0 . 5 02  2 0 . 6 8 0 . 2 6 7  
8 9 . 6 3 0 . 5 2 7  2 7 . 5 8  0 . 35 1  
9 6 . 5 3 0 . 5 5 4  3 4 . 4 7 0 . 4 3 5  

1 0 3 . 42 0 . 5 7 8  4 1 . 37  0 . 52 0  
2 2 2 . 04 6 . 8 9 0 . 06 3  1 8 8 . 71 6 . 8 9 0 . 10 0  

1 3 . 79 0 . 1 2 4  1 3 . 79 0 . 2 06 
2 0 . 6 8  0 . 1 7 9  2 0 . 68 0 . 3 0 6  
2 7 . 5 8 0 . 2 32 2 7 . 5 8 0 . 4 0 3  
3 4 . 4 7  0 . 2 7 9  3 4 . 4 7 0 . 4 9 8  
4 1 . 3 7  0 . 3 2 9  4 1 . 37  0 . 5 8 2  
4 8 . 2 6 0 . 3 7 0  1 8 3 . 15 6 . 8 9 0 . 132  
5 5 . 16 0 . 4 1 0  13 . 7 9 0 . 2 5 0  
6 2 . 05 0 . 4 5 0  2 0 . 6 8 0 . 3 5 0  
6 8 . 95 0 . 4 9 2  2 7 . 58 0 . 4 5 9  
75 . 84 0 . 5 2 4  3 4 . 4 7 0 . 5 7 8  
8 2 . 7 4  0 . 55 6  

M-L• 



344 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane 1 CH - 1 [ 7 4 - 8 2 - 8 ] 

2 .  Heptane 1 C 7 H 1 6 1 [ 14 2 - 8 2 - 5 ]  

VARIABLES : 

Temperature , Pressure 

EXPERIMENTAL VALUES : 

2 3 3 . 15 
( 4 0 )  

2 4 4 . 2 6 
( - 2 0 )  

P/psi 

100  
2 0 0  
3 9 6  
6 0 5  
8 0 5  

1 0 0 8  
9 6 . 0  

212  
4 0 0  
6 0 8  
8 0 7  
9 9 0  

P/MPa 

0 . 6 8 9  
1 .  3 8  
2 . 7 3 
4 . 17 
5 . 5 5 
6 . 95 
0 . 6 6 2  
1 .  4 6  
2 . 7 6 
4 . 19 
5 . 5 6 
6 . 8 3 

ORIGINAL MEASUREMENTS : 

Koonce , K .  T . 1 Kobayashi , R .  

J .  Chern . Engng . Data 

1 9 6 4 , 9 , 4 94 - 5 0 1 . 

PREPARED BY : 

0 . 0 6 6 7  
0 . 12 0  
0 . 2 1 6  
0 .  3 1 1  
0 . 3 8 9  
0 . 4 5 5  
0 . 0 5 6 8  
0 . 11 4  
0 . 1 9 6  
0 . 2 8 0  
0 . 35 3  
0 . 4 1 2  

c .  L .  Young 

Mole fractions 

xc , H l G 

0 . 9 3 3 3  
0 . 8 8 0  
0 . 7 8 4  
0 . 6 8 9  
o .  6 1 1  
0 . 5 4 5  
0 . 9 4 3 2  
0 . 8 8 6  
0 . 8 0 4  
o .  7 2 0  
0 . 6 4 7  
0 . 58 8  

1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 . 0  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The solubilities were determined by 

measurement of retention volumes 

using gas chromatography . The 

method uses methane as a carrier gas , 

radioactively tagged methane as a 

sample and heptane as the stationary 

liquid . The technique is  

described in the source and in ref . 

( 1 )  • 

SOURCE AND PURITY OF MATERIALS : 

1 .  Sample dried , purity 9 9 . 7  mole 
per cent 1 0 . 2  mole per cent 
nitrogen and 0 . 1  mole per cent 
ethane . 

2 .  Phillips Petroleum research 
grade sample , purity 9 9 . 9 0 mole 
per cen t .  

ESTIMATED ERROR: 

oT/K = ± 0 . 1 1  oP/MPa = ± 2 % 1 
ox , oy = ± 6 %  ( estimated by 

compiler) .  

REFERENCES : 

1 .  Koonce ,  K .  T .  

Ph . D . thesis,  Ric e  University ,  

Housto n ,  1 9 6 3 . 
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COMPONENTS : 

1 .  Methane ; CH4 ;  [ 74 - 82 - 8 ] 

2 .  Heptane ; C 7H 1 G i [ 1 4 2 - 8 2 - 5 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K PjMPa 

2 5 5 . 4  

2 4 4 . 3  

0 . 6 9 0  
1 .  3 7 9  
2 . 7 5 8  
4 . 13 7  
5 . 516  
6 . 8 9 5  
8 . 6 1 8  

1 0 . 3 4  
1 2 . 07 
13 . 7 9 
1 5 . 51 
1 7 . 2 4  
1 8 . 96 
2 0 . 6 8 

0 . 6 9 0  
1 .  3 7 9  
2 . 75 8  
4 . 13 7  
5 . 51 6  
6 . 8 9 5  
8 . 61 8  

10 . 34 
12 . 07  
13 . 7 9 

Mole fraction 
of methane 

in liqui d ,  in gas , 
xCH 4 YcH4 

0 . 0 4 4 5 0  
0 . 0 9 012  
0 . 1 7 4 4 1  
0 . 2 4 9 0 4  
0 . 3 1 6 0 0  
0 .  3 7 7 2 0  
0 . 4 4 52 1  
0 . 4 9 6 5 7  
0 . 5 5 7 0 0  
0 . 6 1 6 9 3  
0 . 6 6 5 9 0  
0 .  7 1 8 3 1  
0 . 7 7 8 8 8  
0 . 8 5 8 5 0  
0 . 04 9 0 3  
0 . 1 0 3 3 0  
0 . 1 8 8 3 0  
0 . 2 6 6 8 5  
0 . 3 4 1 2 5  
0 . 4 0 7 8 1  
0 . 4 7 8 4 1  
0 . 5 3 8 8 5  
0 . 6 0 5 8 5  
0 . 6 6 5 8 3  

0 . 9 9 8 5 7  
0 .  9 9 8 7 7  
0 . 9 9 8 96 
0 . 9 9 8 7 3  
0 . 9 9 8 6 0  
0 . 9 9 8 3 8  
0 . 9 9 7 7 8  
0 . 9 9 6 3 9  
0 . 9 9 5 8 4  
0 . 9 9 4 2 7  
0 . 9 9 2 6 5  
0 . 9 85 3 5  
0 . 9 7 3 4 0  
0 . 9 3 9 9 9  
0 . 9 9 9 3 6  
0 . 9 9 9 4 5  
0 . 9 9 9 3 4  
0 . 9 9 9 2 4  
0 . 9 9 9 0 9  
0 . 9 9 8 9 3  
0 . 9 9 8 4 9  
0 . 9 97 8 9  
0 . 9 9 7 0 7  
0 . 9 9 5 9 6  

ORIGINAL MEASUREMENTS : 

Chang , H .  L . ; Hunt , L .  J . ; 

Kobayashi , R�  
Am, Ins t .  Chern . Engnr. J, 

1 9 6 6 , l l ,  1212-1216 . 

P REPARED BY : 

c .  L .  Young 

T/K 

2 4 4 . 3  

2 3 3 . 2  

2 2 2 . 0  

PjMPa 

1 5 . 51 
17 . 2 4 
18 . 9 6 

0 . 6 9 0  
1 .  3 7 9  
2 . 75 8  
4 . 137  
5 . 5 1 6  
6 . 8 9 5  
8 . 6 1 8  

10 . 34 
12 . 0 7 
13 . 7 9 
15 . 51 
1 7  .. 2 4  

0 . 6 9 0  
1 .  3 7 9  
2 . 75 8  
4 . 1 37  
5 . 516  
6 . 8 9 5  
8 . 61 8  

1 0 . 34 

Mole fraction 
of methane 

in liquid , in gas , 
xCH 4 YCH4 

0 . 7 2 1 9 0  0 . 9 9 3 0 4  
0 . 7 8 1 2 7  0 . 9 8 8 3 3  
0 . 8 6 3 4 0  0 . 9 7 5 6 0  
0 . 0 5 5 55 0 . 9 9 9 7 0  
0 . 1 1 6 3 2  0 . 9 9 9 7 4  
0 . 2 0 8 1 0  0 . 9 9 9 6 8  
0 . 2 9 9 0 1  0 . 9 9 9 5 8  
0 . 3 7 2 8 0  0 . 9 9 9 4 8  
0 . 4 4 8 0 9  0 . 9 9 9 3 3  
0 . 5 1 5 9 6  0 . 9 9 9 0 7  
0 . 5 7 8 9 5  0 . 9 9 8 6 9  
0 . 6 5 4 8 8  0 . 9 9 8 1 8  
0 . 7 3 7 4 6  0 . 9 9 7 4 6  
0 . 814 9 9  0 . 9 9 6 0 0  
0 . 8 8 7 9 9  0 . 9 9 2 0 0  
0 . 0 6 2 8 0  0 . 9 9 9 85 
0 . 1 2 3 5 0  0 . 9 9 9 87 
0 . 2 3 2 2 0  0 . 9 9 9 8 5  
0 . 3 2 5 5 0  0 . 9 9 9 8 0  
0 . 4 1 1 7 0  0 . 9 9 9 7 3  
0 . 4 9 2 1 0  0 . 9 9 9 6 4  
0 . 5 7 2 0 0  0 . 9 9 95 1  
0 . 6 5 4 2 0  0 . 9 9 9 2 9  

( cont . )  

AUXI LIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus 

with magnetic pump . Pressure 

measured with Bourdon gauge and 

temperature measured with thermo

pile . Samples of both phases 

analysed using gas chromatography 

with flame ionisation detector . 

Details in source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS ; 

1 .  High purity sample from Associated 

Oil and Gas Company . 

2 .  Phillips Petroleum Co . research 

grade sample . 

ESTIMATED ERROR: 

oT/K = ± 0 . 01 ;  
O xCH a. ' OyCH '+ 

= 

REFERENCES ; 

oP/MPa = ± 0 . 01 5 ; 
± 0 . 0 0 0 0 1  ( claimed by 

authors ) .  

1 .  Price , A .  R . ; Kobayashi , R .  
J , Chern . Eng . D ata 

1 9 5 8 ' 4 '  4 0 .  



346 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL HEASUREMENTS : 

1 .  Methane ; CH4 ;  [ 7 4-82 -8 ]  Chang , H .  L .  ; Hunt , L .  J .  

2 .  Heptane ; C1 H 1 s i  [142 -82-5]  Kobayashi , R .  
A m . In s t .  Chern . Engn r .  J . 
1 9 6 6 ,  1 1  I 1212 -1216 . 

EXPERIMENTAL VALUES : 

Mole fraction Mole fraction 
of methane of methane 

T/K PjMPa in liquid , in gas , T/K PjMPa in liquid , in gas , 
.x

CH YcH .xCH YcH 

22 2 . 0  12 . 0 7 0 . 72800  0 . 9 9 9 0 5  21 0 . 9  12 . 0 7 0 . 8 0 3 0 0  0 . 9 9 9 220 
13 . 7 9 0 . 7 9 4 9 0  0 . 9 9 8 5 4  13 . 7 9 0 .  8 9 110  0 . 9 9 8 5 9 0  
15 . 5 1 0 . 8 8 190 0 . 9 9 6 5 9  19 9 . 8  0 . 6 9 0  0 . 0 8 4 7 0  0 . 9 9 9 96 4  

210 . 9  0 . 6 9 0  o .  07260  0 . 9 9 9 9 3 0  1 .  3 7 9  0 . 1 6 350  0 . 9 9 9 9 6 4  
1 .  3 7 9  0 . 14 0 9 0  0 . 9 9 9 9 3 2  2 . 7 58 0 . 31100 0 . 9 9 9 9 5 5  
2 . 7 58 0 . 2 6 3 0 0  0 . 9 9 9 9 3 2  4 . 1 37 0 . 4 6120  0 . 9 9 9 9 4 0  
4 . 1 37 0 . 37800  0 . 9 9 9 9 0 0  5 . 516 0 . 5 6 5 2 0  0 . 9 9 9 910 
5 . 516 0 . 4 7 6 5 0  0 . 9 9 9 8 5 4  6 . 8 9 5  0 . 6 2 4 0 0  0 . 9 9 9 8 6 0  
6 . 8 9 5  0 . 55490  0 . 9 9 9 7 9 4  8 . 618  0 . 71500 0 . 9 9 9 8 0 0  
8 . 6 18 0 . 6 5 8 0 0  0 .  9 9 9 7 2 0  10 . 3 4 0 . 80560  0 . 9 9 9 7 0 0  

10 . 3 4 0 .  72100  0 . 9 9 9 5 9 0  12 . 0 7 0 . 90000  0 . 9 9 9 3 0 0  
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COMPONENTS : 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  

2 .  Nitrogen ; N 2 ;  [ 7 7 27 - 3 7 - 9 ] 

3 .  Heptane ; C 1 H 1 6 ;  [ 14 2 - 8 2 - 5 ]  

VARIABLES :  

Temperature , pres sure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Boomer , E .  H . ; Johnson , C .  A . ; 

Piercey , A .  G .  A .  

Can .  J .  Rea .  B 

1 9 3 8 , 1 6 ,  3 9 6 -4 1 0 . 

P REPARED BY : 

c .  L .  Young 

Mole fractions 
in l iquid in vapor 

T/K P/atm P/MPa XCH� XN 2 
XC 1 H 1 s YN 2 Yc 1H 1 s 

2 9 8 . 15 1 0 . 1  - - - 0 . 9 4 5  - 0 . 0 4 5  
3 6 . 2  3 . 6 7 0 . 16 3  0 . 0 02  0 . 8 3 5  0 . 9 2 8 5  0 . 05 4  0 . 0 1 7 5  

0 . 15 9  0 . 0 0 3  0 . 8 3 8  - - -

6 8 . 4  6 . 93 0 . 2 7 6  0 . 0 0 8  o .  7 16 o .  9 3 2  0 . 0 5 7 9  0 . 0 1 0 1  
- - - o .  9 2 8  0 . 0 5 9 1  0 . 0 1 2 9  

1 01 . 7  1 0 . 3 0 0 . 37 6  0 . 0 0 9  0 . 6 15 0 . 92 5  0 . 0 6 4 1  0 . 0 1 0 9  
0 . 3 8 7  0 . 0 0 5  0 . 6 0 8  0 . 9 3 6  o .  0 5 3 1  0 . 0 1 0 9  

1 3 5  13 . 7  0 . 4 7 0  0 . 012  0 . 5 1 8  0 . 9 0 8  0 . 07 8 7  0 . 0 1 3 3  
- - - 0 . 91 0  0 . 0 7 8 1  0 .  0 1 1 9  

1 6 7 . 9  17 . 01 0 . 53 9  0 . 02 6  0 . 4 3 5  0 . 910  0 . 0 6 8  0 . 0 2 2 0  
0 . 54 0  0 . 02 2  0 . 4 3 8  0 . 9 1 0  0 . 0 6 8 5  0 . 0 2 15 

2 02 . 2  2 0 . 4 9 0 . 62 2  0 . 02 4  0 . 3 5 4  0 . 8 9 4  0 . 0 6 9  0 . 03 7  
0 . 6 1 9  0 . 02 7  0 . 3 5 4  0 . 8 9 9  0 . 06 6  0 . 0 3 5  

2 36 . 0  2 3 . 9 1 0 . 7 0 5  0 . 03 5  0 . 2 6 0  - - -
2 3 6 . 8  2 3 . 9 9 0 . 7 0 5  0 . 04 0  0 . 2 55 o .  8 7 1  0 . 0 6 5  0 . 0 6 4  
2 4 3 . 6  2 4 . 6 8 0 . 7 31  0 . 0 4 3  0 . 22 6  0 . 85 8  0 . 07 9  0 . 08 3  
2 5 0 . 0  2 5 . 3 3 0 . 76 1  0 . 0 4 7  0 . 19 2  0 . 84 9  0 . 0 5 5  0 . 0 9 6  

3 2 8 . 15 1 0 . 1  - - - 0 . 7 6 9  - 0 . 2 3 1  
3 4 . 8  3 . 5 3  - - - 0 . 9 0 4  0 . 0 6 4  0 . 03 2  

0 . 14 1  0 . 0 0 4  0 . 8 5 5  - - -
1 00 . 9  10 . 22 0 . 35 2  0 . 0 0 9  0 . 6 3 9  0 . 92 8  0 . 05 1  0 . 0 2 1  

( cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Rocking autoclave stirred by steel 

piston falling under gravity . 

Samples of vapor and liquid trapped 

in two auxiliary high pressure cells . 

Equilibrium samples analysed in 

complicated volumetric and combustion 

apparatus . Details in ref .  ( 1 ) . 

NOTE : The source reference also 

contains data on impure heptane 

samples .  

SOURCE AND PURITY OF MATERIALS : 

1 and 2 .  Natural gas sample con
taining 94 . 4  mole per cent 
of methane and 5 . 6  mole per 
cent of nitrogen . 
Impurities may have been 
present amounting to 0 . 1  
mole per cent . 

3 .  Jeffrey Pine Oil sample , 
fractionated . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 02 ;  

ox , oy = ± 1 %  ( e stimated by compiler) . 

REFERENCES : 

1 .  Boomer , E .  H. ; Johnson , c .  A . ; 

Argue , G .  H .  

Can . J .  Rea .  B 

1 9 3 7 , 1 5 ,  3 6 7 . 



348 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH4 : [ 7 4-82-8 ]  Boomer , E .  H • : Johnson , c .  A . : 

2 .  Nitrogen : N2 : [ 7 727-3 7 0 9 ]  Piercey , A .  G .  A .  

3 .  Heptane : C 1H 1 s : [ 142-82-5 ] Can .  J .  Re s .  B 
1 9 3 8 , 1 6 ,  3 9 6 -410 . 

EXPERIMENTAL VALUES :  

Mole fractions 

in liquid in vapor 
T/K P/atm P/MPa XCH4 XN 2  XC 7 H 1 s  Yca4  YN 2  Yc 1H 1 s  

328 . 15 167 . 2  16 . 94 0 . 513  0 . 01 9  0 . 4 6 8  0 . 9 0 6  0 . 0 62 0 . 0 3 2  
236  23 . 9  0 . 6 8 5  0 . 0 3 1  0 . 2 8 4  0 . 8 6 0  0 . 0 6 1  0 . 07 9  

0 . 683  0 . 0 3 3  0 . 2 8 4  0 . 8 6 4  0 . 058  0 . 07 8  
2 4 9 . 3  25 . 3  0 . 74 7  0 . 0 3 7  0 . 216  0 . 8 22 0 . 05 5  0 . 123  

0 . 74 3  o .  0 4 1  0 . 216  0 . 818  0 . 06 5  0 . 117  
2 52 . 8  2 5 . 6 1 0 . 7 5 9  0 . 0 4 3  0 . 19 8  - - -

- - - 0 . 7 6 8  0 . 0 4 4  0 . 18 8  

358 . 1 5 1 0 . 1  - - - 0 . 3 23  - 0 .  6 7 7  
34 . 8  3 . 5 3 0 . 13 0  0 . 0 0 5  0 . 8 6 5  0 . 918  0 . 04 2  0 . 04 0  

100 . 9  10 . 22 0 . 3 39  0 . 0 1 0  0 . 6 5 1  o .  9 1 1  0 . 05 8  0 . 031  
167 . 2  16 . 9 4 0 . 4 9 4  0 . 02 0  0 . 4 8 6  0 . 8 8 7  0 . 0 61 0 . 052 
236 23 . 9  - - - 0 . 8 19 0 . 054  0 . 12 7  

0 . 6 9 5  o .  0 4 1  0 . 2 6 4  0 . 8 2 1  0 . 04 9  0 . 13 0  
24 2 . 5  24 . 57 0 . 7 35  0 . 0 3 7  0 . 2 28 0 . 7 5 2  o .  0 4 1  0 . 207  
2 4 9 . 3  25 . 2 6 0 . 7 6 3  0 . 0 3 6  0 . 201  0 . 76 2  0 . 0 3 9  0 . 19 9  



Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS : 

1 .  Methane 1 CH, 1 [ 7 4- 8 2-8 ]  

2 .  Octane 1 C 8 H t e 1  [ 11 1-6 5-9 ]  
or 
Nonane 1 C g H2 o 1  [ 111-84-2 ] 

EVALUATION : 

Methane + Octane 

EVALUATOR : 

Colin L . Young , 
School of Chemistry , 
Univers ity of Melbourne , 
Parkville , Victoria 305 2 , 
Australia . 

March 1 9 8 4 .  

There are only two sets of data on this system at elevated pressure 
and there are fairly large discrepancies between the two sets . The data 
of Frolich et a t .  ( 1 )  are thought to be less reliable and were originally 
presented in graphical form . These data are classified as doubtful . 

349 

The data of Kohn and Bradish ( 2 )  are more extensive and are believed to be 
more reliable and hence are classified as tentative . 

Methane + Nonane 

Shipman and Kohn ( 3 )  have studied this system at eight temperatures 
between 2 2 3  K and 4 2 3  K and their data are classified as tentative . The 
only other study on this system appears to be that of Savvina e t  a t .  ( 4 ) . 
These workers present data at temperatures between 313  K and 4 2 3  K but 
only in graphical form on a scale which lacks sufficient accuracy to be 
considered here . 
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Ind . Eng . Chern . , 1 9 3 1 , 2 3 , 5 4 8 .  

2 .  Kohn , J .  P . 1  Bradish , W .  F .  
J .  Chern. Eng . Da ta , 1 9 6 4 , 9 ,  5 .  

3 .  Shipman , L . M . 1 Kohn , J .  P .  
J .  Chern . Eng . Da ta , 1 9 6 6 , 1 1 , 1 7 6 . 

4 .  Savvina , Ya . 0 . 1  Velikovskii , A .  S .  
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350 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane; CH 4 ;  [ 74-82-8 ]  

2 .  Octane ; C a H t 8 ;  [ 111-65-9 ]  

VARIABLES :  

Pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Frolich , P . K . ; Tauch , E . J . ; 
Hogan , J . J . ; Peer , A . A .  

Ind. Eng . Chern . 1 9 3 1 ,  2 3 ,  54 8-550 

P REPARED BY : 

C . L .  Young 

T/K P/MPa 
* 

Solubility Mole fraction of + 
methane in liquid , 

298 . 1 5 1 . 0  
2 . 0  
3 . 0  
4 . 0  
s . o  
6 . 0  
7 . 0  
8 . 0  
9 . 0  

10 . 0  

11 
23  
36  
50 
64  
79  
9 4  

1 0 9  
1 2 3  
138  

xCH2 

0 . 0 6 8  
0 . 133  
0 . 194 
0 . 251 
0 . 3 00 
0 . 3 4 6  
0 . 3 86  
0 . 422  
0 . 4 51 
0 . 4 80 

* Data taken from graph in original article . Volume of gas 
measured at 101 . 3 25 kPa and 2 9 8 . 1 5 K dis solved by unit 
volume of liquid measured under the same conditions . 

+ Calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /AP PARATUS /PROCEDURE : 

Static equilibrium cel l .  Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method . Allowance was made for 
the vapor pressure of the liquid 
and the solubility of the gas at 
atmospheric pressure . Details in 
source . 

SOURCE AND PURITY OF MATERIALS : 

Stated that the materials 
were the highest purity availabl e .  
Purity 9 8  to 9 9  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oxCH4 = ± 5% 

REFE RENCES : 



Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH" ;  [ 74 - 8 2- 8 ] 

2 .  Octane ; C e H 1 e i [ 111-65- 9 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

2 2 3 . 15 

2 4 8 . 1 5  

2 7 3 . 15 

2 9 8 . 15 

ORIGINAL MEASUREMENTS : 

Kohn , J .  P . ;  Bradish , w .  F .  

J .  Chern . Engng . Data 

1 9 6 4 , 9 ,  5-8 . 

P REPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in l iquid , in vapor , 

xCH" YcH" 

0 . 08 6  -
0 . 16 8  -

0 . 24 4  -
0 . 3 1 2  -
0 . 3 7 0  -
0 . 4 2 4  -
0 . 4 7 2  -

0 . 06 5  -
0 . 12 8  -
0 . 18 7  -
0 . 2 3 8  -
0 . 28 8  -
0 . 3 3 7  -
0 . 3 7 3  -

0 . 0 5 4  -
0 . 10 6  -
0 . 155  -

0 . 20 1  -

0 . 24 4  -

0 . 28 5  -

0 . 31 9  -

0 . 0 4 7  0 . 9 9 8  
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1 . 01 
2 . 0 3 
3 . 0 4 
4 . 05 
5 . 07 
6 . 08 
7 . 0 9 
1 . 01 
2 . 0 3 
3 . 04 
4 . 0 5 
5 . 0 7 
6 . 0 8 
7 . 0 9 
1 . 0 1 
2 . 0 3 
3 . 04 
4 . 0 5 
5 . 0 7 
6 . 0 8 
7 . 0 9 
1 . 01 
2 . 0 3 0 . 0 9 4  0 . 9 9 9  ( cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Borosil icate glass equilibrium cel l .  

Temperature measured with platinum 

resistance thermometer , pressure 

measured on Bourdon gauge . Samples 

of methane added to octane . Dew 

and bubble point pressure measured . 

Data presented in original as 

smoothed values (as function of 

pressure in atm) • Details of 

method in source and ref . 1 .  

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample 
fractionated , purity > 9 9 . 5  
mole per cent . 

2 .  Phil lips Petroleum Co . sample , 
"pure" grade , purity at least 
99 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 , 0 7 ;  oP/MPa = ± 0 , 01 ;  

oxCH" ' oyCH" = ± 0 , 0 0 15 . 

REFERENCES : 

1 .  Kohn , J .  P . ;  Kurata , F .  
Petro l .  Proc e s s .  

1 9 5 6 , 1 1 , 5 7 . 



352 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 74 - 8 2 - 8 ]  

2 .  Octane ; C 8 H 1 8 ;  [ 111-65-9 ]  

EXPERIMENTAL VALUES : 

T/K P/MPa 

2 98 . 15 3 . 04 
4 . 0 5 
5 . 07 
6 . 08 
7 . 0 9 

3 2 3 . 15 1 . 01 
2 . 0 3 
3 . 04 
4 . 0 5 
5 . 07 
6 . 0 8 
7 . 09 

3 4 8 . 15 1 .  01  
2 . 0 3 
3 . 0 4 
4 . 05 
5 . 0 7 
6 . 08 
7 . 09 

3 7 3 . 15 1 . 0 1 
2 . 0 3 
3 . 0 4 
4 . 0 5 
5 . 0 7 
6 . 0 8 
7 . 0 9 

4 2 3 . 15 1 .  0 1  
2 . 0 3 
3 . 0 4 
4 . 05 
5 . 07 
6 . 08 
7 . 0 9 

ORIGINAL MEASUREMENTS : 

Kahn , J .  P . ; Bradish , W .  F .  

J .  Chern . Engng . Da ta 

1 9 6 4 , 9 ,  5-8 . 

Mole fraction o f  methane 
in liquid , in vapor , 

xCH4 YCH4 

0 . 13 6  0 . 9 9 9  
0 . 17 8  0 . 9 9 9  
0 . 22 0  0 . 9 9 9  
0 . 2 5 5  0 . 9 9 9  
0 . 2 8 7  0 . 9 9 9  
0 . 0 4 3  0 . 9 9 1  
0 . 08 3  0 . 9 9 5  
0 . 12 2  0 . 9 9 6  
0 . 16 1  0 . 9 9 7  
0 . 1 8 8  0 . 9 9 7  
0 . 2 34 0 . 9 9 7  
0 . 2 6 5  0 . 9 9 7  
0 . 03 8  -
0 . 07 5  0 . 9 8 5  
0 . 112  0 . 9 9 0  
0 . 14 8  0 . 99 2  
0 . 18 3  0 . 9 9 3  
0 . 21 8  0 . 9 9 4  
0 . 2 5 1  0 . 99 4  
0 . 0 33  0 . 94 7  
0 . 0 6 9  0 . 9 7 1  
0 . 1 0 4  0 . 97 9  
0 . 13 9  0 . 9 8 2  
0 . 17 3  0 . 9 8 4  
0 . 2 07  0 . 9 8 5  
0 . 2 4 0  0 . 9 8 6  
0 . 02 8  -
0 . 0 6 3  0 . 8 81 
0 . 0 9 7  0 . 91 4  
0 . 13 1  0 . 9 3 0  
0 . 16 4  0 . 9 3 9  
0 . 19 6  0 . 9 4 5  
0 . 22 9  0 . 9 4 9  



Alkanes: Pressure Greater Than 0.2 MPa 353 

COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4 - 82 - 8 ] 
2 .  2 , 2 , 3-Trimethy l pentane ; C9 H1 9 ; 

[ 5 6 4 - 0 2- 3 ]  

VARIABLES : 

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 

T/K 
( t/ C )  

31 3 . 2  
( 4 0 )  

333 . 2  
( 6 0 ) 

353 . 2  
( 8 0 ) 

METHOD APPARATUS /PROCEDURE : 

P/kgcm- 3 

2 0  
4 0  
60 

1 0 0  
1 5 0 
1 8 0  
2 0 0  
2 1 0  
2 2 0  
2 2 5  

4 0  
6 0  

1 0 0  
1 5 0  
1 8 0  
2 0 0  
2 1 0  
2 2 0  
2 2 4  

20  
40  
60  

1 0 0  
1 5 0  
1 8 0  
2 0 0  

AUXI L I ARY 

ORIGINAL MEASUREMENTS : 

Savvina , Ya . · o .  
Tr . Vs es . Nauahno-Iss Zed.  Ins t .  
Prirodn . Gazov . , l 96 2 , 1 7/25 , 
1 8 5- 1 9 6 . 

--

P REPARED BY : 

C .  L .  Young 

P/Mpa K-va l ue 
methane 2 , 2 , 3-trimethyl 

pentane 
1 .  9 6  1 0 . 3 0 0 . 08 0  
3 . 9 2 5 . 87 0 .  04 5 
5 . 8 8 4 . 1 4  0 . 03 9  
9 . 8 1 2 . 7 0 0 . 04 5  

1 4 . 7  1 .  95 0 . 06 3  
1 7 . 7  1 .  6 9  0 . 1 0 1  
1 9 . 6  1 .  52 0 . 5 1 6  
20 . 6  1 .  4 1  0 . 2 1 8  
2 1 . 6  1 .  25 0 . 4 0 0  
22 . 1  1 . 1 0 0 . 68 5  

3 . 9 2 6 . 02 0 . 05 8  
5 . 8 8 4 . 25 0 . 05 2  
9 . 8 1 2 . 74 0 . 05 8  

1 4 . 7  1 .  9 9  0 . 0 8 9  
1 7 . 7  1 .  70  0 . 1 2 3  
1 9 . 6  1 .  51  0 . 1 8 8  
2 0 . 6  1 .  37  0 . 2 7 2  
2 1 . 6  1 . 1 8 0 . 5 1 6  
22 . 0  1 .  0 1  0 .  93 5 

1 .  9 6  1 1 . 56 0 . 1 4 8  
3 . 9 2 6 . 2 6 0 . 07 0  
5 . 8 8 4 . 4 2  0 . 06 5  
9 . 8 1 2 . 8 3  0 .  07 5 

1 4 . 7  2 . 0 3 0 . 1 0 5  
1 7 . 7  1 .  8 0  0 . 1 4 2  
1 9 . 6  1 .  4 8  0 . 2 2 9  

IN FORHATION 

SOURCJ:. AND PURl TY OF HA1 ERI ALS ; 

Va l ues appear to be determi ned 
us ing apparatus de sc ibed in ref . ( l ) . 

No detai l s  given . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Savvina , Ya . D . ; Ve 1 ikovskii , A .  S .  
Tr . Vse a .  Nauahno-Isaed.  Ina t .  
Prirodn . Gaz ov . , 19 6 2 , 1 7/2 5 , 16 3 .  



354 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2 -8 ] Savvina , Ya . D .  
2 .  2 , 2 , 3-Trimethy1 pentane ; Cs H1 a ; T:r> . Vs e s .  Nauahno-Iss �ed.  Ins t .  

[ 5 6 4 - 0 2- 3 ]  P:r>i:r>odn . Gaz ov . 1 96 2 ,  1 7/25 , 
1 8 5- 1 9 6 . 

EXPERIMENTAL VALUES :  

T/K P/kgcm - s  P/Mpa K-va1ue 
( t/ C )  methane 2 , 2 , 3 -trimethyl -

pentane 

3 5 3 . 2  2 1 0  2 0 . 6  1 .  3 4  0 . 3 0 9  
( 8 0 ) 2 2 0  2 1 . 6  1 . 1 0 0 . 68 0  
3 7 3 . 2  2 0  1 .  9 6  1 2 . 2 3  0 . 1 8 0  
( 1 00 ) 4 0  3 . 9 2 6 . 6 2 0 . 09 1  

60 5 . 8 8 4 . 4 8  0 . 08 0  
1 0 0  9 . 8 1 2 . 8 6 0 . 09 3  
1 5 0  1 4 . 7  2 . 0 5 0 . 1 2 8  
1 8 0  1 7 . 7  1 .  69  0 . 1 8 4  
2 0 0  1 9 . 6  1 .  4 3  0 . 2 7 8  
2 1 0  2 0 . 6  1 .  2 5  0 . 4 2 9  
2 1 6  2 1 . 2  1 .  0 5  0 . 8 2 7  

39 3 . 2  4 0  3 . 9 2 6 .  7 1  0 . 1 3 1  
( 1 20 ) 6 0  5 . 8 8 4 . 5 2 0 . 1 0 2  

1 0 0  9 . 8 1 2 . 9 2 0 . 1 1 3  
1 5 0  1 4 . 7  2 . 0 4 0 . 1 4 3  
1 8 0  1 7 . 7  1 .  6 6  0 . 2 1 4  
2 0 0  1 9 . 6 1 .  3 5  0 . 3 7 0  
2 1 0  2 0 . 6  1 .  0 5  0 . 82 3  

4 2 3 . 2  20  1 .  9 6  1 2 . 53 0 . 3 1 6  
( 1 4 0 )  4 0  3 . 9 2 6 . 8 1 0 . 2 4 6  

6 0  5 . 8 8 4 . 6 0 0 . 1 3 4  
1 0 0  9 . 8 1 2 . 9 1 0 . 1 3 9  
1 5 0  1 4 . 7  2 . 9 9 0 . 1 8 2  
1 8 0  1 7 . 7  1 .  4 9  0 . 3 2 7  
1 9 0  1 8 . 6  1 .  27 0 . 5 1 6  
1 9 5  1 9 . 1  1 .  0 6  0 . 82 6  



Alkanes: Pressure Greater Than 0.2 M Pa 355 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

2 .  Nonane ; C 9 H2 o ; [ 111- 8 4 - 2 ]  

VARIABLES :  

Temperature ,  pressure 

EXPERIMENTAL VALUES : 

T/K P/atm P/MPa 

2 1 8 . 4 7 5 . 00 0 . 5 1 
217 . 4 3 10 . 00  l . Ol 
2 1 5 . 5 6 2 0 . 00 2 . 03 
2 13 . 8 6 3 0 . 0  3 . 0 4 
212 . 35 4 0 . 0  4 . 05 
2 0 9 . 8 5 6 0 . 0  6 . 08 
2 0 8 . 3 5  1 0 0 . 0  10 . 13 
2 2 3 . 15 1 0 . 00 1 . 0 1 3  

2 0 . 0 0  2 . 0 2 7  
3 0 . 0 0 3 . 04 0  
4 0 . 0 0 4 . 05 3  
5 0 . 0 0 5 . 0 6 6  
6 0 . 00 6 . 0 8 0  
7 0 . 0 0  7 . 0 9 3  
8 0 . 0 0  8 . 10 6  
9 0 . 00 9 . 11 9  

1 0 0 . 0 0 10 . 1 3 3  
2 4 8 . 15 1 0 . 0 0  1 . 0 1 3  

2 0 . 0 0  2 . 0 2 7  
30 . 0 0  3 . 04 0  
4 0 . 0 0  4 . 0 53 
5 0 . 00 5 . 0 6 6  
6 0 . 0 0 6 . 0 8 0  
7 0 . 00 7 . 0 9 3  
8 0 . 0 0  8 . 10 6  
9 0 . 0 0 9 . 11 9  

i n  

ORIGINAL MEASUREMENTS : 

Shipman , L . M . ; Kohn , J . P .  

J .  Chem . Engng . Data . 1 9 6 6 , 1 1 ,  
1 7 6 -1 8 0 .  

PREPARED BY : 

C . L .  Young 

Mole fraction of methane 
liquid , XCH4  in gas , YcH4 

0 . 04 6  
0 . 09 3  
0 . 18 1  
0 . 2 6 3  data along solid-
0 . 3 4 3  liquid-vapor line . 
0 . 4 7 0  
0 . 57 0  
0 . 0 9 8 9  0 . 9 9 9 9  
0 . 1 7 3 7  0 . 9 9 9 9  
0 . 2 4 1 8  0 . 9 9 9 9  
0 . 3 0 3 3  0 . 9 9 9 9  
0 . 3 5 8 2  0 . 9 9 9 9  
0 . 4 0 6 5  0 . 9 9 9 9  
0 . 4 4 8 2  0 . 9 9 9 9  
0 . 4 8 8 3  0 . 9 9 9 9  
0 . 5 1 1 8  0 . 9 9 9 9  
0 . 5 3 3 6  0 . 9 9 9 9  
0 . 0 6 7 8  0 . 9 9 9 9  
0 . 1 2 8 8  0 . 9 9 9 9  
0 . 1 8 5 6  0 . 9 9 9 9  
0 . 2 3 8 1  0 . 9 9 9 9  
0 . 2 8 6 3  0 . 9 9 9 9  
0 . 3 3 0 2  0 . 9 9 9 9  
0 . 3 6 9 8  0 . 9 9 9 9  
0 . 4 051 0 . 9 9 9 9  
0 . 4 3 6 1  0 . 9 9 9 9  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Borosilicate static equilibrium cel l .  1 .  
Temperature measured with platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Methane 
added to nonane and equi1ibriated . 
Temperature-pressure diagram constru� 2 .  
ted from bubble and dew points of 
mixtures of known composit ion . 
Smoothed data , as given above , 
reported in source . Details of 
apparatus in source and ref . ( 1 )  
and ( 2 ) . 

Phillips Petroleum Co . sample ,  
purified as in ref . ( l ) . Final 
purity better than 9 9 . 5  mole per 
cent . 

Phillips Petroleum Co . sample , 
purity better than 9 9  mole per 
cent. 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 0 0 7 ; 
oxCH4 ; oyCH 4 = ± 0 . 0 0 3 . 

REFERENCES : 

l .  Kohn , J . P . ; Am . Ins t . Chem . Engnrs . J . 
19 6 1 ,  7 ,  514 . 

2 .  Kohn , J . P . ;  Kurata , F .  Petro � .  
Proces s . 1 9 5 6 , 1 1 ,  57 . 



356 Alkanes: Pressure G reater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH� : [ 7 4-82-8 ]  Shipman , L .M . : Kahn , J . P .  

2 .  Nonane : C g H 2 o : : [ 111-84-2]  J .  Chern . Eng . Dat a .  1966, 1 1 , 
176-1 8 0 . 

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K P/atm P/MPa in liquid , xCH� in gas , yCH� 

24 8 . 15 100 . 0 0 1 0 . 133  0 . 4 6 2 9  0 . 9 9 9 9  
273 . 15 10 . 0 0 1 . 013  0 . 0540  0 . 9 9 9 9  

20 . 0 0 2 . 027 0 . 1 0 6 9  0 . 9 9 9 9  
3 0 . 0 0  3 . 04 0  0 . 1563  0 . 9 9 9 9  
4 0 . 00 4 . 053  0 . 2023 0 . 9 9 9 9  
50 . 0 0 5 . 06 6  0 . 24 4 8  0 . 9 9 9 9  
6 0 . 0 0 6 . 0 8 0  0 . 2838  0 . 9 9 9 9  
7 0 . 00 7 . 093  0 . 3 1 9 4  0 . 9 9 9 9  
8 0 . 0 0 8 . 10 6  0 . 3515  0 . 9 9 9 9  
9 0 . 0 0  9 . 11 9  0 . 3 8 0 1  0 . 9 9 9 9  

1 0 0 . 0 0 10 . 133  0 . 4 0 8 7  0 . 9 9 9 9  
120 . 0 0 1 2 . 1 5 9  0 . 4 6 3 9  0 . 9 9 9 9  
1 4 0 . 0 0 14 . 1 8 6  0 . 5 1 3 1  0 . 9 9 9 9  
1 6 0 . 0 0 1 6 . 21 2  0 . 5 5 3 8  0 . 9 9 9 9  
1 8 0 . 0 0  1 8 . 239  0 . 5922  0 . 9 9 9 9  
200 . 0 0 2 0 . 2 6 5  0 . 6234  0 . 9 9 9 9  
220 . 0 0 2 2 . 2 9 2  0 . 6512  0 . 9 9 9 0  
24 0 . 0 0 24 . 318 0 . 6 7 8 1  0 . 9 9 8 0  
260 . 0 0 2 6 . 3 4 5  0 . 7075  0 . 9 9 3 1  
280 . 0 0 2 8 . 3 7 1  0 . 7 4 3 4  0 . 9 7 8 8  
300 . 0 0 3 0 . 3 9 8  0 . 7908  0 . 9 5 7 2  
3 1 0 . 0 0 3 1 . 4 1 1  0 . 8200  0 . 9 4 1 0  
315 . 0 0 3 1 . 917 0 . 8 4 5 0  0 . 9 2 50 
3 1 8 . 00 32 . 221 0 . 8 8 5 0  0 . 8 8 50 

2 9 8 . 15 1 0 . 0 0 1 .  013  0 . 0509  0 . 9 9 9 9  
20 . 0 0 2 . 0 27  0 . 0 9 8 6  0 . 9 9 9 9  
3 0 . 00 3 . 0 4 0  0 . 14 2 6  0 . 9 9 9 9  
4 0 . 00  4 . 053 0 . 1 832  0 . 9 9 9 9  
50 . 0 0 5 . 0 6 6  0 . 2205  0 . 9 9 9 9  
6 0 . 00 6 . 0 8 0  0 . 2550  0 . 9 9 9 9  
7 0 . 0 0 7 . 093  0 . 2 8 7 0  0 . 9 9 9 9  
8 0 . 0 0  8 . 10 6  0 . 3 1 6 6  0 . 9 9 9 9  
9 0 . 0 0 9 . 119  0 . 3 4 4 2  0 . 9 9 9 9  

100 . 0 0 1 0 . 133  0 . 3 6 6 4  0 . 9 9 9 9  
120 . 0 0 1 2 . 1 59 0 . 4 1 6 0  0 . 9 9 9 9  
1 4 0 . 0 0 1 4 . 1 8 6  0 . 4 6 3 7  0 . 9 9 9 9  
160 . 0 0 1 6 .  212 0 . 5094  0 . 9 9 9 9  
1 8 0 . 0 0 1 8 . 239 0 . 5533 0 . 9 9 2 9  
2 0 0 . 0 0  2 0 . 2 6 5  0 . 5952  0 . 9 8 83 
22 0 . 0 0 . 22 . 292  0 . 6352  0 . 9 8 6 7  
240 . 00  24 . 318  0 . 6733  0 . 9 8 5 1  
2 6 0 . 0 0 2 6 . 34 5  0 . 7 0 9 4  0 . 9 80 3  
280 . 0 0 2 8 . 3 7 1  0 . 7 4 3 7  0 . 9 6 9 5  
300 . 0 0 3 0 . 39 8  0 . 7 7 6 0  0 . 9 4 9 5  
3 1 0 . 0 0  31 . 41 1  0 . 8 0 9 0  0 . 9 3 5 1  
315 . 0 0 3 1 . 9 17 0 . 8230  0 . 9 200  
319 . 0 0 3 2 . 3 2 3  0 . 8 8 0 0  0 . 8 8 0 0  

323 . 15 1 0 . 0 0 1 . 013  0 . 0 4 4 9  0 . 9 9 9 9  
2 0 . 0 0 2 . 027  0 . 0 8 6 0  0 . 9 9 9 9  
30 . 0 0 3 . 04 0  0 . 1251  0 . 9 9 9 9  
4 0 . 0 0 4 . 054 0 . 1622  0 . 9 9 9 9  
50 . 0 0 5 . 0 6 6  0 . 1 9 7 4  0 . 9 9 9 9  
6 0 . 00 6 . 0 8 0  0 . 2306  0 . 9 9 9 9  
7 0 . 00 7 . 093  0 . 2618  0 . 9 9 9 9  
80 . 00 8 . 106  0 . 2 9 1 1  0 . 9 9 9 9  
9 0 . 00 9 . 11 9  0 . 3184  0 . 9 9 9 9  

1 0 0 . 0 0 10 . 1 3 3  0 . 3 4 7 1  0 . 9 9 9 9  
12 0 . 0 0 12 . 159  0 . 3 9 9 4  0 . 9 9 9 9  
1 4 0 . 00 1 4 . 1 8 6  0 . 4 4 8 0  0 . 9 9 9 9  
1 6 0 . 0 0 16 . 212  0 . 4 9 3 5  0 . 9 9 7 0  
180 . 0 0 1 8 . 23 9  0 . 5 3 6 5  0 . 9 9 0 6  
2 0 0 . 0 0  2 0 . 2 6 5  o .  5 7 7 5  0 . 9 8 7 0  
22 0 . 0 0 22 . 29 2  0 . 6173  0 . 9 857  



Alkanes: Pressure Greater Than 0.2 M Pa 357 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2- 8 ]  Shipman , L . M . ; Kahn , J . P .  

2 .  Nonane ; C 9 H 2 o i [ 111-84 -2 ]  J .  Chern . Eng . Data . 1 9 6 6 , 1 1 , 
1 7 6 -18 0 . 

Mole fraction of methane 
T/K P/atm P/HPa in liquid , .xCH� in gas , YcH� 

323 . 15 2 4 0 . 00 2 4 . 3 1 8  0 . 6 5 62 0 . 9 8 3 7  
2 6 0 . 0 0 2 6 . 3 4 5  0 . 6 9 5 0  0 . 9 7 8 3  
2 8 0 . 0 0 2 8 . 3 7 1  0 . 7 3 4 3  0 . 96 6 2  
300 . 0 0 3 0 . 3 9 8  0 . 7 7 4 5  0 . 9 4 4 5  
3 1 0 . 0 0 31 . 4 1 1  0 . 8 0 0 3  0 . 9 2 9 2  
3 1 5 . 00 3 1 . 9 1 7  0 . 8 2 3 0  0 . 9 1 2 0  
3 1 8 . 0 0 3 2 . 2 2 1  0 . 8 7 2 0  0 .  8 7 2 0  

3 4 8 . 1 5 10 . 00 1 . 013  0 . 0 4 4 8  0 . 9 9 9 9  
2 0 . 0 0 2 . 0 2 7  0 . 0 8 2 6  0 . 9 9 9 9  
3 0 . 0 0 3 . 0 4 0  0 . 11 8 7  0 . 9 9 9 9  
4 0 . 00 4 . 0 5 3  0 . 1532  0 . 9 9 9 9  
5 0 . 0 0 5 . 0 6 6  0 . 18 6 1  0 . 9 9 9 9  
6 0 . 0 0 6 . 0 8 0  0 . 2174  0 . 9 9 9 9  
7 0 . 0 0 7 . 09 3  0 . 2 4 7 0  0 . 9 9 9 9  
8 0 . 0 0 8 . 10 6  0 . 2 7 5 0  0 . 9 9 9 9  
9 0 . 00 9 . 11 9  0 . 3 014 0 . 9 9 9 9  

1 0 0 . 0 0 10 . 1 3 3  o .  3 2 7 1  0 . 9 9 9 9  
1 2 0 . 00 12 . 15 9  0 . 3 7 7 5  0 . 9 9 9 9  
1 4 0 . 0 0 1 4 . 1 8 6  0 . 4 2 57 0 . 9 9 9 9  
1 6 0 . 0 0 1 6 . 212  0 . 4 7 2 0  0 . 99 6 0  
1 8 0 . 00 1 8 . 2 3 9  0 . 51 6 8  0 . 9 8 7 0  
2 0 0 . 00  2 0 . 2 6 5  0 . 5 6 0 5  0 . 9 83 0  
2 2 0 . 0 0 22 . 29 2  0 . 6 0 3 5  0 . 9 8 0 0  
2 4 0 . 0 0 2 4 . 3 1 8  0 . 6 4 6 3  0 . 97 5 2  
2 6 0 . 0 0 2 6 . 34 5  0 . 6 8 9 1  0 . 9 6 6 2  
2 8 0 . 0 0 2 8 . 3 7 1  0 . 7 3 2 4  0 . 9 5 0 2  
3 0 0 . 00  3 0 . 3 9 8  o .  7 7 6 5  0 . 9 2 7 0  
310 . 00 3 1 . 4 11 0 . 8 1 9 5  0 . 89 4 0  
313 . 00 3 1 . 7 15 0 . 8 6 0 0  0 . 8 6 0 0  

37 3 . 15 1 0 . 00 1 . 013  0 . 0 3 6 2  0 . 97 4 0  
2 0 . 0 0 2 . 0 2 7  o .  0715  0 . 9 82 4  
3 0 . 0 0  3 . 0 4 0  0 . 1 0 5 8  0 . 9 8 7 8  
4 0 . 0 0 4 . 05 3  0 . 13 9 2  0 . 99 0 8  
5 0 . 0 0 5 . 0 6 6  0 . 17 1 6  0 . 9 9 2 1  
6 0 . 0 0 6 . 0 8 0  0 . 2 0 3 0  0 . 9 9 2 1  
7 0 . 0 0 7 . 0 9 3  0 . 2 3 3 5  0 . 9 91 5  
8 0 . 0 0 8 . 10 6  0 . 2 6 3 0  0 . 9 9 0 9  
9 0 . 0 0 9 . 11 9  0 . 29 1 5  0 . 9 9 0 9  

1 0 0 . 0 0 10 . 1 3 3  0 . 3 1 9 0  0 . 9 9 2 1  
4 2 3 . 15 1 0 . 0 0  1 . 013  0 . 0 3 2 9  0 . 9 2 0 7  

2 0 . 0 0 2 . 02 7  0 . 07 0 2  0 . 9 3 6 0  
3 0 . 00 3 . 04 0  0 . 1 0 6 0  0 . 9 4 85 
4 0 . 0 0 4 . 05 3  0 . 14 0 2  0 . 9 5 8 4  
50 . 00 5 . 0 6 6  0 . 17 2 7  0 . 96 5 6  
6 0 . 0 0 6 . 0 8 0  0 . 2 0 3 7  0 . 9 7 0 1  
7 0 . 0 0 7 . 0 9 3  0 . 2 3 3 0  0 .  9 7 1 9  
8 0 . 00 8 . 10 6  0 . 2 6 0 8  0 .  9 7 1 0  
9 0 . 0 0  9 . 11 9  0 . 28 7 0  0 . 9 6 7 4  

1 0 0 . 0 0 1 0 . 133  0 .  3115  0 .  9 6 11 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 
2 .  Nonane ; C9 H2 o ; [ 1 1 1 - 84 - 2 ] 

VARIABLES : 
Temperature , pressure 

EXPERIMENTAL VALUES : 
P/kgcm

- 3 T/K 
< t; o c > 

3 1 3 . 2  1 0  
( 4 0 ) 2 0  

4 0  
6 0  

1 0 0  
1 5 0  
2 0 0  
2 5 0  
2 8 0  
3 0 0  
3 2 0  
3 29 

333 . 2  1 0  
( 6 0 )  2 0  

4 0  
6 0  

1 0 0  
1 5 0  
2 0 0  
2 5 0  
2 8 0  
3 0 0  
3 2 0  
3 2 6  

ORIGINAL MEASUREMENTS : 

Savvina , Ya . D .  
Tr . Vs e s .  Nauahno-Is s Z e d .  Ins t .  
Prirodn . Gazov . , 1 9 6 2 , 1 7/2 5 ,  
1 8 5 - 1 9 6 . 

--

P�PAt:D .fcY :  
• • oung 

P/Mpa 

0 . 9 8 
1 .  9 6  
3 . 9 2 
5 . 8 8 
9 . 8 1 

1 4 . 7  
1 9 . 6  
2 4 . 5  
27 . 5  
2 9 . 4  
3 1 . 4  
32 . 3  

0 . 98 
1 . 9 6 
3 . 9 2 
5 . 8 8 
9 . 8 1 

1 4 . 7  
1 9 . 6  
2 4 . 5  
2 7 . 5  
2 9 . 4  
3 1 . 4  
3 2 . 0  

K-va 1 ue 
methane nonane 

1 7 . 4 3 0 . 00 6  
9 . 69 0 . 00 2  
5 . 4 2 0 . 00 2  
3 . 82 0 . 00 3  
2 . 6 1 0 . 0 0 5  
2 . 0 0 0 . 00 9  
1 .  6 6  0 . 0 1 7  
1 .  4 2  0 . 0 2 9  
1 .  3 1  0 .  06 3 
1 .  25 0 . 0 9 9  
1 . 1 7 0 .  2 1 1 
l .  0 6  0 . 5 7 9  

1 9 . 0 3 0 . 0 1 0  
1 0 . 3 5 0 . 00 5  

5 . 6 5 0 . 0 0 4  
4 . 02 0 . 0 0 5  
2 . 7 3 0 . 00 7  
2 . 0 6 0 . 0 1 3  
1 .  6 9  0 . 02 4  
1 .  4 4  0 .  04 4 
1 .  33 0 . 07 9  
1 .  2 6  0 . 1 2 9  
1 . 1 8 0 . 20 8  
1 .  0 8  0 . 5 35 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURl TY OF MATERI ALS ; 

Values appear to be determined using No details given . 

apparatus described in ref .  ( 1 ) . 

ESTIMATED ERROR: 

REFERENCES ; 

1 .  Savvina , Ya . D . ; Velikovskii , A .  s .  
Tr . Vse s .  Nauahno-Is s Z ed .  Ins t .  

Prirodn . Gazov . ,  1 9 6 2 , 1 7/25,  1 6 3 .  
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COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Hethan e ;  CH4 ; [ 7 4 - 8 2 - 8 ] Savvina , Ya . D .  
2 .  Nonane ; C9 H2 0 ; [ 1 1 1 - 8 4 - 2 ] Tr . Vse s .  Nauahn o- Iss Zed.  Ins t .  

Prirodn . Gaz ov . , 1 9 6 2 ,  1 7/2 5 , 
1 8 5 - 1 9 6 . 

T/K P/kgcm- 3 P/Mpa K-va 1 ue 
( t/ ° C )  methane nonane 

3 5 3 . 2  2 0  1 .  9 6  1 0 . 9 1 0 . 00 7  
( 8 0 ) 4 0  3 . 9 2 5 . 9 1 0 . 0 0 6  

6 0  5 . 8 8 4 . 1 8 0 . 00 7  
1 0 0  9 . 8 1 2 . 8 3 0 . 00 9  
1 50 1 4 . 7  2 . 1 1  0 . 0 1 5  
2 0 0  1 9 . 6  2 . 7 1 0 . 0 2 9  
2 5 0  2 4 . 5  1 . 4 5  0 . 06 7  
2 8 0  2 7 . 5  1 . 3 3  0 . 1 0 9  
3 0 0  2 9 . 4  1 .  2 7  0 . 1 6 3  
3 2 2  3 1 . 6  1 .  0 9  0 . 5 3 5  

37 3 . 2  2 0  1 .  9 6  1 1 . 78 0 .  0 1 1 
( 1 0 0 )  4 0  3 . 9 2 6 . 2 6 0 . 0 1 0  

6 0  5 . 8 8 4 . 3 9 0 . 0 1 0  
1 0 0  9 . 8 1 2 . 93 0 . 0 1 3  
1 5 0  1 4 . 7  2 . 1 6  0 . 02 0  
2 0 0  1 9 . 6  1 .  7 4  0 . 03 8  
2 5 0  2 4 . 5  1 .  4 8  0 . 07 6  
2 8 0  2 7 . 5  1 .  3 2  0 . 1 3 5  
3 0 0  2 9 . 4  1 .  2 1  0 . 24 4  
3 1 0  � 3 0 . 4  1 . 1 4 0 . 3 8 5  
3 1 3  3 0 . 7  1 . 1 1  0 . 4 8 5  

39 3 . 2  2 0  1 .  9 6  1 2 . 3 1 0 . 0 1 6  
( 1 2 0 ) 4 0  3 . 9 2 6 . 5 4 0 . 0 1 4  

60  5 . 8 8 4 . 5 9 0 . 0 1 5  
1 0 0  � . 8 1 3 . 0 3 0 . 0 1 8  
1 5 0  1 4 . 7  2 . 1 5  0 . 02 6  
2 0 0  1 9 . 6  1 .  7 2  0 . 05 1  
2 5 0  2 4 . 5  1 .  4 6  0 . 0 9 2  
2 7 0  2 6 . 5  1 .  3 3  0 . 2 3 2  
2 8 0  2 7 . 5  1 .  2 7  0 . 2 3 2  
2 9 0  2 8 . 4  1 .  2 0  0 . 3 3 3  
2 9 7  2 9 . 1  1 . 1 0 0 . 5 6 3  

4 2 3 . 2  2 0  1 .  9 6  1 2 . 4 9 0 . 02 9  
( 1 5 0 )  4 0  3 . 92 6 . 8 9 0 . 02 6  

60  5 . 8 8 4 . 7 3 0 . 02 7  
1 0 0  9 . 8 1 2 . 9 2 0 . 03 0  
1 5 0  1 4 . 7  2 . 0 9 0 . 03 9  
2 0 0  1 9 . 6  1 .  6 7  0 . 0 8 0  
2 5 0  2 4 . 5  1 .  3 8  0 . 1 6 7  
2 7 0  2 6 . 5  1 . 2 8  0 . 3 3 9  
2 7 8  2 7 . 3  1 .  0 8  0 . 6 8 1  
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COMPONENTS : EVALUATOR : 

1 .  Methane ; CH � ; [ 74 - 8 2 - 8 ]  

2 .  Decane ; C 1 o H 2 2 1 [ 1 2 4 - 1 8 - 5 ]  

EVALUATION : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3 05 2 , 
Australia . 

March 1 9 8 2  

This system has been investigated by four groups . Reamer e t  a Z .  ( 1 )  
studied this system at temperatures between 311 K and 511 K ,  Beaudoin and 
Kohn ( 2 ) between 2 4 8  K and 4 2 3  K ,  Lin e t  a Z .  ( 3 )  between 4 2 3  K and 5 8 3  K 
and Koonce and Kobayashi ( 4 )  between 2 4 4  K and 2 7 8  K .  There appears to 
be fair agreement between all sets of data where they overlap , therefore 
all sets are classified as tentative . 

There is good agreement ( i . e . ,  within 3 % )  between the data of 
Reamer et a Z .  ( 1 )  and Lin et a Z .  ( 4 )  at 2 37 . 8  ° C . The agreement between 
the data of Beaudoin and Kohn ( 2 )  and Lin e t  a Z .  ( 3 ) at 1 5 0  °C is fair 
( i . e . , within 5 % ) , the mole fraction solubilities of Beaudoin and Kohn ( 2 )  

being slightly smaller . Although there i s  no directly comparable data 
from the measurements of Koonce and Kobayashi ( 4 )  and Beaudoin and Kohn 
( 2 )  since the isotherm temperatures are different , it appears that the 

results of Beaudoin and Kohn ( 2 )  are slightly low and extrapolation of 
the data of Koonce and Kobayashi ( 4 )  to higher temperatures would give 
values in good agreement with those of Reamer et a Z .  ( 1 ) . 

References 

1 .  Reamer , H .  H . ; Olds , R .  H . ; Sag e ,  B .  H . ;  Lacey , W .  N .  
Ind .  Eng . Chern . , 1 9 4 2 , 34 , 1 5 2 6 . 

2 .  Beaudoin , J .  M . ; Kohn , J .  P .  
J .  Chern.  Eng . Data , 1 9 6 7 , 1 2 ,  1 8 9 . 

3 .  Koonce , K .  T . ; Kobayashi , R .  
J.  Chern . Eng . Data , 1 9 6 4 , 9 , 4 9 0 .  

4 .  Lin , H . -M. ; Sebastian , H .  M . ; Simnick , J .  J . ; Chao , K . -c .  
J .  Chern . Eng . Data , 1 9 7 9 , 24 , 1 4 6 . 
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COMPONENTS : 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Reamer , H .  H . ; Olds , R .  H . ; 
Sage , B .  H . ; · Lacey , W .  N .  
Ind.  Eng . Chern.  

1 94 2 , 34 , 1 5 2 6 -15 31 . 

PREPARED BY : 

c .  L .  Young 

Wt-fraction of methane Mole fraction of methane 
in liquid , in gas , T/K P/MPa in liquid in gas 

3 1 0 . 92 0 . 14 0 . 0 0 0 8 0  
0 . 2 8 0 . 0 0 1 6 1  
0 . 4 1  0 . 0 0 2 4 1  
0 . 55 0 . 0 0 3 2 1  
0 . 6 9 0 . 0 0 4 01 
1 .  3 8  0 . 0 0 7 9 8  
2 . 76 0 . 0 1 5 8 7  
4 . 14 o .  0 2 3 7 2  
5 . 52 0 . 0 3 1 5 7  
6 . 8 9 0 . 0 3 9 6 3  
8 . 6 2 0 . 0 4 9 9 0  

10 . 3 4  0 . 0 6 0 5 4  
12 . 07  o .  0 7 1 8 0  
1 3 . 7 9 0 . 0 8 3 5 0  
1 5 . 51 0 . 0 9 5 7 0  
17 . 24 0 . 1 0 8 2  
1 8 . 9 6 0 . 1214  
2 0 . 6 8 0 . 13 6 0  
2 2 . 4 1 0 . 15 0 5  
2 4 . 13 0 . 1 6 5 2  
2 5 . 86 0 . 1 8 1 5  
2 7 . 5 8 0 . 1 9 8 4  
2 9 . 3 0 0 . 21 8 3  

0 . 9 6 6 3  
0 . 9 8 1 6  
0 . 9 8 6 8  
0 . 9 8 9 5  
0 . 9 9 1 0  
0 . 9 9 3 9  
0 . 9 9 5 0  
0 . 9 95 1  
0 . 9 9 4 8  
0 . 9 9 4 1  
0 . 9 9 2 5  
0 . 9 9 0 5  
0 . 9 8 7 5  
0 . 9 8 3 5  
0 . 9 7 7 5  
0 . 9 7 0 0  
0 . 9 6 1 5  
0 . 9 5 1 0  
0 . 9 3 8 0  
0 . 9 2 2 0  
0 . 9 0 0 8  
0 . 8 7 2 0  
0 . 8 3 8 8  

a:CH � YcH� 

0 . 0 0 7 0 5  0 . 9 9 6 1  
0 . 0 1 4 1 0  0 . 9 9 7 9  
0 . 0 2 0 9 8  0 . 9 9 8 5  
0 . 0 2 7 7 7  0 . 9 9 8 8  
0 . 0 3 4 4 8  0 . 9 9 9 0  
0 . 0 6 6 6 1  0 . 9 9 9 3  
0 . 12 5 15 0 . 9 9 9 4  
0 . 1 7 7 31 0 . 9 9 9 4  
0 . 2 2 4 3 2  0 . 9 9 9 4  
0 . 2 6 7 9 7  0 . 9 9 9 3  
0 . 31 7 8 3  0 . 9 9 9 1  
0 . 3 6 3 7 3  0 . 9 9 8 9  
0 . 4 06 9 5  0 . 9 9 8 5 8  
0 . 4 4 6 9 7  0 . 9 9 811 
0 . 4 84 2 1  0 . 9 9 7 4 1  
0 . 5 1 8 4  0 . 9 9 6 5 3  
0 . 5 5 0 7  0 . 9 9 5 5 1  
0 . 5 8 2 7  0 . 9 9 4 2 3  
0 . 6111  0 . 9 9 2 6 0  
0 . 6 37 1  0 . 9 9 0 5 5  
0 . 6 6 3 0  0 . 9 8 7 7 4  
0 . 6 8 7 1  0 . 9 8 3 7 2  
0 . 7124  0 . 9 7 8 8 0  

{cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 

known composition . Bubble point 

and dew point determined for various 

compositions . Pressure measured 

with pressure balance . Temperature 

measured using platinum resistance 

thermometer . Coexisting liquid and 

gas phase properties determined by 

graphical means . Details of 

apparatus in re f .  { 1 ) . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Crude sample , treated for removal 
of higher alkanes , carbon dioxide 
and water . Final purity 9 9 . 9 7 
mole per cent . 

2 .  Eastman Kodak Co . sample . Dis
tilled several time s , dried over 
sodium. 

n� o = 1 . 4 10 0 .  Mainly decane 
isomers . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 0 0 5 ;  

o {wt-fraction) = ± 0 . 0 0 3 . 

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w .  N .  
Trans . Am . Ins t . Mining and Me t .  

Engnrs .  

1 94 0 ,  1 J6 1 1 3 6 . 
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COMPONENTS : ORIGINAL HEASUREMENTS :  

1 .  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  Reamer , H .  H . ; Olds , R.  H . ; 
Sage , B .  H . ; Lacey , W .  N .  

2 .  Decane ; C 1 o H2 2 ; [ 1 2 4 - 1 8 -5 ]  Ind.  Eng . Chem . 

1 9 4 2 , 34 , 1 5 2 6-15 3 1 . 

EXPERUlENTAL VALUES : 

v7t-fraction of methane Hole fraction of methane 
T/K P/l-1Pa in liquid in gas in l iquid , in gas , 

xCH 4 YcH4 

310 . 92 31 . 03  0 . 24 0 8  0 . 7 9 7 0  0 . 7 3 7 8  0 . 9 7 2 0 9  
32 . 7 5  0 . 2 7 2 0  0 . 7 4 9 0  0 . 7 6 8 2  0 . 9 6 3 6  
3 4 . 4 7  0 . 3 1 9 5  0 . 6 8 8 0  0 . 8 0 6 4  0 . 9 5 1 3 7  
3 6 . 2 0 0 . 4 1 1 0  0 . 5 9 1 0  0 . 8 6 0 9  0 . 9 2 7 6 3  

3 4 4 . 2 6  0 . 14 0 . 0 0 0 7 0  0 . 8 4 1 4  0 . 0 0 6 1 8  0 . 9 792 
0 . 2 8 0 . 0 0 1 4 2  o .  9110  0 . 0124 6 0 . 9 8 91 
0 . 41 0 . 0 0 2 1 3  0 . 9 3 6 4  0 . 0 1 8 5 8  0 . 9 92 4  
0 . 5 5 0 . 0 0 2 8 5  0 . 94 9 6  0 . 02 4 73 0 . 9 9 4 1  
0 . 6 9 0 . 0 0 3 5 7  0 . 9 5 7 7  0 . 0 3 0 8 0  0 . 9 9 5 0  
1 .  3 8  o .  0 0 7 14 0 . 9 7 4 2  0 . 0 5 9 9 7  0 . 9 9 7 0  
2 . 76 0 . 0 1 4 2 9  0 . 9 8 2 3  0 . 1 1 3 9 5  0 . 9 9 8 0  
4 . 14 0 . 0 2 1 4 8  0 . 9 8 4 0  0 . 1 6 2 9 9  0 . 9 9 8 2  
5 . 52 0 . 0 2 8 7 5  0 . 9 8 4 0  0 . 2 0 7 9 8  0 . 9 9 8 2  
6 . 8 9 0 . 0 3 6 1 5  0 . 9 8 2 7  0 . 2 4 9 6 5  0 . 9 9 8 0  
8 . 62 0 . 0 4 5 7 4  0 . 9 8 0 0  0 . 2 9 8 3 5  0 . 9 9 7 7  

1 0 . 3 4  0 . 0 5 5 5 8  o .  9 7 7 0  0 . 3 4 3 0 0  0 . 9 97 4  
12 . 07 0 . 0 6 5 8 5  0 . 9 7 3 2  0 . 3 8 4 7 4  0 . 9 9 6 9  
13 . 7 9 0 . 0 7 6 4 7  0 . 9 6 8 2  0 . 4 2 3 4 8  0 . 9 9 6 3  
1 5 . 51 0 . 0 8 7 5 0  0 . 9 6 2 5  0 . 4 5 9 6 5  0 . 9 9 5 6  
17 . 2 4 0 . 0 9 9 2 6  0 . 9 5 3 3  0 . 4 9 4 3 3  0 . 9 9 4 5  
1 8 . 9 6 0 . 11 1 7  0 . 9 4 2 6  0 . 5 2 7 3  0 . 9 9 3 2  
2 0 . 6 8 0 . 1 2 5 2  0 . 9 2 9 5  0 . 5 5 9 4  0 . 9 91 5  
2 2 . 4 1 0 . 14 0 0  o .  9 1 1 5  0 . 5 9 0 9  0 . 9 8 9 2  
2 4 . 1 3 0 . 1555  0 . 8 9 0 0  0 . 6 2 0 3  0 . 9 8 6 3  
2 5 . 8 6 0 . 1 7 3 0  0 . 8 6 4 0  0 . 6 4 9 8  0 . 9 8 2 6  
2 7 . 5 8 0 . 19 3 0  0 . 8 3 3 0  0 . 6 7 9 6  o .  9 7 7 9  
2 9 . 30 0 . 2 1 6 9  0 . 7 9 7 0  o .  7 1 0 7  0 . 9 7 2 1  
3 1 . 0 3  0 . 2 4 6 9  0 . 7 5 5 0  0 . 74 4 1  0 . 9 6 4 7  
32 . 75 0 . 2 8 5 0  0 . 7 0 1 0  0 . 7 7 9 5  0 . 9 5 4 1  
3 4 . 4 7 0 . 34 5 5  0 . 6 2 4 0  0 . 8 3 4 0  0 . 9 3 6 4  

3 77 . 5 9 0 . 14 0 . 0 0 0 5 9  0 . 5 5 5 4  0 . 0 0 5 2 1  o .  9 1 7 2  
0 . 2 8 0 . 0 0 1 2 4  o .  7 1 5 1  0 . 0 1 0 8 9  0 . 9 5 7 0  
0 . 4 1 0 . 0 0 1 8 9  0 . 7 8 6 4  0 . 0 1 6 5 2  0 . 9 7 0 3  
0 . 5 5 0 . 0 0 2 5 3  0 . 8 2 6 7  0 . 0 2 2 01 0 . 9 7 6 9  
0 . 6 9 0 . 0 0 3 1 8  0 . 8 5 3 8  0 . 0 2 7 5 2  o .  9 8 1 1  
1 .  3 8  0 . 0 0 6 4 3  0 . 9 1 0 3  0 . 0 5 4 2 9  0 . 9 8 9 0  
2 . 7 6 0 . 0 1 2 9 9  0 . 9 4 2 1  0 . 1 04 5 4  0 . 9 93 1  
4 . 14 0 . 0 1 9 6 6  0 . 9 5 0 5  0 . 1 5 1 0 3  0 . 9 9 4 2  
5 . 5 2 0 . 0 2 6 5 1  0 . 9 5 3 6  0 . 1 9 4 5 7  0 . 9 9 4 5  
6 . 8 9 0 . 0 3 3 5 2  0 . 9 5 4 7  0 . 2 3 5 2 8  0 . 9 9 4 7  
8 . 62 0 . 0 4 2 5 1  0 . 9 5 3 0  0 . 2 8 2 5 6  0 . 9 9 4 5  

10 . 34 0 . 0 5 2 0 5  0 . 9 5 0 0  0 . 3 2 7 5 4  0 . 9 9 4 1  
12 . 07 0 . 0 6 2 1 0  0 . 9 4 32 0 . 3 7 0 0 2  0 . 9 9 3 3  
1 3 . 7 9 0 . 0 7 2 4 1  0 . 9 3 3 8  0 . 4 09 1 5  0 . 9 9 3 8  
1 5 . 51 0 . 0 8 3 2 0  0 . 9 2 3 0  0 . 4 4 6 0 0  0 . 9 9 0 7  
1 7 . 24 0 . 0 9 4 4 0  0 . 9 0 9 5  0 . 4 8 0 4 4  0 . 9 8 8 9  
1 8 . 9 6 0 . 1 0 6 5  0 . 8 9 3 5  0 . 5 1 3 9  0 . 9 8 6 7  
2 0 . 6 8 0 . 1 1 9 5  0 . 8 7 5 0  0 . 54 6 3  0 . 8 7 5 0  
2 2 . 4 1 0 . 1 3 4 5  0 . 8 5 3 0  0 . 5 7 9 6  0 . 9 8 0 9  
2 4 . 13 0 . 15 1 2  0 . 8 2 7 0  0 . 6 1 2 4  0 . 9 7 7 0  
2 5 . 8 6 0 . 1 6 9 5  0 . 7 9 4 1  0 . 6 4 4 2  o .  9 7 1 6  
2 7 . 5 8 0 . 1 9 2 0  0 . 7 6 0 5  0 . 6 7 8 2  0 . 9 6 5 7  
2 9 . 3 0 0 . 2 2 0 5  o .  7 1 8 2  0 .  7 1 5 0  0 . 9 5 7 6  
3 1 . 03  0 . 2 5 7 9  0 . 6 6 6 8  0 . 7 5 5 1  0 . 9 4 6 7  
32 . 7 5  0 . 3 1 9 5  0 . 5 9 0 0  0 . 8 0 6 4  0 . 9 2 7 4  

4 10 . 9 3 0 . 14 0 . 0 0 0 4 4  0 . 2 4 1 4  0 . 0 0 3 8 9  0 . 7 3 8 4  
0 . 2 8 0 . 0 0 1 0 4  0 . 4 2 0 2  0 . 0 0 9 1 5  0 . 8 6 5 4  
0 . 4 1  0 . 0 0 1 6 3  0 . 5 2 4 5  0 . 0 1 4 2 8

( 
0 ) 9 0 7 3  

cont . 



COHPONENTS : 

1 .  l-lethane ;  CH� ; 

2 .  Decane ; C 1 o H2 2 i  

EXPERIMENTAL VALUES : 

T/K P/MPa 

4 10 . 9 3 0 . 55 
0 . 6 9 
1 .  3 8  
2 . 7 6 
4 . 14 
5 . 52 
6 . 8 9 
8 . 62 

10 . 34 
12 . 0 7 
13 . 7 9 
1 5 . 51 
1 7 . 2 4  
1 8 . 9 6 
2 0 . 68 
2 2 . 4 1  
2 4 . 13 
2 5 . 8 6 
2 7 . 58 
2 9 . 3 0 
3 1 . 0 3  

4 4 4 . 2 6 0 . 14 
0 . 2 8  
0 . 41 
0 . 5 5 
0 . 6 9 
1 . 3 8 
2 . 7 6 
4 . 14 
5 . 52 
6 . 8 9 
8 . 62 

1 0 . 3 4 
12 . 07 
1 3 . 7 9 
15 . 51 
1 7 . 2 4 
1 8 . 96 
2 0 . 6 8  
2 2 . 4 1 
2 4 . 13 
2 5 . 8 6 
2 7 . 5 8 

4 7 7 . 5 9 0 . 2 8  
0 . 4 1 
0 . 55 
0 . 6 9 
1 .  3 8  
2 . 76 
4 . 14 
5 . 52 
6 . 8 9 
8 . 6 2 

1 0 . 34 
12 . 0 7 
13 . 7 9 
1 5 . 51 
1 7 . 2 4 
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[ 74 -8 2 - 8 ]  

[ 1 2 4 - 1 8-5 ]  

t·Tt-fraction 
in liquid 

0 . 0 0 2 2 3  
0 . 0 0 2 8 3  
0 . 0 0 5 8 5  
0 . 0 1 2 0 2  
0 . 0 1 8 3 9  
0 . 0 2 4 9 9  
0 . 0 3 1 8 0  
0 .  0 4 0 7 7  
0 . 0 5 0 1 8  
0 . 0 6 0 2 0  
0 . 0 7 0 6 6  
0 . 0 8 1 7 3  
0 . 0 9 3 5 5  
0 . 1 0 6 3  
0 . 1 2 0 1  
0 . 1 3 6 0  
0 . 1 5 3 6  
0 . 1 7 4 6  
0 . 2 01 5  
0 . 2 4 0 0  
0 . 3 1 2 0  
0 . 0 0 0 1 9  
0 . 0 0 0 7 6  
0 . 0 0 1 3 3  
0 . 0 0 1 9 1  
0 . 0 0 2 4 9 
0 . 0 0 5 4 1  
0 . 0 1 1 4 6  
0 . 0 1 7 7 3  
0 . 0 2 4 2 7  
0 . 0 3 1 0 5  
0 . 0 4 0 0 0  
0 . 0 4 9 5 7  
o .  0 5 9 7 7  
0 . 0 7 0 5 9  
0 . 0 8 2 4 1  
0 . 0 9 5 2 0  
0 . 1 0 9 8  
0 . 12 5 8  
0 . 14 4 9  
0 . 16 9 1  
0 . 1 9 5 5  
0 . 2 3 9 0  
0 . 0 0 0 2 6  
0 . 0 0 0 8 5  
0 . 0 0 1 4 5  
0 . 0 0 2 0 5  
0 . 0 0 5 15 
0 . 0 1 1 3 8  
0 . 0 1 7 8 8  
0 . 0 2 4 7 2  
0 . 0 3 1 8 3  
o .  0 4 1 1 7  
0 . 05113  
0 . 0 6 1 5 5  
0 . 0 7 3 2 0  
0 . 08 6 2 0  
0 . 1 0 0 7  

ORIGINAL HEASUREMENTS : 

Reamer , H .  H . ;  Olds , R .  H . ; 
Sage , B .  H . ; Lacey, '1'7 . N .  

Ind. Eng .  Chern . 

1 9 4 2 , 34 , 1526-15 3 1 .  

of methane .Hole fraction 
in gas in liquid , 

xCH� 

0 . 5 9 32 0 . 0 1 9 4 4  
0 . 6 4 2 9  0 . 0 2 4 5 6  
0 . 7 6 4 7  0 . 04 9 61 
0 . 8 4 5 4  0 . 0 9 7 4 1  
0 . 8 7 5 1  0 . 1 4 2 51 
0 . 8 8 9 3 0 . 1 8 5 2 5  
0 . 8 954  0 . 2 2 5 6 2  
0 . 8 9 8 0  0 . 2 7 3 8 0  
0 . 8 9 5 5  0 . 31911  
0 . 8 8 7 8  0 . 3 6 2 3 4  
0 .  8 7 7 2  0 . 4 0 2 8 0  
0 . 8 5 9 6  0 . 4 4 1 2 0  
0 . 8 3 8 4  0 . 4 7 7 9 5  
0 . 8 1 6 7  0 . 5134  
0 . 7 9 3 3  o .  5 4 7 7  
0 . 7 6 7 0  0 . 5 8 2 7  
0 . 7 3 4 2  0 . 6 1 6 8  
0 . 6 9 6 0  0 . 6 5 2 4  
0 . 6 5 1 0  0 . 6 912  
0 . 5 9 2 0  0 . 7 3 6 9  
0 . 4 9 0 0  0 . 8 0 0 9  
0 . 0 5 0 1  0 . 0 0 !. 6 8  
0 . 1 7 2 7  0 . 0 0 6 7 0  
0 . 2 6 2 5  0 . 0 1 1 6 8  
0 . 3 3 2 4  0 . 0 1 6 6 9  
0 . 3 8 7 8  0 . 0 2 1 6 6  
0 . 54 8 3  0 . 0 4 6 0 3  
0 . 6 8 6 8  0 . 0 9 3 2 5  
0 . 7 4 4 1  0 . 1 3 8 0 2  
0 . 7 6 9 3  0 . 1 8 0 7 7  
0 . 7 8 0 4  0 . 2 2 1 3 5  
0 . 7 8 6 1  0 . 2 6 9 8 7  
0 . 7 8 4 3  0 . 3 1 6 3 2  
0 . 7 7 5 1  0 . 3 6 0 5 8  
0 . 7 6 0 0  0 . 4 0 2 5 4  
0 . 7 4 1 6  0 . 4 4 3 4 3  
0 . 72 0 0  0 . 4 8 2 8  
0 . 6 9 8 8  0 . 5 2 2 5  
0 . 6 7 1 2  0 . 5 6 0 7  
0 . 6 3 8 9  0 . 6 0 0 5  
0 . 6 0 9 3  0 . 6 4 3 5  
0 . 5 4 0 5  0 . 6 8 3 1  
0 . 4 5 8 0  0 . 7 3 5 9  
0 . 0 2 9 5  0 . 0 0 2 3 0  
0 . 0 8 9 1  0 . 0 0 7 4 9  
0 . 1 3 9 9  0 . 0 1 2 7 2  
0 . 1 8 3 7  0 . 0 1 7 9 0  
0 . 3 3 3 3  0 . 0 4 3 9 1  
0 . 4 8 7 3  0 . 0 9 2 6 5  
0 . 56 0 9  0 . 1 3 9 0 4  
0 . 6 0 1 9  0 . 1 8 3 5 7  
0 . 6 2 15 0 . 2 2 5 7 9  
0 . 6 3 0 8  0 . 2 7 5 8 3  
0 . 6 3 4 0  0 . 3 2 3 4 2  
0 . 6 3 0 1  0 . 3 6 7 8 2  
0 . 6 1 8 9  o .  4 1 1 9 9  
0 . 6 0 0 0  0 . 4 55 5 8  
0 . 5 7 3 6  (cont . )  0 . 4 98 3 3  

o f  methane 
in gas , 

Yen� 

0 . 9 2 8 2  
0 . 94 11 
0 . 9 6 6 5  
0 . 9 7 9 8  
0 . 9 8 4 2  
0 . 9 8 6 2  
0 . 9 8 7 0  
0 . 9 8 7 4  
0 . 9 8 7 0  
0 . 9 8 6 0  
0 . 9 8 4 5  
0 . 9 8 1 9  
0 . 9 7 8 7  
0 . 9 7 5 3  
o .  9 7 1 5  
0 . 9 6 6 9  
0 . 9 6 0 8  
0 . 9 5 31 
0 . 9 4 3 0  
0 . 9 2 7 9  
0 . 8 9 5 0  
0 . 3 1 8 7  
0 . 6 4 9 3  
0 . 7 5 9 5  
0 . 8154  
0 . 8 4 8 9  
0 .  9 1 5 0  
0 . 9511 
0 . 9 6 2 7  
0 . 9 6 7 3  
0 . 9 6 9 3  
0 . 9 7 0 2  
0 . 9 6 9 9  
0 . 9 6 8 3  
0 . 9 6 5 6  
0 . 9 6 2 2  
0 . 9 5 8 0  
0 . 9 5 3 2  
o .  9 4 7 7  
0 . 9 4 0 1  
0 . 9 3 2 6  
0 . 9 1 2 5  
0 . 8 8 2 3  
0 . 2 1 2 4  
0 . 4 6 4 6  
0 . 5 9 0 7  
0 . 6 6 6 3  
0 . 8 1 6 0  
0 . 8 9 4 0  
0 . 9 1 8 9  
0 . 9 3 0 6  
0 . 9 3 5 8  
0 . 9 3 8 1  
0 . 9 3 8 9  
0 . 9 3 7 9  
0 . 9 3 5 1  
0 . 9 3 0 1  
0 . 9 2 2 7  

.. 



364 Alkanes: Pressure Greater Than 0.2 MPa 

COHPONENTS : ORIGINAL z.tEASUREHENTS : 

1 .  Hethane ; CH� ; [ 74-82-8 ] Reamer , H .  H . ; Olds , R .  H • ;  
Sage , B .  H • ; Lacey , H .  N .  

2 .  Decane ; C 1 o H2 2 1  [ 124 -1 8-5 ]  Ind .  Eng .  Chem . 

1 9 4 2 , 3 4 , 1526-1 5 31 . 

EXPERIHENTAL VALUES :  

Nt-fraction of methane Mole fraction of methane 
T/K P/HPa in liquid in gas in liquid , in gas , 

XCH4 YcH4 

4 7 7 . 59 18 . 9 6 0 . 11 8 0  0 . 5 4 4 0  o .  5 4 2 7 1  0 . 9137  
20 . 6 8 0 . 14 0 2  0 . 5122 0 . 5 9 125  0 . 9031  
22 . 4 1 0 . 1 71 1 0 . 4 6 4 0  0 . 6 4 6 7 8  0 . 8 8 4 8  
24 . 1 3 0 . 2 260  0 . 3 9 3 0  o .  7 2 1 4 7  0 . 8 5 1 7  

510 . 9 3 0 . 14 0 . 00052 0 . 024 6 0 . 0 0 4 5 9  0 . 1828  
0 . 2 8 0 . 0 0 1 1 8  0 . 0534  0 . 01037  0 . 3335  
0 . 4 1  0 . 00458  0 . 1 6 7 5  0 . 03922 0 . 6 4 0 9  
0 . 5 5 0 .  01152  0 . 3015 0 . 0 9 3 7 0  0 . 7929  
0 . 6 9 0 . 01 8 8 0  0 . 3 8 4 0  0 . 1 4 5 2 8  0 . 8 4 6 9  
1 .  38  0 . 0 2 6 3 0  0 . 4 3 0 0  0 . 1 9 3 2 9  0 . 8 7 0 0  
2 . 7 6 0 . 0 3 3 9 8  0 . 45 32 0 . 2 3 7 8 3  0 . 8803  
4 . 1 4 0 . 0 4 3 9 2  0 . 4 6 6 5  0 . 2 8 9 5 3  0 . 8 8 5 8  
5 . 5 2 0 . 0 5 4 3 0  0 . 4 7 0 0  0 . 3 3 7 4 6  0 . 8 8 7 2  
6 . 8 9 0 . 0 6 5 6 0  0 . 4 6 72  0 . 3 8 3 7 8  0 . 8 8 6 1  
8 . 6 2 0 . 0 7 7 8 0  0 . 4558  0 . 4 2 8 0 4  0 . 8 8 1 4  

10 . 3 4 0 . 0 9 3 0 0  0 . 4 3 2 8  0 . 4 7 6 3 3  0 . 8 713  
1 2 . 0 7 0 . 1 1 6 0  0 . 3 9 6 0  0 . 5 3 7 9 1  0 . 8533  
13 . 7 9 0 . 1530  0 . 3 4 0 0  0 . 61574  0 . 8205  



Alkanes:  Pressure Greater Tha n  0.2 MPa 365 

COMPONENTS : 

1 .  Methane ; CH� ;  [ 74 - 8 2 - 8 ] 

2 .  Decane ; C 1 o H2 2 ;  [ 12 4-1 8 -5 ]  

VARIABLES : 

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 

T/K 

2 7 7 . 5 9 

2 6 6 . 4 8  

2 5 5 . 3 7 

2 4 4 . 2 6 

1 7 . 34 
2 2 . 6 6 
2 8 . 2 7 
3 7 . 70 
5 2 . 19 
6 3 . 82 
1 5 . 6 6 
2 1 . 4 5  
34 . 4 3  
4 6 . 28 
6 6 . 8 7  
15 . 6 5 
2 2 . 02 
2 9 . 9 3 
4 1 . 6 9 
6 3 . 19 
16 . 00 
2 1 . 19 
31 . 88 
4 4 . 20 
6 9 . 0 0 

ORIGINAL MEASUREMENTS : 

Koonce , K .  T . ;  Kobayashi , R .  

J ,  Chern.  Eng . Data 

1 9 6 4 , 9 ,  4 9 0-4 9 4 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liqui d ,  

�CH� 

0 . 0 9 4 7  
0 . 1 2 3 4  
0 . 14 9 8  
0 . 1 9 2 3  
0 . 2 5 2 5  
0 . 2 9 0 1  
0 . 0 9 2 0  
0 . 12 4 6  
0 . 1 9 2 8  
0 . 2 4 3 3  
0 . 3185  
0 . 0 9 8 2  
0 . 1 3 5 6  
0 . 17 8 3  
0 . 2 4 0 2  
0 . 3 2 4 8  
0 . 1 1 0 3  
0 . 14 5 3  
0 . 2 0 6 1  
0 . 26 4 0  
0 . 3 6 4 1  

AUXI L IARY INFORNATION 

METHOD /APPARATUS /PROCEDURE : 

Non-magnetic stainless steel 

equilibrium vessel , contents stirred 

with magnetically operated ball 

bearing . Pressure measured using 

dead weight piston gauge . Decane 

metered into a known amount of 

methane in cell . Pressure 

measured after equilibrium estab-

lished .  Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Dried , purity 9 9 . 7 mole per cent , 

0 . 2  mole per cent nitrogen . 

2 .  Phi llips Petroleum sample , 

purity 9 9 . 35 mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 05 6 ; oP = ± 0 , 1-0 . 15 % ;  

o�CH � = ± 2 %  ( e stimated by compiler) , 

REFERENCES : 



366 Alkanes: Pressure Greater Tha n  0.2 M Pa 

COMPONENTS : 

1 .  Hethane; CH � ; [ 7 4- 8 2- 8 ]  

2 .  Decane ; C 1 o H 2 2 ;  [ 12 4- 18- 5 ]  

VARIABLES :  

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 

T/K 

4 2 3 . 15 

3 7 3 . 15 

34 8 . 1 5 

P/MPa 

1 . 01 
2 . 0 3 
3 . 0 4 
4 . 05 
5 . 07 
6 . 0 8 
7 . 09 

1 . 01 
2 . 03 
3 . 04 
4 . 05 
5 . 07 
6 . 0 8 
7 . 0 9 
8 . 11 
9 . 12 

1 0 . 13 

1 .  01 
2 . 0 3 
3 . 04 
4 . 05 
5 . 07 
6 . 0 8 
7 . 0 9 

ORIGINAL MEASUREMENTS : 

Beaudoi n ,  J . M ;  Kohn , J . P .  

J .  Che rn .  Engng . Data ,  1 9 6 7 ,  1 2, 
1 8 9-1 9 1  

PREPARED BY : 

C . L . Young 

Hole fraction o f  methane 
in l iquid, in vapor , 

.xCH�  YcH� 

0 . 0 3 24 0 . 9 2 6  
0 . 0 6 6 4  0 . 9 6 4  
0 . 0 9 9 0  0 . 9 7 3  
0 . 1311 0 . 9 7 8  
0 . 16 3 1  0 . 9 8 0  
0 . 1 9 3 5  0 . 9 8 2  
0 . 2214  0 . 9 8 3  

0 . 0 3 7 2  0 . 9 8 8  
0 . 0 7 3 5  0 . 9 9 4  
0 . 1 0 8 0  0 . 9 9 6  
0 . 1 4 1 7  0 . 9 9 6  
0 . 1 7 3 0  0 . 9 9 7  
0 . 2 0 2 2  0 . 9 9 6  
0 . 2 2 9 8  0 . 99 6  
0 . 2 5 4 2  0 . 9 9 6  
0 . 2 7 6 6  0 . 9 9 6  
0 . 2 9 8 9  0 . 9 9 6  

0 . 0412  0 . 9 9 8  
0 . 0 7 8 9  0 . 99 8  
0 . 11 5 5  0 . 9 9 8  
0 . 1 4 9 8  0 . 9 9 8  
0 . 1 8 2 9  0 . 9 9 8  
0 . 2153 0 . 9 9 8  
0 . 24 3 0  0 . 9 9 8  

AUXI LIARY INFORMATION 

METHOD 'APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERI ALS : 

Borosilicate glass cell . Temperature 1 .  
measured with platinum resistance 
thermometer . Pressure measured �n 
Bourdon gauge . Details in ref . ( 2 ) . 
Samples of methane added to decane , 2 .  
equilibrated , vapor phase composition 
calculated assuming ideal gas behav
iour l iquid phase composition estim
ated from known overall composition 
and volumes of both phases . 

Phillips Petroleum Co . sample , 
purified as in ref . ( 1 )  . ;  final 
purity 9 9 . 5  mole per cent . 

Phillips Petroleum C o .  sample 
purity 9 9  mole per cent.  

ESTIMATED ERROR: 

o T/K = ± 0 . 07 ;  o P/VPa = ± 0 . 01 ;  

o.xCH � ' o yCH� = ± 0 . 0014 . 

REFERENCES : 

1 .  Kohn , J . P . ; 
J .  Am. Ins t .  Chern . Engrs . J .  
1 9 61, ?, 514 . 

2 .  Kohn , J . P .  Kurata , F . ; 
Pe tro l. Proce s s . ,  1 9 5 6 ,  1 1 ,  57 . 



Alkanes: Pressure Greater Than 0.2 M Pa 367 

COHPONENTS : ORIGINAL MEASURE�1ENTS : 

1 .  He thane ; CH � ; [ 74 - 8 2- 8 ]  Beaudoin , J . H . ; Kahn , J . P .  

2 .  Decane ; C 1 0 H2 2 i  [ 12 4-1 8-5 ]  J .  Chern . Engng . Data, 1 9 6 7 ,  1 2 ,  
1 8 9-1 9 1  

EXPERIHENTAL VALUES :  
Hole fraction of methane 

T/K P/MPa in liquid in vapor 
XCH � YcH� 

3 4 8 . 15 8 . 11 0 . 26 7 9  0 . 9 9 8  
9 . 12 0 . 2 9 2 0  0 . 99 8  

10 . 13 0 . 3 1 5 2  0 . 9 9 8  

3 2 3 . 15 1 . 01 0 . 0 4 5 0  -

2 . 03 0 . 0 8 6 7  -
3 . 04 0 . 1 2 5 9  -
4 . 0 5 0 . 1 6 2 2  -

5 . 07 0 . 19 6 8  -
6 . 0 8 0 . 2 2 9 1  -
7 . 0 9 0 . 2 5 6 9  -
8 . 11 0 . 2 8 2 2  -
9 . 12 0 . 3 0 8 2  -

1 0 . 13 0 . 3 3 4 4  -

2 9 8 . 15 1 .  0 1  0 . 0 4 8 6  -
2 . 03 0 . 0 9 5 1  -
3 . 0 4 0 . 13 7 9  -
4 . 05 0 . 17 6 7  -
5 . 07 0 . 21 2 0  -
6 . 0 8 0 . 2 4 4 3  -
7 . 09 0 . 27 4 8  -
8 . 11 0 . 3 0 4 0  -
9 . 12 0 . 3 3 3 0  -

1 0 . 13 0 . 3 6 1 0  -

2 7 3 . 15 1 .  01  0 . 0 5 6 0  -
2 . 0 3 0 . 1 0 8 6  -
3 . 04 0 . 1553  -

4 . 05 0 . 19 9 1  -
5 . 07 0 . 2 3 8 8  -

6 . 0 8 0 . 27 6 3  -
7 . 09 0 . 3 1 2 0  -
8 . 11 0 . 34 4 3  -
9 . 12 0 . 3 7 4 1  -

1 0 . 13  0 . 4 0 4 0  -

2 4 8 . 15 1 . 01 0 . 0 7 0 2  -
2 . 03 0 . 1 3 3 0  -

3 . 0 4 0 . 1 9 0 1  -
4 . 0 5 0 . 2 4 0 8  -
5 . 07 0 . 2 8 5 0  -
6 . 0 8 0 . 3 2 5 6  -

7 . 09 0 . 3 6 3 5  -

8 . 11 0 . 4 0 0 0  -

9 . 12 0 . 4 3 5 0  -
10 . 1 3 0 . 4 7 0 8  -

M-M 



368 Alkanes : Pressure Greater Than 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH 4 ; [74 -82 -8 ]  

2 .  Decane ; C1 0H2 2 ; [ 124-18-5 ] 

VARIABLES : 

Temperature ,  pressure 

EXPERIMENTAL VALUES : 

T/K p/atm.  

4 2 3 . 2  3 0  
4 0  
5 0  
6 0  
70  

5 11 . 0  2 7 . 2  
54 . 4  
85 . 1  

11 9 . 1  
153 . 1  
1 70 . 1  
1 8 4 . 4  

542 . 8  3 0 . 10 
50 . 3 1 

100 . 0 5 
125 . 0 2 
14 9 . 4 5  

p/MPa 

3 . 0 4 
4 . 05 
5 . 07 
6 . 0 8 
7 . 0 9 

2 . 7 6 
5 . 5 1 
8 . 62 

12 . 07 
15 . 51 
17 . 2 4 
18 . 68 

3 . 05 0  
5 . 0 98  

10 . 13 8  
12 . 6 6 8  
15 . 14 3  

ORIGINAL MEASUREMENTS : 

Lin , H-M . ; Sebastian , H . M . ; 
Simnick , J . J . ; Chao , K-C .  

J . Chern . Engng. Da ta , 1979 , 2 4 1  
146-9 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid,  in gas ,  

xcH 4 YcH4 

0 . 1075 0 . 9 7 3 8  
0 . 1375 0 . 9 7 8 0  
0 . 1722  0 . 9 8 0 1  
0 . 2035  0 . 9 8 1 1  
0 . 2309  0 . 9 8 1 9  

0 . 0 9 14 0 . 8 0 2 9  
0 . 1866  0 . 8 7 2 5  
0 . 2 8 5 3  0 . 8 9 12 
0 . 3 8 5 5  0 . 8 9 11 
0 . 4 840  0 . 8 7 3 7  
0 . 54 3 0  0 . 8 5 6 3  
0 . 59 4 6  0 . 8 318 

0 . 0 9 4 6  0 . 6 7 9 5  
0 . 1706 0 . 7 6 3 8  
0 . 35 0 8  0 . 8 0 5 1  
0 . 4 4 4 0  0 . 79 0 1  
0 . 6 682 0 .  7 116 

AUXI LIARY INFO RMATION 

METHOD /APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually pass ing 
into a mixing tube and then into a 
cell in which phases separated under 
gravity . Liquid sample removed from 
bottom of cel l  and vapor sample from 
top of cell . compo sition determined 
by gas chromatography . Details in 
source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson sample with purity better 
than 99 mo le per cent . 

2 .  Aldrich Chemical Co . sample 
purity better than 99 mole per 
cent.  

EST IMATED ERROR: 

oT/K = ± 0 . 2 ;  op/MPa � ± 0 . 03 ;  

oxcH4 ' oycH4 
= ± 2 % . 

REFERENCES : 

1 .  Simnick , J . J . ; Lawson , C . C . ; 
Lin , H-M. ; Chao , K-C. ; Am. Ins t .  
Chern . Engn:rs . J . , 1977, 2 3 ,  4 6 9 .  



Alkanes: Pressure Greater Than 0.2 M Pa 369 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2- 8 ]  Lin , H . -M . ; Sebastian , H .  M . ; 
Simnick, J • . J . ; Chao , K . -c .  

2 .  Decane ; C 1 o H z z 1  [ 1 2 4- 1 8- 5 ]  
J .  Chem. Engng . Data 
1 9 7 9 , :1 4 1 1 4 6 -9 . 

l-l.ole fraction of methane 
T/K p/atm . r/MPa in 1J.quid , in gas , 

xCH 4 Y cH 4 

5 63 . 3  2 9 . 9 7 3 . 0 37 o .  0 9 11 0 . 5 5 2 8  
5 0 . 04 5 . 07 0  0 . 17 4 4  0 . 6 6 9 0 
74 . 8 8 7 . 5 87 0 . 27 4 4  0 . 7 11 8  
9 9 . 6 5 10 . 0 9 7  0 . 3 8 17 0 . 7 0 5 5  

1 0 9 . 9 9 11 . 145  0 . 4 3 9 9  0 . 6 8 3 5  
1 1 4 . 6 2 1 1 . 614  0 . 4 6 5 2  0 . 6 6 0 4  

5 8 3 . 1  3 0 . 24 3 . 0 6 4  0 . 0 8 5 7  0 . 4 13 3  
5 0 . 05 5 . 0 7 1  0 . 17 9 4  0 . 5 4 7 6  
70 . 2 5 7 . 118 0 . 2 8 3 4  0 . 5 7 4 9  
7 9 . 7 8 8 . 08 4  0 . 34 81 0 . 5 6 4 6  
85 . 2 3 8 . 6 3 6  0_. 4 0 32 0 . 5177  



370 Alkanes: Pressure Greater Than 0.2 MPa 

COHPONENTS : EVALUATOR : 

Colin L .  Young 1 .  Methane ; CH4 ; [ 7 4-82-8 ] 
2 .  Alkane s ( c1 6-c32 J Department of Physical Chemistry , 

University of Melbourne . 
Parkvi l l e ,  Victoria ,  3052  
Australia . 
February 1 986 . 

CRITI CAL EVALUATION : 

Hexadecane ; c1 6H34 ; [ 5 44- 76-3 ] 

There is surprising l ittle experimental data for the systems methane 
+ higher a lkanes at el evated pressures . For the system methane + 
hexadecane the data of Sul tanov et al . ( 1 )  are substantia l ly  in agreement 
with the data of Lin et al . ( 2 )  for the liquid phase compositions in the 
overlapping range of temperature but there are significant di screpancies 
between the vapor phase compositions . The vapor compositions for the 
Lin et al data are probably more precise in the lower pressure region and 
are also probably more accurate . The data of Glaser et al . ( 3 )  cover a 
different temperature range and detai led comparison between the data and 
those of ref . ( 1 )  and ( 2 )  is impossible .  Glaser et al . data which is 
classified as tentative can be used to derive pressure-compos ition 
sections as given in the table  below. 

T/K 

0 . 9 77  
0 . 9 4 2  
0 . 9 5 2  

2 9 0 . 0  

0 . 9 27  70 . 346  
0 . 8 87  
0 . 824  59 . 0 82  
0 . 703 
0 . 600 
0 . 4 9 7  
0 . 3 42  
0 . 2 95  6 . 4 78 
0 . 1 84 
0 . 8 89  

30 0 . 0  

6 3 . 075  
66 . 7 1 4  
6 7 . 859  
6 7 . 848  
6 6 . 9 99  
57 . 4 8 5  
36 . 769  
23 . 3 1 0  
1 6 . 026  
8 . 548  
6 . 8 56  
4 . 1 4 1  
2 . 1 5 1  

3 1 0 . 0  

6 1 . 0 8 7  
64 . 566  
65 . 6 80  
65 . 70 9  
6 4 . 960  
56 . 267  
36 . 6 1 9  
2 3 . 608  
1 6 . 4 9 7  
8 . 863 
7 . 130  
4 . 3 13  
2 . 2 4 5  

Eicosane ; c2 0H4 2 ; [ 1 1 2 -95-8 ] 

3 20 . 0  

p/MPa 
59 . 352 
62 . 70 2  
6 3 . 803 
63 . 8 4 9  
6 3 . 204 
55 . 0 8 1  
36 . 5 1 5  
24 . 0 29  
1 6 . 6 9 1  
9 . 1 8 3  
7 . 4 06  
4 . 4 90 
2 . 335 

330 . 0  34 0 . 0  350 . 0  360 . 0  

5 7 . 727  56 . 2 1 1  5 4 . 804  
6 1 . 05 1  59 . 4 9 1  58 . 033 56 . 6 8 5  
6 2 . 1 0 4  60 . 556  5 9 . 1 0 4  5 7 . 7 5 9  
62 . 208  60 . 6 8 1  59 . 3 1 3  
6 1 . 659  60 . 24 1  58 . 939  
54 . 1 1 1  5 3 . 275  52 . 374  5 1 . 6 04  
3 6 . 4 4 8  36 . 372  36 . 3 1 0  36 . 1 9 8  
24 . 3 78  24 . 593  24 . 839  25 . 060  
1 7 . 3 44 1 7 . 707  
9 . 470  9 . 736  9 . 9 88  
7 . 6 5 0  7 . 8 8 8  8 . 0 7 1  
4 . 6 32  4 . 7 70  4 . 9 05  
2 . 4 1 8  2 . 5 00  2 . 568  

The system eicosane + methane has been investigated by Puri and Kahn ( 4 ) .  
The data when extrapol ated to 1 atmosphere pressure gives a solubi lity 
which is about 1 5  per cent l ower than that which woul d be expected from 
the data of Chappelow and Prausnitz ( 5 )  and therefore should be regarded 
with caution. 

Dotriacontane ; c 32H66 ; [ 5 44-85-4 ] 

The system methane + dotriacontane has been studied by Cordeiro et a l . ( 6 )  
The solubi lity extrapo lated to 1 atmosphere pressure is about 5 per cent 
sma l l er than might be expected from extrapolation from the data of Lin anc 
Parcher ( 7 )  on other simi lar a lkanes . Within the combined uncertainty of 
the two extrapolations this agreement is satisfactory and the data 
classified as tentative . 

References .  
1 .  Lin , H . -M. ; Sebastian , H .  M . ; Chao , K . -c .  

J ,  Ch e rn .  En g ,  Da t a , 1 9 8 0 ,  2 5 •  2 5 2-257 . 
2 .  Sul tanov , R .  G . ; Skripka , V. G . ; Namoit , A. Yu . 

Gd Z O V .  D e l o ,  1 9 7 2 ,  l O t  4 3 .  
3 .  Glaser , M . ; Peters , c .  J . ; Van der Kooi , H .  J . ; Lichtenthaler ,  R .  N . ; 

J ,  Ch e rn .  Th e rm o d y n . , 1 9 8 5 , 1 7 •  803 . 
4 .  Puri , S . ; Kahn , J .  P . ; 

J .  C h e rn , En g .  Da t a , 1 9 7 0 ,  1 5 • 3 7 2 .  
5 .  Chappel ow ,  c .  C . ; Prausnitz , J .  M. ; 

Am . I n s t ,  C h e rn . E n g n r s , J . , 1 9 7 4 , 2 0 •  1 0 9 7 .  
6 .  Cordeiro , D .  J . ; Luks , K .  D . ; Kahn , J .  P . ; 

I n d .  En g ,  Ch e rn . P ro c e s s , D e s . D e v e l op . 1 9 7 3 ,  1 2 • 47 . 
7 .  Lin , P .  J . ; Parcher , J .  F . ; 

J .  C h r o ma t o a . S c i  1 9 82 , ? !l t 33 . 



Alkanes: Pressure Greater Tha n  0.2 M Pa 371 

COMPONENTS : 

1 .  Hethane : CH,. :  [ 74 -8 2 - 8 ] 

2 .  Hexadecane : C 1 6 H 3 ,. :  [ 5 4 4- 7 6 - 3 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

3 7 3 . 15 

4 2 3 . 15 

4 7 3 . 15 

Hole fraction 
of methane 

P/HPa in liquid, in gas , 

4 . 9  
9 . 8  

1 9 . 6  
2 9 . 4  
3 9 . 2  
4 9 . 0  
5 3 . 9  
5 6 . 4  

4 . 9  
9 . 8  

1 9 . 6  
2 9 . 4  
3 9 . 2  
4 9 . 0  
5 1 . 6  
5 2 . 4  

4 . 9  
9 . 8  

1 9 . 6  

xCH YcH � 4 

0 . 18 1  -
0 . 32 1  -

0 . 5 0 8  -
0 . 6 3 7  -
0 . 7 3 3  0 . 9 9 9 0  
0 . 8 1 2 5  0 . 9 9 5 0  
0 . 8 5 7 5  0 . 9 8 35 
0 . 8 9 8 0  0 . 9 7 7 0  
0 . 1 7 5 0  0 . 9 9 9 2  
0 . 3 0 7 5  0 . 9 9 8 0  
0 . 4 9 4 0  0 . 9 9 7 5  
0 . 6 2 50 0 . 9 9 2 0  
0 . 7 36 0  0 . 9 86 5  
0 . 85 6 0  0 . 9 7 0 0  
0 . 8 9 5 0  0 . 94 5 0  
0 . 9 2 7 5  0 . 9 2 7 5  
0 . 1 7 6 0 0 . 9 9 6 0  
0 . 3210  0 . 9 9 6 0  
0 . 5 0 0 0  0 . 9 9 3 0  

O RIGINAL MEASUREMENTS : 

Sultanov, R .  G . : Skripka , v .  G . :  

Namiot,  A .  Yu . 
Gazov . De Z o . 1 9 7 2 , 1 0 ,  4 3-6 . 

PREPARED BY : 

T/K 

4 7 3 . 15 

5 2 3 . 15 

5 7 3 . 15 

6 2 3 . 15 

C .  L .  Young 

Hole fraction 
of methane 

P/HPa in l iquid,  in gas , 

2 9 . 4  
3 9 . 2  
4 4 . 1  
45 . 1  

4 . 9  
9 . 8  

1 9 . 6  
2 9 . 4  
3 6 . 8  
3 8 . 2  

4 . 9  
9 . 8  

1 9 . 6  
2 9 . 4  
30 . 4  

4 . 9  
9 . 8  

1 9 . 6  
2 1 . 2  

xCH YcH 
4 � 

0 . 6 3 7 0  
0 . 7 7 0 0  
0 . 86 0 0  
0 . 9 0 2 0  
0 . 1 8 4 0  
0 . 31 8 0  
0 . 5 2 4 0  
0 . 6 8 0 0  
0 . 8 0 7 0  
0 . 8 6 2 0  
0 . 1 8 8 0  
0 . 32 5 0  
0 . 0 5 5 5 (+)  
0 . 7 5 5 0  
0 . 8 2 0 0  
0 . 2 0 3 0  
0 . 36 4 0  
0 . 6 6 4 0  
0 . 7 8 2 5  

0 . 9 8 6 0  
0 .  9 7 2 5  
0 . 9 3 6 0  
0 . 9 0 2 0  
0 . 8 4 0 0  
0 . 8 8 8 0  
0 . 8 810  
0 . 9 5 4 0  
0 . 9 1 6 0  
0 . 86 2 0  
0 . 9 5 3 0  
0 . 96 2 0  
0 . 9 55 0  
0 . 8 8 2 0  
0 . 8 2 0 0  
0 . 9 8 9 0  
0 .  8 9 0'0 
0 . 9 8 6 2  
0 . 7 8 2 5  

+ This composition i s  obviously a typographical error . 

AUXILIARY INFORHATION 

METHOD .'APPARATUS /PROCEDURE : 

Static equi librium cell fitted 

with magnetic stirrer , details in 

ref .  ( 1 ) . Samples of coexisting 

phases analysed by freez ing out 

hexadecane and estimating methane 

volumetrically . 

SOURCE AND PURI TY OF MATERIALS ; 

1 .  Purity 9 9 . 9  mole per cent . 

2 .  "Pure sample " ,  boiling point 

2 8 6 . 3- 2 8 7 . 3  ° C .  

ESTIMATED ERROR: 

oT/K = ± 0 . 3 : oP/HPa = ± 0 . 1 :  

oxCH�
' oyCH4 

= ± 0 . 0 0 2  ( e stimated by 

compiler ) .  
REFERENCES : 

1 .  Sultanov , R .  G . :  Skripka , V .  G . : 

Namiot , A .  Yu . 

Gazov . Prom . 1 9 7 1 , 1 6 ( 4 ) , 6 .  



372 Alkanes:  Pressure Greater Tha n  0.2 MPa 

COMPONENTS : ORIGI NAL MEASUREMENTS : 

1 .  Methane ; CH 4 ; [ 7 4 - 8 2- 8 ]  

2 .  Hexadecane ; C 1 s H s 4 ; [ 54 4- 7 6 - 3 ]  

Lin , H . -M . ; Sebastian , H . H . ; Chao , 
K . -c .  

J .  Chern.  Engng . Data . 1 9 8 0 , 2 5 ,  
2 5 2 - 2 5 7 . 

VARIABLES :  PREPARED BY : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

4 6 2 . 4 5 

5 4 2 . 6 5 

6 2 3 . 15 

70 3 . 55 

P/atm 

2 0 . 02 
3 0 . 71 
4 9 . 8  

1 0 0 . 0  
1 4 9 . 9  
2 0 0 . 9  
2 4 9 . 3  

2 0 . 5 0 
3 0 . 2 3 
5 0 . 0  
9 9 . 5  

14 9 . 9  
20 0 . 6  
2 2 2 . 5  

2 0 . 7 1 
31 . 3 9 
50 . 0  
9 9 . 7  

1 50 . 3  
1 7 6 . 1  
2 01 . 3  

2 0 . 8 7 
30 . 77 
4 9 . 8  

P/MPa 

2 . 0 2 9  
3 . 11 2  
5 . 04 6  

1 0 . 13 
1 5 . 1 9 
20 . 3 6 
2 5 . 26 

2 . 0 7 7  
3 . 0 6 3  
5 . 07 

10 . 0 8 
1 5 . 19 
20 . 3 3 
2 2 . 54 

2 . 0 9 8  
3 . 1 81 
5 . 07 

1 0 . 10 
1 5 . 2 3  
1 7 . 8 4 
2 0 . 4 0  

2 . 115 
3 . 11 8  
5 . 0 4 6  

C . L .  Young 

Mole fraction 
in liquid , in vapor ,  

xCH, YcH, 

0 . 0 8 0 1  0 . 9 9 5 4 4  
0 . 1 1 8 7  0 . 9 9 6 5 8  
0 . 1 8 2 4  0 . 9 9 7 2 2  
0 . 3 2 0 7  0 . 9 9 7 1 8  
0 . 4 3 2 6  0 . 9 9 6 3 6  
0 . 5 1 9 3  0 . 9 9 4 6 7  
0 . 5 9 5 8  0 . 9 9 2 0 6  
0 . 0 8 3 1  0 . 9 5 8 0  
0 . 1 2 0 8  0 . 9 6 87 
0 . 1 8 8 4  0 . 97 6 5  
0 . 3 3 2 2  0 . 9 8 0 8  
0 . 4 5 3 9  0 . 97 9 8  
0 . 5512  0 . 9 7 5 4  
0 . 6 2 2 9  0 . 9 7 1 9  
0 . 0 8 3 6  0 . 7 9 3 0  
0 . 1 2 6 5  0 . 8 4 5 3  
0 . 2 0 3 2  0 . 8 8 6 5  
o .  3 7 1 6  0 . 9 1 3 2  
0 . 5 1 7 8  0 . 9 0 9 7  
0 . 5 9 6 8  0 . 8 9 7 0  
0 . 7 3 7 1  0 . 8 7 3 3  
0 . 0 6 9 7  0 . 3 0 9 7  
0 . 1 3 6 3  0 . 4 6 32  
0 . 2 8 2 2  0 . 50 9 9  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually passing 
into a mixing tube and then into a 
cell in which phases separated under 
gravity . Liquid sample removed from 
bottom of cell and vapor sample from 
top of cell . Composition of samples 
found by stripping out gas and 
estimating amount of solute 
volumetrically and solvent gravi
metrically . Temperature measured 
with thermocouple and pressure with 
Bourdon gauge . Details in ref . ( 1 ) . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Hatheson sample , purity better 
than 9 9  mole per cent . 

2 .  Matheson , Coleman and Bell 
sample ,  purity better than 9 9  
mole per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 01 ;  oxCH, ' 
o yCH, > ± 1 .  0% 

( estimated by compiler) • 

REFERENCES : 
1 .  S imnick , J . J . ; Lawson , C . C . ; 

Lin , H . M . ; Chao , K . C .  

Am. Ins t .  Chern: Engnrs . J .  1 9 7 7, 
2 3 ,  4 6 9 . 



Alkanes: Pressure Greater Than 0.2 M Pa 

COMPONENTS : 

1 .  Methan e ; CH4 : [ 7 4 - 8 2 - 8 ]  
2 .  Hexadecane ; C 1  s H s  4 ; [ 5 4 4 - 7 6 - 3 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

G l aser , M . ; Pete r s , c .  J . ; Van der 
Kooi , H .  J . ; L i chtentha l e r ,  R. N .  
J .  Chem. The rmody n .  
1 9 8 5 , 1 7 , 8 0 3 - 8 1 5 . 

P REPARED BY : 

C .  L .  Young 

Experimenta l l y determ�ned two- phase boundar i e s  
(x, mole frac t i on o f  methane ) 

T/K P/MPa T/K P/Mpa T/K P/Mpa T/K P/Mpa 

X = 0 . 9 7 7  ( l +g ) 

2 9 3 . 2 0 6 4 . 5 6 3 07 . 3 5 6 1 . 5 8 3 2 2 . 0 8 5 9 . 0 0 3 3 6 . 6 2  56 . 70 
2 9 7 . 4 9  6 3 . 60 3 1 2 . 30  6 0 . 6 8 3 2 6 . 9 5 5 8 . 2 0 3 4 1 . 6 5 5 5 . 9 8 
3 0 2 . 62 6 2 . 5 4 3 1 7 . 1 5 5 9 . 8 4 3 3 1 . 8 6 5 7 . 4 4 3 4 6 . 4 9 5 5 . 30 

3 5 1 . 3 0 5 4 . 62  

X = 0 . 9 7 7  ( s +g ) 

2 8 5 . 8 4 7 0 . 1 0 2 8 5 . 8 3 7 2 . 1 0 2 8 5 . 8 2 74 . 1 0 2 8 5 . 7 5 8 0 . 1 0  
2 8 5 . 7 4  8 4 . 1 0 

X = 0 . 9 6 2  ( l +g ) 

2 9 3 . 2 7  6 8 . 3 6 3 1 2 . 3 0 6 4 . 1 2 3 2 7 . 0 1 6 1 . 5 2 3 4 6 . 6 2 5 8 . 44 
2 9 7 . 9 1 6 7 . 2 2 3 1 7 . 2 6 6 3 . 1 8 3 3 1 . 9 2 6 0 . 7 4 3 5 1 . 3 3 5 7 . 8 8 
3 0 3 . 4 2  6 5 . 9 2 3 2 2 . 2 5 6 2 . 3 2 3 3 6 . 4 0  5 9 . 9 8 3 5 6 . 2 8 5 7 . 2 0 

3 4 1 . 6 2 59 . 2 6 3 6 1 . 0 7 5 6 . 54 

X = 0 . 9 6 2  ( s + g )  

2 8 6 . 2 8  7 2 . 60 2 8 6 . 3 5 7 6 . 1 0 2 8 6 . 4 4 8 0 . 1 0 2 8 6 . 5 4 8 3 . 60 
2 8 6 . 6 1 8 6 . 8 0 

cont . 

AUXI L I ARY INFORNAT ION 

METHOD APPARATUS/ PROCEDURE : 

Cai l l et e t  apparatus used up to 
pres sures o f  20 MPa and an autoc l ave 
with two s apph ir e  windows was u sed 
at higher pressures . Both systems 
provided with magnet i c  s t i rr ing 
faci l i t y .  Pressure measured w i th 
pressure b a l ance and tempe ratures 
measured with p l a t i num r e s i s tance 
thermome te r .  Deta i l s  o f  Cai l l etet 
apparatus given i n  r e f  ( 1 ) ,  ( 2 )  and 
sour ce ; deta i l s of a utoc l ave g iven 
i n  ref ( 1 ) ,  ( 3 )  and sour ce . 

SOURCl:. AND PURl TY OF MATERI ALS : 

1 .  Mathe son Research Grade samp l e ,  
purity checked u s i ng gas 
chromatography . 

2 .  Merck samp l e , puri t y  at l e a s t  
9 9 . 9  mo l e  p e r  cent , checked by 
gas chromatography . 

l:.STlMATED ERROR: 

REFERENCES :  

1 .  van der Kooi , H .  J . ; PhD . 
thes i s , D e l f t . Univ . Tech . , 
1 9 8 1 . 

2 .  De Laos , Th . W . ; Van der Kooi , 
H .  J . ; Poot , W . ; Ott , P .  L .  
De Zft . Progr . Re p ,  1 9 8 3 ,  8 , 2 00 . 

3 .  Van Wi l i e ,  G .  S .  A. ; Di epen , 

373 

G .  A. M . ,Re a . Trav . Chim . Pays Bas . , 
( 1 9 6 1 ) , 80 , 6 5 9 . 



374 Alkanes:  Pressure Greater Than 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 74 - 8 2 -8 ]  Gl aser , M . ; Peters , c .  J .  ; van der 
2 .  Hexadecane ; C 1 s H s 4 ; [ 544-76-3 ] Kooi , H .  J .  ; Lichtentha ler,  R .  N .  

J .  Chern . Thermodyn .  
1 9 8 5 , 1 7 1 8 0 3 - 8 1 5  o 

EXPERIMENTAL VALUES :  
T/K P/MPa T/K P/MPa T/K P/MPa T/K P/MPa 

X = 0 . 9 52 ( l +g ) 

29 2 . 16  6 9 . 82 3 1 2 . 3 4 65 . 2 2 3 9 1 . 9 2 6 1 . 8 0 3 5 1 . 4 1 58 . 9 1 
297 . 0 4 6 8 . 57 3 1 7 . 2 7 64 . 3 9 33 6 . 9 1 6 1 . 0 2 356 . 72 58 . 2 0 
30 1 .  8 1  67 . 44 32 2 . 1 9 63 . 4 2  34 1 . 6 0 60 . 32 3 6 1 . 4 7 57 . 5 6 
307 . 4 5 6 6 . 2 0 32 7 , 0 7 62 . 5 8 346 . 4 4 59 . 6 1  

X = 0 . 9 52 ( s +g ) 

286 . 2 3 7 2 . 9 0 286 . 3 3 75 . 6 0 286 . 5 3 8 0 . 1 0 

X =  0 . 92 7  ( l +g ) 

289 . 0 5 70 . 5 8 307 . 9 8 6 6 . 1 2  327 . 5 1 6 2 . 6 0 3 4 7 . 05 59 . 7 2 
29 2 . 8 2 69 . 64 3 1 2 . 7 8 65 . 1 6 3 3 2 . 4 2 6 1 . 8 4 3 5 1 . 84 59 . 0 6 
297 . 6 8 68 . 4 0 3 1 7 . 6 1  6 4 . 2 6 337 . 3 3 6 1 . 1 0 356 . 7 8 58 . 4 4 
30 3 . 03 67 . 1 6 322 . 6 3 63 . 4 1  3 4 1 . 8 8 60 . 4 0 

X = 0 . 927  ( s+g ) 

286 . 4 3 72 . 6 0  286 . 5 0  73 . 1 0 2 8 6 . 5 6 74 . 1 0 2 8 6 . 6 9 76 . 4 0  
28 6 . 8 3 78 . 1 0 

X = 0 . 8 87  ( l +g ) 

29 2 . 23 68 . 84 307 . 5 9 65 . 4 2 322 . 2 1 62 . 8 4 3 3 6 . 96 60 . 6 6 
2 9 7 . 0 1 6 7 . 6 8 3 1 2 . 4 0 6 4 . 5 2 32 7 . 1 0 6 2 . 0 8 34 1 .  72 60 . 0 1 
302 . 58 66 . 4 4 3 1 7 . 3 1 63 . 6 6 3 3 1 . 9 5 6 1 . 3 8 346 . 6 9 59 . 3 6 

351 . 4 2 58 . 7 6 

X = 0 . 887  ( s+l ) 

286 . 9 8 76 . 60 287 . 0 0 76 . 9 0 2 8 7 . 1 7 78 . 2 0 287 . 4 1  80 . 9 0 
2 8 7 . 2 9 79 . 7 0 287 . 64 83 . 3 0 

X = 0 . 8 24 ( l +g ) 

28 7 . 7 4 59 . 4 8 307 . 4 9 56 . 6 0 3 2 7 . 1 3 54 . 3 8 346 . 54 52 . 6 8  
295 . 2 2 58 . 2 0 3 1 2 . 3 4 55 . 9 5 3 3 1 . 8 3 53 . 9 4 351 . 2 9 52 . 2 7 
29 7 . 47  57 . 85 3 1 7 . 2 5 55 . 3 8 3 3 6 . 8 5 53 . 50 356 . 1 1 51 . 9 0 
302 . 6 2 57 . 1 5 322 . 2 1 54 . 8 5 3 4 1 . 9 9 53 . 1 2  3 6 1 . 3 6 51 . 5 6 

X = 0 . 8 2 4  ( s +l ) 

285 . 8 4 6 2 . 1 0  2 86 . 1 1 64 . 0 0 2 8 6 . 58 6 7 . 5 0 286 . 8 4 7 1 . 00 

X = 0 . 7 0 3  ( l+g ) 

2 9 2 . 7 2 36 . 9 4 3 1 2 . 0 8 36 . 5 9 3 3 1 . 6 8 36 . 4 4 351 . 9 5 36 . 30 
2 9 7 . 4 9 36 . 8 2 3 1 6 . 9 9 36 . 5 4 3 3 6 . 5 8 :36 . 4 0 356 . 8 3 36 . 2 4 
30 2 . 3 1 36 . 7 3 3 2 1 . 8 2 36 . 5 0 3 4 1 . 4 5 36 . 3 6 36 1 . 4 4  36 . 1 8· 
307 . 2 1 36 . 6 6 3 2 6 . 7 9 36 . 4 6 3 4 6 . 3 6 36 . 3 2 

X = 0 . 7 03 ( s+l ) 

28 5 . 2 6 40 . 1 0 2 8 5 . 6 2 42 . 1 0 2 8 5 . 78 43 . 0 0 2 8 6 . 1 5 45 . 00 

X = 0 . 6 00 ( l+g ) 

2 9 3 . 1 9 23 . 1 0 3 1 2 . 1 7 23 . 7 6 3 3 1 . 9 1 24 . 4 4 352 . 3 9 24 . 90 
297 . 9 0 2 3 . 2 2  3 1 7 . 1 8 2 3 . 9 4 3 3 6 . 77 24 . 5 2 354 . 4 4 24 . 98 
302 . 6 6  23 . 4 0  32 2 . 1 1  24 . 1 0 3 4 1 . 6 3 24 . 6 4 3 6 1 . 4 6 25 . 06 
307 . 58 2 3 . 4 6 3 2 6 . 9 6 24 . 2 6 3 4 6 . 56 24 . 7 8 

con t .  



Alkanes: Pressure Greater Tha n  0.2 M Pa 375 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2 - 8 ]  Gl aser , M . ; Peters , c .  J . ; Van der 
2 .  Hexadecane ; c l s Hg • ; [ 5 4 4 - 7 6 - 3 ] Kooi , H .  J . ; Lichtentha l e r ,  R .  N .  

J .  Chern . Thermod�n .  
1 9 85 , 1 7 , 8 0 3 - 8 1 . 

EXPERIMENTAL VALUES : 

T/K P/MPa T/K P/MPa T/K P/MPa T/K P/MPa 

X = 0 . 60 0  ( s+ l ) 

28 6 . 6 1 26 . 3 0  2 8 5 . 9 2 2 7 . 8 0 2 8 6 . 0 3 28 . 1 0 2 8 6 . 3 2 2 9 . 3 0 

X = 0 . 4 9 7  ( l+g ) 

2 9 3 . 32 1 5 . 6 9 3 0 8 . 0 5 1 6 . 4 1  3 2 2 . 7 7 1 7 . 08 3 3 7 . 3 6 1 7 . 6 1 
2 9 7 . 9 3 1 5 . 9 2 3 1 2 . 9 4 1 6 . 6 3 3 2 7 . 6 4 1 7 . 2 6 3 4 2 . 36 1 7 . 7 9 
3 0 3 . 0 3 1 6 . 1 8 3 1 7 . 8 3 1 6 . 86 3 3 2 . 3 8 1 7 . 4 3 3 4 7 . 3 7 1 7 . 9 4 

X = 0 . 4 9 7  ( s+ 1 ) 

28 5 . 8 6 1 6 . 2 4 2 8 5 . 9 7 1 6 . 6 3 2 8 6 . 1 4 1 7 . 5 1 2 8 6 . 2 6 1 7 . 90 
2 8 6 . 3 7 1 8 . 3 9 

X = 0 . 3 4 2  ( 1 +g ) 

2 9 0 . 8 9  8 . 1 9  3 0 7 . 9 2 8 . 79 3 2 7 . 70 9 . 4 1  3 4 7 . 3 3 9 . 9 2 
2 9 3 . 4 3  8 . 2 9 3 1 3 . 0 2 8 . 9 7 3 3 2 . 6 8  9 . 5 4 3 5 2 . 6 1 1 0 . 0 5 
2 9 8 . 0 9 8 . 4 8 3 1 7 . 6 5 9 . 1 1 3 3 7 . 4 7 9 . 6 7 3 5 7 . 3 8 1 0 . 1 4 
3 0 3 . 2 6 8 . 6 5 3 2 2 . 7 6 9 . 2 7 3 4 2 . 5 3 9 . 8 0 

X = 0 . 2 9 6  ( 1+g ) 

2 8 8 . 8 6 6 . 4 8 3 0 3 . 2 4 6 . 9 4 3 2 2 . 7 8 7 . 4 8 3 4 2 . 5 2 7 .  94  
2 9 0 . 5 6 6 . 5 5 3 0 8 . 0 5 7 . 0 7 3 2 7 . 7 6 7 . 60 3 4 7 . 5 3 8 . 0 2 
2 9 3 . 2 7 6 . 6 3 3 1 2 . 9 8  7 . 2 2 3 3 2 . 6 8 7 .  7 1  3 5 2 . 4 7 8 . 1 3 
2 9 8 . 0 7 6 . 7 9 3 1 7 . 9 0 7 . 3 5 3 3 7 . 5 9 7 . 8 3 

X = 0 . 2 9 6  ( s+ 1 ) 

28 8 . 2 1  7 . 4 6  2 8 8 . 4 8 8 . 5 8 2 8 8 . 7 4 9 . 7 6 2 8 9 . 3 7 1 2 . 2 1  
2 8 8 . 86 1 0 . 1 5 2 8 9 . 4 7 1 2 . 56 

X = 0 . 1 8 4 ( 1+g ) 

2 9 8 . 1 7  4 . 1 0 6  3 1 3 . 0 9 4 . 3 6 6  3 2 7 . 7 4 4 . 5 9 7  3 4 2 . 7 7 4 . 8 0 5  
3 0 3 . 52  4 . 2 0 5  3 1 8 . 4 1 4 . 4 6 5  3 3 2 . 7 1 4 . 6 7 5  34 7 . 6 4 4 . 8 7 7  
3 0 8  . 1 3 4 . 2 8 3  3 2 3 . 1 2 ' 4 .  5 3 3  3 3 7 . 6 5 4 . 7 4 2  3 5 2 . 5 6 4 . 9 3 5  

3 5 6 . 3 3 4 . 9 9 4  

X = 0 . 1 8 4 ( s+ 1 ) 

29 0 . 2 1  8 . 4 4 1  2 9 0 . 4 1  9 . 3 1 7  2 9 0 . 6 9 1 0 . 5 0 0  29 1 . 3 1 1 2 . 9 5 4  
2 9 1 . 0 1 1 1 . 7 7 1  2 9 1 . 6 0 1 3 . 9 8 4  

X = 0 . 1 1 1  ( 1+g ) 

29 0 . 2 7  2 . 0 6 1  3 0 8 . 2 0 2 . 2 28  3 2 8 . 2 3 2 . 3 9 9  34 3 . 2 6 2 . 5 2 2  
2 9 2 . 1 7 2 . 0 8 7  3 1 3 . 2 1  2 . 2 7 7  3 3 3 . 2 6 2 . 4 5 3  3 4 8 . 2 4 2 . 5 5 6  
2 9 3 . 22 2 . 0 9 3  3 1 8 . 2 0 2 . 3 20  3 3 8 . 2 5 2 . 4 8 8  3 6 3 . 2 3 2 . 6 5 9  
3 0 3 . 2 5 2 . 1 8 4  3 2 3 . 2 7  2 . 3 6 0  

X = 0 . 1 1 1 ( s+ 1 ) 

2 9 0 . 2 7 3 . 1 8 9  2 9 0 . 6 8  4 . 9 5 5  2 9 1 . 5 2 8 . 3 3 9  2 9 2 . 2 2 1 1 . 0 8 6  
2 9 0 . 6 7  4 . 9 0 6  2 9 1 .  0 7  6 . 5 7 4  2 9 1 . 9 3 9 . 9 5 8  2 9 3 . 3 8 1 1 . 9 2 0  



376 Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  Eicosane ; c2 0H4 2 ; [ 1 1 2 - 9 5 - 8 ] 

VARIABLES :  

Pres sure 

EXPERIMENTAL VALUES : 

T/K 

3 1 3 . 1 5 

P/t1Pa 

0 . 5 1 
1 .  0 1  
1 .  5 2  
2 . 0 3 
2 . 5 3 
3 . 04 
3 . 5 5 
4 . 0 5 
4 . 5 6 
5 . 0 7 
5 . 5 7 
6 . 0 8 

ORIGINAL MEASUREMENTS : 

Puri , S . ; Kohn , J .  P . ; 

J ,  C h e m . En g .  Da t a , 1 9 7 0 ,  1 5 ,  
3 7 2 -3 7 4 . 

PREPARED BY : 

c .  L .  Young 

Mo l e  f raction o f  methane , x  

0 . 0 1 7 9  
0 . 05 1 0  
0 . 0 7 8 5  
0 . 0 7 8 5  
0 . 1 2 6 8  
0 . 1 4 9 0  
0 . 1 7 0 1  
0 . 1 9 1 0  
0 . 2 1 0 8 
0 . 2 3 00 
0 . 2 4 8 9  
0 . 2 6 7 7  

3 1 9 . 1 5 
3 0 8 . 9 5 
3 0 8 . 7 5 
3 0 8 . 5 5 
3 0 8 . 3 5 
3 0 8 . 1 5 
3 0 7 . 9 5 
3 0 7 . 7 5 
3 0 7 . 5 5 
3 0 7 . 3 5  
3 0 7 . 1 5  

s o l i d - l iquid-gas equi l i br i um 
0 . 6 8 4  0 . 03 4 8  

0 . 04 6 5  
0 . 06 20 
0 . 07 7 5  
0 . 0 9 6 1  
0 . 1 1 4 5 
0 . 1 3 6 0  
0 . 1 5 9 2  
0 . 1 8 60  
0 . 2 1 4 2  
0 . 2 4 5 0  

0 . 8 9 7  
1 . 1 7 7  
1 .  4 7 9  
1 .  8 6 4  
2 . 2 6 0  
2 . 7 4 6  
3 . 2 9 4  
3 . 9 2 1  
4 . 6 0 3  
5 . 3 5 2  

AUXI LIARY INFOR}�TION 

METHOD /APPARATUS /PROCEDURE : 
Boros i l i cate g l as s  ce l l .  Tempera
ture r:1easured Hith p l a t i num res i st
ance thermometer . P r e s s ure measured 
with Bourdon gauge . Samp l e s  of 
methane added to e i cosane and 
equi l i briated . Liquid phas e  
compo s i t i on e s t imated f romn known 
overa l l  compos i t ion and vo l ume of 
both phases . Deta i l s  in ref . ( 1 ) .  

SOURCE AND PURITY OF MATERIALS : 
1 .  Matheson pure grade , f urther 

pur i f ied by d i s t i l l at i on and 
absorpt ion . Final purity better 
than 9 9 . 5  mo l e  per cent . 

2 .  Humphrey Wi l kinson samp l e , 
minir:1um purity 9 9  mo l e  per cent 

ESTIMATED ERROR: 
a TjK = ± 0 . 2 5 ;  d P/MPa = ± 0 . 05 ;  

a x  = ± 0 . 00 2  

REFE RENCES : 

1 .  Lee , K .  H . ; Kohn , J .  P . ; 
J .  C h e m . E n g .  D a t a , 1 9 6 9 ,  1 4  
2 9 2 .  

--



Alkanes: Pressure Greater Than 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH� ; [ 74 -8 2 - 8 ]  

2 .  Dotriacontane ; C s 2 H s s : 

[ 5 4 4 - 8 5 -4 ] 

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Cordeiro , D .  J . ;  Luks , K .  D . ; 
Kahn , J .  P .  · 

Ind .  Eng . Chern . PFoaess . Des . 
Deve lop .  

1 9 7 3 ,  1 2 ,  4 7-51 . 

P REPARED BY : 

C .  L .  Young 

T/K P/MPa Mole fraction of methane in liquid , xCH� 

3 4 3 . 15 1 .  5 8 5  
2 . 02 5  
2 . 4 7 5  
2 . 9 6 0  
3 . 4 8 0  
4 . 04 0  
4 . 6 3 0  
5 . 2 5 0  
5 . 9 0 0  
6 . 5 5 0  

0 . 1 0 0 0  
0 . 1 2 5 0  
0 . 1 5 0 0  
0 . 1 7 5 0  
0 . 2 0 0 0  
0 . 2 2 5 0  
0 . 2 5 0 0  
0 . 2 7 5 0  
0 . 3 0 0 0  
0 . 32 5 0  

Molar volume data i n  source . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

A known amount of gas added to a 

known amount of solvent in a 10 cm3 

glass equilibrium cel l .  Liquid 

phase composition determined from 

overall composition and volume of 

both phases .  Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum pure grade 

samples , purity better than 9 9  

mole per cent . 

2 .  Humphrey Chemical Co . sample , 

minimum purity 9 7  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 02 ;  oP/MPa = ± 0 . 0 0 7 ; 
oxCH� = ± 0 . 0 0 1  ( e stimated by 

compiler ) . 

REFERENCES : 

377 



378 Alkanes: Ternary a nd Mu lticomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  Price , A .  R . ; Kobayashi , R .  

2 .  Ethane ; C 2 H 6 ; [ 7 4 - 8 4 - 0 ]  J .  Chem . Engng . Data 

3 .  Propane ; C 3 H a ; [ 7 4 - 9 8 - 6 ]  1 9 5 9 , 4 ,  4 0 - 5 2 . 

VARIABLES : PREPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES : 
Mole fractions 

P/MPa P/psi in l iquid 
xC 2 H 6  XC 3 H e 

in vapor 
Yc2 H s Yc 3 H e 

2 8 3 . 1 5 
( 5 0 )  

0 . 6 8 9  1 0 0  

1 .  3 7 9  2 0 0  

2 . 7 5 8  4 0 0  

4 . 1 3 7  6 0 0  

( cont . )  

0 . 0 0 2 8  
0 . 0 0 2 2  0 . 0 0 8 0  

0 . 0 2 3 6  
0 . 0 4 4  
0 . 0 4 4  
0 . 0 3 9 6  0 . 0 6 5 5  
0 . 0 2 7 0  0 . 1 6 0  
0 . 0 1 2 8  0 . 2 6 4  

0 . 3 5 7  
0 . 12 8  
0 . 110 0 . 1 7 5  
0 . 0 6 9 7  0 . 5 0 0  
0 . 0 6 2 0  0 . 5 5 3  
0 . 0 3 0 2  0 . 7 5 7 8  

0 . 9 0 6 6  
0 . 9 1 0 8  

0 . 2 1 6  
0 . 2 1 4  0 . 1 5 1  
0 . 2 0 4  0 . 17 8  
0 . 1 7 8  0 . 3 7 6  
0 . 1 7 4  0 . 4 5 7  
0 . 1 3 7  0 . 6 4 7  
0 . 113 0 . 7 6 8  

0 . 9 9 8  0 . 0 5 7  
0 . 9 8 9 7  0 . 0 4 5 2  0 . 0 2 8 0  
0 . 9 7 6 4  o .  0 7 2 0  
0 . 9 6 0  0 . 4 7 1  
0 . 9 6 2  0 . 4 7 1  
0 . 8 9 6 6  0 . 4 12 0 . 112 
0 . 811 0 . 2 7 5  0 . 2 8 4  
o .  7 1 9 3  0 . 12 7  0 . 4 7 6  
0 . 6 4 3  0 . 6 12 
0 . 8 7 2  0 . 6 8 5  
o .  715 0 . 5 5 7  0 . 1 9 3  
0 . 4 3 0 3  0 . 3 0 6  0 . 5 3 5  
0 . 3 8 5  0 . 2 8 2  0 . 5 7 0  
0 . 2 1 2  0 . 11 5  0 . 7 9 8 9  
0 . 0 9 3 4  0 . 9 6 1 6  
0 . 0 8 9 2  0 . 9 6 0 6  
0 . 7 8 4  0 . 7 6 2  
0 . 6 3 5  0 . 6 6 3  0 . 1 3 3  
0 . 6 1 8  0 . 6 5 4  0 . 1 5 0  
0 . 4 4 6  0 . 5 2 1  0 . 3 3 2  
0 . 3 6 9  0 . 4 8 7  0 . 3 8 2  
0 . 2 1 6  0 . 3 7 1  0 . 5 5 0 1 
0 . 11 9  0 . 2 8 6  0 . 6 6 6 8  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURI TY OF MATE RIALS : 

Recirculating vapor flow apparatus 

0 . 9 4 3  
0 . 9 2 6 8  
0 . 9 2 8 0  
0 . 5 2 9  
0 . 5 2 9  
0 . 4 7 6  
0 . 4 4 1  
0 . 3 9 7  
0 . 3 8 8  
0 . 3 1 5  
0 . 2 5 0  
0 . 1 5 9  
0 . 14 8  
0 . 0 8 6 1  
0 . 0 3 8 4  
0 . 0 3 9 4  
0 . 2 3 8  
0 . 2 0 4  
0 . 1 9 6  
0 . 14 7  
0 . 1 31 
0 . 0 7 8 9  
0 . 0 4 7 2  

with modified Jerguson sight gauge 1 .  Phillips Petroleum Co . research 
. grade , purity 9 9 . 5  mole per for equ�librium cell . Vapor re- cent . 

cycled with magnetic pump . Pressure 
2 .  Phillips Petroleum Co . research 

measured with Bourdon pressure gauge grade , purity 9 9 . 9 mole per 

and temperature measured with cent . 

thermocouple . Samples of liquid 3 .  Phillips Petroleum Co . pure 
grade , purity 9 9 . 0  mole per 

and gas analysed by j nfra-red spectra cent . 
��--��--------------------------� 

metry and gas chromatographic ESTIMATED ERROR: 

analysis . oT/K = ± 0 . 0 6 ;  oP/MPa = ± 1 % ;  

ox , o y  = ± 2 %  ( e stimated by compiler� 

REFERENCES : 



Alkanes: Ternary a nd Multicomponent Systems 379 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 -82-8 ] Price , A .  R . ; Kobayashi , R .  

2 .  Ethane ; C 2 H s ; [ 7 4 - 8 4 - 0 ] J .  Chern . Engng . Data 

3 .  Propane ; C 3 H e ; [ 74 - 9 8 - 6 ]  1 9 5 9 , 4 ,  4 0 -5 2 .  

EXPERIMENTAL VALUES :  

Mole fractions 
T/K P/MPa P/psi in liquid in vapor 

(T/°F)  xCH4 XC 2 H 6  xC 3 H e  YCH4 Yc 2 H s Yc 3 H a  

2 8 3 . 15 5 . 51 6  8 0 0  0 . 3 0 0  0 . 7 0 0  0 . 7 8 8  0 . 2 12  
{ 5 0 )  0 . 2 8 6  0 . 1 2 1  0 . 5 9 3  0 . 7 2 2 4  0 . 0 9 0 6  0 . 18 7  

0 . 2 6 8  0 . 3 5 9  0 . 37 3  0 . 58 8  0 . 2 8 2  0 . 13 0  
0 . 2 5 5  0 . 4 54 0 . 2 9 1  0 . 5 3 4  0 . 357 0 . 10 9  
0 . 2 37  0 . 5 6 6  0 . 19 7  0 . 4 6 3 2  0 . 4 55  0 . 0 8 1 8  

6 . 8 9 5  1 0 0 0  0 . 4 1 3  0 . 58 7  0 . 8 0 5  0 . 19 5  
0 . 3 8 9  0 . 16 9  0 . 4 4 2  0 . 7 07  0 . 12 6  0 . 16 7  
0 . 3 85  0 . 22 5  0 . 3 9 0  0 . 6 8 0  0 . 16 4  0 . 15 6  
0 . 3 7 3  0 . 3 5 7  0 . 2 7 0  0 . 6 0 0  0 . 2 6 8  0 . 13 2  
0 . 3 4 9  0 . 505  0 . 14 6  0 . 4 8 2 6  0 . 4 3 1  0 . 0 8 6 4  
0 . 3 7 5 5  0 . 52 4 1  0 . 1 0 0 4  0 . 4 3 4 5  0 . 4 9 0  0 . 0 7 5 5  

7 . 58 4  1 1 0 0  0 . 4 5 1  0 . 5 4 9  0 . 8 0 3  0 . 1 9 7  
0 . 4 3 6 5  0 . 0 4 0 9  0 . 5 2 2 6  0 . 7 7 4 6  0 . 0 3 0 6  0 . 19 4 8  
0 . 4 3 0  0 . 110  0 . 4 6 0  0 . 7 3 4 1  0 . 0 8 4 9  0 . 18 1  
0 . 4 3 8  0 . 19 2  0 . 3 7 0  0 . 6 9 2  0 . 14 3  0 . 16 5  
0 . 4 3 8  0 . 2 2 3  0 . 3 3 9  0 . 6 6 5  0 . 17 3  0 . 16 2  
0 . 4 3 5  0 . 2 5 9  0 . 3 0 6  0 . 6 3 0  0 . 2 0 9  0 . 1 6 1  
0 . 4 4 0  0 . 3 7 6  0 . 18 4  0 . 50 4  0 . 3 5 1  0 . 14 5  

8 . 2 7 4  1 2 0 0  0 . 4 98 0 . 5 0 2  0 . 7 8 4  0 . 2 1 6  
0 . 4 9 9 7  0 . 0 3 7 5  0 . 4 6 2 8  0 . 7 5 5 8  0 . 0 3 0 2  0 . 2 1 4  
0 . 5 0 4  0 . 17 6  0 . 3 2 0  0 . 6 7 3  0 . 14 3  0 . 1 8 4  
0 . 50 8  0 . 2 4 3  0 . 2 4 9  0 . 5 8 4  0 . 21 9  0 . 19 7  

2 5 5 . 37 0 . 6 8 9  1 0 0  0 . 0 3 5 8  0 . 96 4 2  0 . 57 3  0 . 4 27  
( 0 )  0 . 0 3 3 5  0 . 0 1 7 4  0 . 94 91 0 . 5 5 8 9  0 . 03 3 6  0 . 4 0 7 5  

0 . 0 2 7 9  0 . 1 2 8 4  0 . 8 4 3 7  0 . 4 0 0  0 . 24 6  0 . 3 54  
0 . 0 2 1 0  0 . 16 6  0 . 8 1 3  0 . 3 2 5  0 . 34 9  0 . 32 6  
0 . 0 1 0 7  0 . 2 7 2  0 . 7 1 7 3  0 . 15 9  0 . 5 34 0 . 3 07  

0 . 37 3  0 . 6 2 7  0 . 6 9 2  0 . 3 0 8  
1 .  3 7 9  2 0 0  0 . 0 9 0 4  0 . 9 0 9 6  0 . 7 6 8  0 . 2 32  

0 . 0 9 1 7  0 . 0 1 2 7  0 . 8 9 5 6  0 .  7 7 1 7  0 . 0 1 3 3  0 . 21 5  
0 . 0 7 0 2  0 . 2 5 0  0 . 6 7 9 8  0 . 56 0  0 . 2 7 0  0 . 17 0  
0 . 0 4 5 7  0 . 4 8 4 3  0 . 4 7 0  0 . 35 9  0 . 519  0 . 122  
0 . 0 1 2 7  0 . 8 1 3 3  0 . 17 4  o .  0 7 7 8  0 . 8 7 4 6  0 . 04 7 6  

0 . 9 0 1 3  0 . 0 9 8 7  o .  9 7 1 7  0 . 0 2 8 3  
2 . 7 5 8  4 0 0  0 . 19 9  0 . 8 0 1  0 . 8 6 2  0 . 1 3 8  

0 . 15 9  0 . 34 7  0 . 4 9 4  0 . 6 9 8 5  0 . 2 17  0 . 0 8 4 5  
0 . 1 5 5 7  0 . 5 2 9 3  0 . 3 15 0 . 6 0 0 3  0 . 3 4 3  0 . 0 5 6 7  
0 . 1 3 6 4  0 . 72 4 3  0 . 13 9 3  0 . 4 8 6 9  0 . 4 8 5 2  0 . 02 7 9  

4 . 137  6 0 0  o .  311 0 . 6 8 9  0 . 8 9 1  0 . 10 9  
0 . 2 9 3  0 . 2 6 6  0 . 4 4 1  0 . 7 8 1  0 . 13 7 7  0 . 08 1 3  
0 . 2 8 8  0 . 3 4 3  0 . 36 9  0 . 7 5 14 0 . 18 4  0 . 0 6 4 6  
0 . 2 7 2  0 . 4 8 1  0 . 24 7  0 . 6 8 9 6  0 . 2 6 0  0 . 0 5 0 4  
0 . 2 7 1  0 . 6 2 0 4  0 . 10 8 6  0 . 6 1 3 8  0 . 3 6 1  0 . 02 5 2  

5 . 5 1 6  8 0 0  0 . 41 5  0 . 5 8 5  0 . 8 9 9  0 . 10 1  
0 . 3 9 1  0 . 18 8  0 . 4 2 1  0 . 8 2 3 9  0 . 0 9 3 9  0 . 0 8 2 2  
0 . 3 7 8  0 . 354  0 . 2 6 8  o .  7 7 2 7  0 . 1 7 0 2  0 . 0517 
0 . 3 8 0  0 . 4 1 8  0 . 2 02  0 . 7 31 8  0 . 2 2 4  0 . 04 4 2  
0 . 3 8 0  0 . 5 1 4 2  0 . 1 0 5 8  0 . 6 7 9 5  0 . 2 9 6  0 . 0 2 4 5  

6 . 8 9 5  1 0 0 0  0 . 5 2 2  0 . 4 7 8  0 . 89 5  0 . 10 5  
0 . 515  0 . 0 7 8 0  0 . 4 0 7  0 . 8 6 2 3  0 . 0 4 4 3  0 . 0 9 3 4  
0 . 5 1 2  0 . 18 7  0 . 3 0 1  0 . 8 1 7 4  0 . 1 0 2 7  0 . 07 9 9  
0 . 514  0 . 2 3 9  0 . 24 7  0 . 7 9 1  0 . 14 0  0 . 06 9 0  
0 . 5 1 6 1  0 . 3 3 7 8  0 . 14 6 1  o .  7 2 3 4  0 . 22 6  0 . 0 5 0 6  
0 . 5 2 5 8  0 . 4 4 6 7  0 . 0 2 7 5  0 . 6 3 5 7  0 . 34 9  0 . 0153  

( cont . ) 



380 Alkanes: Ternary and M u lticomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4-8 2 - 8 ]  Price , A.  R. ; Kobayashi , R .  

2 .  Ethane ; C 2 H 6 ; [ 74-84-0 ] J .  Chern . Engng . Data 

3 .  Propane ; C s H e ; [ 7 4-9 8-6 ] 1959 , 4 1 40-52 . 

EXPERIMENTAL VALUES :  

Mole fractions 
T/K P/MPa P/psi in liquid in vapor 

:x;CH � :x;C 2 H 6 :x;C s H e YcH� Yc2 H 6 Ye s H e 

255 . 37 7 . 5 84  1100 0 . 5 8 2  0 . 4 18 0 . 8 8 8  0 . 112 
( 0)  0 . 5759  0 . 0581  0 . 3 6 6  0 . 8619  0 . 0 3 4 1  0 . 1 04 

0 . 5 8 5  0 . 10 7  0 . 3 0 8  0 . 8 3 7 7  0 . 06 3 5  0 . 0 9 8 8  
0 . 5 8 4  0 . 157 0 . 259  0 . 8 2 3 7  0 . 0928  0 . 0 8 3 5  
0 . 5 87  0 . 1 92  0 . 22 1  0 . 7 9 4 7  0 . 12 31 0 . 0 8 2 2  
0 . 5 82  0 . 2 28 0 . 1 90  0 .  7707  0 . 154 0 . 07 5 3  
0 . 5 9 17 0 . 2 4 8 3  0 . 16 0 0  0 . 7545  0 . 1758 0 . 0 6 9 7  
0 . 6 0 4 3  0 . 2 59 0 . 1367  0 . 7 4 8 4  0 . 1855  0 . 06 6 1  
0 . 6 0 4  0 . 2 7 3  0 . 12 3  0 .  7142  0 . 2177  0 . 06 8 1  

8 . 2 7 4  1 2 0 0  0 . 6 3 7  0 . 3 6 3  0 . 87 3  0 . 1 2 7  
0 . 6 4 5 6  0 . 0874  0 . 2 6 7  0 . 8 2 1 8  0 . 0 6 2 5  0 . 1157 
0 . 653  0 . 106 0 . 2 41 0 . 8158  0 . 0751  0 . 1091  
0 . 6 50  0 . 118 0 . 2 3 2  0 . 7 95 0 . 0 8 9  0 . 116 
0 . 6 9 3  0 . 161 0 . 14 6  0 .  7 2 1  0 . 14 4  0 . 1 35  

8 . 96 3  1300  0 . 7 08  0 . 2 92  0 . 8 4 5  0 . 155  
0 .  7103  0 . 0297  0 . 2 6 0  0 . 8 2 9 4  0 . 0 246  0 . 14 6  
0 . 7 315 0 . 0 3 4 5  0 . 2 3 4  0 . 8 0 8 6  0 . 0322  0 . 1592  
0 . 7 3 6 4  0 . 0 3 9 6  0 . 22 4  0 . 7 9 7 8  0 . 03 8 4  0 . 1 6 3 8  

2 3 5 . 37 0 . 6 8 9  1 0 0  0 . 0 7 6 9  0 . 9231  0 . 8 4 0  0 . 1 60  
(-50 )  0 . 0614  0 . 1718  0 . 7 6 6 8  0 .  7195  0 . 16 2 8  0 . 11 7 7  

0 . 0 4 8 6  0 . 302  0 . 6494  0 . 6 05  0 . 2 9 2  0 . 103  
0 . 0 4 7 9  0 . 3 9 9  0 . 5 531 0 . 5 2 8 7  0 . 3 80  0 . 0 913  
0 . 0 4 6 7  0 . 4 4 8  0 . 5053  0 . 4 9 5 2  0 . 42 5  0 . 07 9 8  
0 . 02 6 1  0 . 7 2 5 9  0 . 24 8  0 . 2 8 0  0 . 6 82  0 . 0 3 8 0  

1 .  3 7 9  2 0 0  0 . 14 6  0 . 854 0 . 9216 0 . 07 8 4  
0 . 12 5  0 . 2 6 8  0 . 6 0 7  0 . 804  0 . 1 4 0  0 . 0 5 6 0  
0 . 12 5  0 . 36 8  0 . 5 07 0 . 7 4 7 8  0 . 2 06  0 . 0 4 6 2  
0 . 119 0 . 6 2 7  0 . 2 54 0 . 6 3 8 3  0 . 3 33 0 . 02 8 7  
0 . 0 9 6 8  0 . 9032  0 . 505  0 . 4 9 5  

2 . 7 58 4 0 0  0 . 2 9 6  0 . 7 0 4  0 . 9 4 9 3  0 . 05 0 7  
0 . 2 92  0 . 126 0 . 5 8 2  0 . 9 2 0  0 . 0 3 8 3  0 . 0417  
o .  2 7 1  0 . 2 8 9  0 . 4 4 0  0 . 8791  0 . 0 9 0 7  0 . 03 0 2  
0 . 2 7 4  0 . 4 4 8  0 . 2 7 8  0 . 8 2 4 5  0 . 154 0 . 0215 
0 . 2 7 0  0 . 512 0 . 218 0 . 8 0 8 4  0 . 17 4 2  0 . 0 174  
o .  2 7 7  0 . 5 2 3  0 . 200  0 . 7 9 8 6  0 . 1 8 8 0  0 . 0134  
0 . 2 7 8  o .  571 0 . 151 0 . 7 9 0 1  0 . 1 9 4  0 . 0159  
0 . 2 8 2  o .  718 0 . 7 24  0 . 2 7 6  

4 . 137 6 0 0  0 . 4 3 8  0 . 5 62  0 . 9585  0 . 0415  
0 . 4 4 0  0 . 14 5  0 . 4 15 0 . 9179  0 . 0 4 8 5  0 . 0 3 3 6  
0 . 4 24  0 . 15 0  0 . 42 6  0 . 919  0 . 0 4 4 6  0 . 0 3 6 4  
0 . 4 43  0 . 24 3  0 . 314 0 . 8952  0 . 0 7 9 0  0 . 02 5 8  
0 . 4 4 1  0 . 3 6 6  0 . 19 3  0 . 8 6 3 7  0 . 119 0 . 01 7 3  
0 . 4 3 8  0 . 5 62  0 . 800  0 . 2 0 0  

5 . 516 8 0 0  0 . 5 8 1  0 . 4 1 9  0 . 9 59 0 . 0410  
0 . 5 9 8  0 . 1 09  0 . 2 9 3  0 . 9 2 7 5  0 . 3 62  0 . 0 3 6 3  
o .  611 0 . 2 4 9  0 . 14 0  0 . 8 9 0 1  0 . 0 8 8 6  0 . 0213  
0 . 6 2 2  0 . 3 7 8  0 . 8 32 0 . 16 8  

6 . 8 9 5  1000  0 . 7 3 6  0 . 2 6 4  0 . 9458  0 . 0542  
0 . 7 6 0 9  0 . 0 6 51 0 . 174  0 . 9216  0 . 0 3 3 1  0 . 0 4 5 3  
0 . 7 6 6 2  0 . 0 8 9 2  0 . 14 4 6  0 . 9026  0 . 0 5 0 4  0 . 04 7 0  
0 . 7 7 4 9  0 . 12 6 1  0 . 0 9 9 0  0 . 8 838  0 . 0758  0 . 0 4 0 4  
0 . 7 8 3 7  0 . 14 9 1  0 . 0 6 7 2  0 . 8 6 3 1  0 . 1001  0 . 0 3 6 8  
0 . 8 3 32 0 . 1318 0 . 0 3 5 0  0 . 8 3 6 3  0 . 12 8 8  0 . 0 3 4 9  

(cont . )  



Alkanes: Ternary and Multicomponent Systems 381 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH � :  [ 7 4-82 - 8 ]  Price , A .  · R . : Kobayashi , R .  

2 .  Ethane : C 2 H s :  [ 7 4 -8 4 -0 ] J .  Chern.  Engng . Da ta 

3 .  Propan e :  C 3 H e : [ 7 4 - 9 8 - 6 ] 1 9 5 9 , 4 ,  4 0-52 . 

EXPERIMENTAL VALUES :  

Mole fractions 
T/K P/MPa P/psi in liquid in vapor 

xCH� XC 2 H 6  xC 3 H e Yea � Yc 2 H s Yc 3 H e 

1 9 9 . 8 2 0 . 6 8 9  1 0 0  0 . 12 5  0 . 8 7 5  0 . 9 5 9 1  0 . 04 0 9  
(-1 0 0 )  0 . 11 8  0 . 14 4  0 . 7 3 8  0 . 9 1 8 6  0 . 0 4 7 2  0 . 0 3 4 2  

0 . 110  0 . 3 2 0  0 . 57 0  0 . 8 6 5 1  0 . 110  0 . 02 4 9  
0 . 110  0 . 5 8 0  0 . 3 10  0 . 7 9 1 6  0 . 1 9 4  0 . 0 1 4 4  
0 . 10 1  0 . 8 9 9  0 . 6 8 0  0 . 32 0  

1 .  3 7 9  2 0 0  0 . 2 2 2  o .  7 7 8  0 . 9 7 9 2  0 . 02 0 8  
0 . 2 35 0 . 1 2 1  0 . 6 4 4  0 . 9 6 1 5  0 . 0 2 2 8  0 . 0157  
0 . 2 3 2  0 . 4 3 5  0 . 3 3 3  0 . 9 0 7 0  0 . 0 8 4 0  0 .  0 0 8 9 7  
0 . 2 3 6  0 . 4 8 3  0 . 2 8 1  0 . 8 9 2 6  0 . 09 8 3  0 . 00 9 0 9  
0 . 2 5 0  0 . 7 50 0 . 814  0 . 18 6  

2 . 7 58  4 0 0  0 . 4 7 7  0 . 52 3  0 . 9 8 5 5  
0 . 4 9 2  0 . 17 5  0 . 3 3 3  0 . 9 6 3  0 . 02 6 6  0 . 0104  
0 . 4 9 6  0 . 2 4 2  0 . 2 6 2  0 . 9 5 6 2  0 . 0 3 6 4  0 . 0 0 7 4 1  
0 . 5 0 4  0 . 3 0 8  0 . 18 8  0 . 9 4 4 6  0 . 04 8 6  0 . 0 0 6 8 5  
0 . 5 1 9 1  0 . 3 8 6  0 . 0 9 4 9  0 . 9 3 2 1  0 . 0 6 3 0  0 . 00 4 8 6  
0 . 52 8  0 . 4 7 2  0 . 9 1 6 5  0 . 0 8 3 5  

4 . 137  6 0 0  0 . 7 4 4  0 . 2 56  0 . 9 8 5 2  0 . 0 1 4 8  
0 . 74 5  0 . 0 5 2 0  0 . 2 0 3  0 .  9 7 7 5  0 . 0119  0 . 0 1 0 6  
0 . 7 6 4 7  0 . 1 6 1 2  0 . 07 4 1  0 . 9 5 8 3  0 . 0 3 6 6  0 .  0 0 5 12. 
0 . 7 8 4  0 . 2 1 6  0 . 9 4 9 8  0 . 0 5 0 2  

1 7 2 . 04 0 . 6 8 9  1 0 0  0 . 2 3 8  0 . 7 6 2  0 . 9 9 3 2  0 . 0 0 6 8  
H5 0 )  0 . 2 4 2  0 . 2 5 8  0 . 5 0 0  0 . 9 6 8 6  0 . 0 2 8 2  0 . 0 0 3 2  

0 . 2 4 0  0 . 2 7 5  0 . 4 8 5  0 . 9 6 5 3  0 . 0 3 0 8  0 . 0 0 3 9  
0 . 2 4 9  0 . 4 4 6  0 . 3 0 5  0 . 9 5 3 8  0 . 04 3 3  0 . 0 0 3 0  
0 . 2 52 0 . 6 7 6 2  o .  0 7 18 0 . 9 2 9 9  0 . 0 6 8 2  0 . 0 0 1 9  
0 . 25 1  0 . 7 4 9  0 . 9 3 12 0 . 0 6 8 8  

1 .  3 7 9  2 0 0  0 . 50 2  0 . 4 9 8  0 . 9 9 5 5  0 . 0 0 4 5  
0 . 514 0 . 2 0 8  0 . 2 7 8  0 . 9 8 0 6  0 . 0 1 6 7  0 . 0 0 2 7  
0 . 52 8  0 . 3 1 9  0 . 15 3  0 . 9 7 4 2  0 . 0 2 34 0 . 0 0 2 4  
0 . 5 5 3 2  0 . 4 0 0  0 . 04 6 8  0 . 9 6 9  0 . 0 2 9 4  0 . 0 0 1 6  
0 . 5 6 1  0 . 4 3 9  0 . 9 7 0  0 . 0 3 0  

1 4 4 . 26 0 . 6 8 9  1 0 0  0 . 8 0 2  0 . 1 9 8  0 . 9 9 9 3  0 . 0 0 0 7  
E-2 0 0 )  0 . 8 0 7 5  0 . 0 7 3 5  0 . 1 1 9  0 . 9 9 6 2  0 . 0 0 2 1  

0 . 8 1 8 7  0 . 12 4  0 . 0 5 7 3  0 . 9 9 6 1  0 . 0 0 2 9  
0 . 8 8 3  0 . 16 7  0 . 9 9 6 5  0 . 0 0 3 5  



382 Alkanes: Ternary and Multicom ponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; 

2 .  Ethane ; 

CH � ;  

C 2 H 6 ; 

[ 7 4 -82-8 ] 

[ 7 4 -84-0 ]  

Parikh , J .  S . ;  Bukacek , R.  F . ; 

Graham , L . ; Leipziger , s .  
3 .  Propane ; C 3 H a ; [ 7 4-98-6 ] J .  Che rn .  Eng .  Data 

1 9 8 4 , 29 , 3 0 0-303 . 

VARIABLES : P REPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES : 
Mole fraction of 
Mole fraction of 
Mole fraction of 

T/K 
Dew Points 

P /MPa 

210 . 1 5 
223 . 2 6 
223 . 7 1 
2 3 1 . 0 4 
236 . 2 1 
23 9 . 8 7 
242 . 5 9 
2 4 4 . 2 6 
24 4 . 4 3 
2 4 4 . 2 6 
2 4 3 . 1 5 
24 1 . 8 7 
239 . 8 2 
237 . 5 9 
234 . 1 5 
230 . 3 7 
227 . 5 9 
225 . 3 7 
225 . 0 4 
22 4 . 5 4 
224 . 2 1  

0 . 6 8 9 3  
1 .  3 7 9  
1 . 4 4 0  
2 . 0 6 8  
2 . 7 57  
3 . 4 4 6  
4 . 1 3 6  
4 . 8 25 
5 . 5 1 4  
5 . 9 6 7  
6 . 4 6 5  
6 . 7 60  
6 . 9 78  
7 . 1 3 4  
7 . 235  
7 . 1 54  
7 . 0 3 7 
6 . 9 1 4  
6 . 8 9 6  
6 . 8 6 3  
6 . 850  

methane = 0 . 8 5 1 1  ± 0 . 0032  
ethane = 0 . 1 0 0 7  ± 0 . 0023  

propane = 0 . 0 480  ± 0 . 0005  
Bubble Points 

T/K P/MPa 

1 4 4 . 1 5 
1 5 5 . 2 6 
1 6 6 . 4 8  
1 7 4 . 8 2 
1 8 1 . 4 8  
1 8 3 . 1 5 
1 9 1 . 4 8 
2 0 0 . 9 3 
2 0 5 . 3 7 
2 1 0 . 9 3 
2 1 6 . 3 7 
2 1 9 . 2 8 
2 2 1 . 9 8 
2 2 3 . 8 7 
224 . 2 1 a 

0 .  7 1 5 5  
1 . 1 45  
1 .  747  
2 . 3 02 
2 . 8 9 9  
3 . 0 00 
3 . 7 30 
4 . 5 99 
5 . 162  
5 . 7 8 9  
6 . 3 04  
6 . 4 9 4  
6 .  7 1 6  
6 . 8 33 
6 . 8 50 

a critical point 

AUXI L I ARY I N FO RNAT ION 

METHOD N'PARATUS / P ROCEDURE : SOURCI:. AND P U R I TY  OF HATI:. R I ALS : 

Thick-wa lled Pyrex equi librium cells 

used of approximately 29 x 10- 6 m3 

volume . Cell contents stirred by 

ball bearing which could be moved by 

an external magnet . Fluid thermo

stat used . Dew and bubble points 

of samples of fixed composition 

determined vi sually ei ther by vary

ing pres sure at fixed temperature 

1 .  

2 .  

3 .  

Purity 

Purity 

Purity 

99 . 9 9 moles per 

9 9 . 9 0 moles per 

99 . 9 9 moles per 

cent . 

cent . 

cent . 

or by varying temperature at fixed 
E S T I MATED ERRO R :  

oT/K = ±0 . 0 5 ;  oP/P = ± 0 . 0 0 1 . 

pres sure . Details in source . 

REFERENCES : 



Alkanes: Ternary and Multicomponent Systems 383 

COMPONENTS: ORIGINAL MEASUREMENTS : 

1 .  Methane : CH 4 :  [ 7 4-82-8] Billman , G. W . : Sage , B .  H . : 

2 .  Ethane : C 2 H s : [ 74 -84-0 ] Lacey , w. N. 
Trans . Am . Ins t .  Mea h .  Min .  Engnrs . 

3 .  Pentane : C s H 1 2 :  [10 9-66-0 ] 1 9 48 , 1 74 ,  13-24 . 

VARIABLES : PREPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES : 
Mole fractions 

T/K P/MPa in liquid in vapor 

( T/ ° F )  (P/psi)  xCH 4 XC2 H 6  XC s H 1 2 YcH 4 Yc 2 H s Yc s H 1 2 

310 . 9 3 3 . 4 5 0 . 15 4  0 . 0 284 0 . 818 0 . 9 0 4  0 . 0 3 7 7  0 . 0 583 
(10 0 )  ( 5 0 0 )  0 . 115 0 . 2 2 3  0 . 6 6 2  0 . 6 5 2  0 . 29 7  0 . 0 519 

0 . 0 9 4 7  0 . 32 7  0 . 578 0 . 517 0 . 431 0 . 0 511 
0 . 05 5 0  0 . 514 0 . 431 0 . 27 5  0 . 681 0 . 0 4 4 0  
0 . 0 0 0 0  0 . 7 3 6  0 . 2 6 4  0 . 0 0 0  0 . 96 5  0 . 0 3 4 9  

6 . 89 0 . 2 6 3  0 . 211 0 . 52 6  0 . 76 2  0 . 188 0 . 0 4 9 9  
(100 0 )  0 . 24 6  0 . 314 0 . 4 4 0  0 . 6 7 4  0 . 282 0 . 0 4 5 4  

0 . 2 3 7  0 . 39 6  0 . 3 68 0 . 59 6  0 . 3 6 0  0 . 04 4 3  
0 . 22 4  0 . 4 4 4  0 . 331 0 . 5 48 0 . 4 0 5  0 . 0 468 
0 . 214 0 . 515 0 . 2 71 0 . 483 0 . 47 3  0 . 0 4 38 
0 . 198 0 . 6 0 2  0 . 2 0 0  0 . 3 9 4  0 . 56 2  0 . 04 4 1  
0 . 19 6  0 . 7 5 9  0 . 0 4 51 0 . 19 6  0 . 7 58 0 . 0 4 5 0  

10 . 3 4 0 . 4 2 0  0 . 152 0 . 4 28 0 . 814 0 . 12 5  0 . 0 6 08 
(15 0 0 )  0 . 412 0 . 291 0 . 2 9 7  0 . 689 0 . 2 4 4  0 . 06 7 0  

o.  413 0 . 3 78 0 . 2 0 9  0 . 588 0 . 3 3 4  0 . 07 7 9  
0 . 4 6 2  0 . 4 4 3  0 . 0 9 48 0 . 4 61 0 . 4 4 3  0 . 0 9 5 3  

13 . 7 9 0 . 580 0 . 0 217 0 . 39 9  0 . 89 9  0 . 0173  0 . 0833 
( 2 0 0 0 )  0 . 587 0 . 116 0 . 29 7  0 . 801 0 . 0981 0 . 101 

0 . 5 9 9  0 . 1 4 0  0 . 2 61 0 . 7 6 3  0 . 121 0 . 116 

( cont . )  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell , agitated 

mechanically . Samples withdrawn 

so as not to disturb equilibrium. 
Pressure measured with pressure 
balance . Samples analysed by low 
temperature fractionation . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Commercial sample of about 9 9 . 6 5 
mole per cent purity : carbon 
dioxide about 0 . 3  mole per cent 
and 0 . 04 mole per cent heavier 
hydrocarbon . 

2 .  Carbide and Carbon Chemicals 
Corp . sample , fractionated : 
final purity about 9 9 . 8  mole per 
cent . 

3 .  Phillips Petroleum Co . sample , 
purity 9 9 . 5  mole per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 12 : o P/MPa = ± 0 . 015 : 

ox , oy = ± O . oo2 . 

REFERENCES : 



384 Alkanes: Ternary and Multicom ponent Systems 

COMPON ENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4; [ 74-82 - 8 ]  Billman , G .  w.; Sage , B .  H . ; 

2 .  Ethane ; C2Hs; [ 7 4-84-0]  Lacey , W. N .  
Trans . Am . Ins t .  Me ah .  Min . Engnrs . 

3 .  Pentane ; CsH12i [ 109-66-0 ]  19 4 8 ,  1 '14 ,  13-24 .  

EXPERIMENTAL VALUES : 

Smoothed Data 

Mole fractions 
T/K P/MPa ca in liquid in vapor 

(TjDF )  ( P/psi )  XCH4 XC2Hs xCsH12 Yca4 Yc2Hs YcsH12 

310 . 93 3 . 4 5 o . o  0 . 160 o . oo o  0 . 8 40  0 . 9 4 0  0 . 00 0  0 . 0 6 03 ( 1 0 0 )  ( 5 0 0 )  0 . 2  0 . 12 4  0 . 1752  0 . 7 01  o .  712  0 . 233 0 . 0 547  
0 . 4  0 . 0 8 6 8  0 . 365  0 . 54 8  0 . 4 69  0 . 4 8 2  0 . 0490  
0 . 6  0 . 0 4 17 0 . 575 0 . 383 0 . 2 0 0  0 . 7 5 9  0 . 0414  

6 . 8 9 o . o  0 . 308 0 . 0 00 0 . 693 0 . 9471  0 . 0 0 0 0  0 . 0530 ( 1 0 0 0 )  0 . 2  0 . 2 76 0 . 145  0 . 57 9  0 . 8225  0 . 12 8  0 . 0 497  
0 . 4  0 . 2 47  0 . 301 0 . 4 52 0 . 6 834 0 . 27 0  0 . 0461  
0 . 6  0 . 2 20 0 . 4 6 8  0 . 312 0 . 5265  0 . 4 2 8  0 . 0459  
0 . 8  0 . 188 0 . 65 0  0 . 163 0 . 3472  0 . 612  0 . 0 4 0 6  

10 . 34 0 . 0  0 . 4 4 0  0 . 0 0 0  0 . 56 0  0 . 9 4 12 0 . 0000  0 . 0 5 8 8  ( 1 5 0 0 )  0 . 2  0 . 423 0 . 115 0 . 4 6 2  0 . 8 4 6 0  0 . 0942  0 . 0 6 0 1  
0 . 4  0 . 4 15 0 . 234 0 . 351 0 . 74 2 8  0 . 19 4  0 . 0636 
0 . 6  0 . 414  0 . 352 0 . 235 0 . 6 2 0 4  0 . 306 0 . 0 739 

13 . 7 9 0 . 0  0 . 5 79 0 . 00 0  0 . 42 1  0 . 92 0 5  0 . 0000  0 . 0796  ( 2 0 0 0 )  0 . 2  0 . 5 82  0 . 0836 0 . 334 0 . 8381 0 . 0690  0 . 0 930 
0 . 4  0 . 607  0 . 157 0 . 236 0 . 7347 0 . 1379 0 . 1272  

a C = mole fraction of ethane 
mole fract1on of ethane + mole fraction of pentane 



Alkanes : Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS: 

1 .  Methane 1 CH � 1  [ 7 4 - B 2 -B ] 

2 .  Ethane 1 C 2 H 6 1 [ 7 4 - B 4 - 0 ]  

Van Horn , L .  0 . 1 Kobayashi , R .  

J .  Chern . Engng . Da ta 

3 .  Heptane 1 c,H 1 6 1  [ 1 4 2 - B 2 - 5 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

1 9 6 7 , 1 2 , 2 9 4 - 3 0 3 . 

PREPARED BY : 

C .  L .  Young 

Mole fractions 

T/K P/MPa in liquid in vapor 

(T/ ° F )  (P/psi )  xCH� 
XC2H6 xC , Ht s  YcH� Y c2H s 

2 4 4 . 2 6  0 . 6 B 9  0 . 0 4 2  0 . 1 32 O . B 2 6  0 . 7 B 6  0 . 2 14 
( -2 0 )  ( 1 0 0 )  0 . 0 3 2  0 . 2 5 2  0 .  7 1 6  0 . 5 9 5  0 . 4 0 5  

1 .  3 B O . O B 4  0 . 2 3 5  0 . 6 B l  0 . 7 8 6 0 . 214 
( 2 0 0 )  0 . 0 6 7  0 . 4 5 3  0 . 4 8 0  0 . 5 9 5  0 . 4 0 5  
2 . 7 6 0 . 1 7 9  0 . 2 0 3  0 . 6 1 B  0 . 8 9 1  0 . 10 9  
( 4 0 0 )  0 . 1 6 5  0 . 3 9 0  0 . 4 4 5  0 . 7 8 6  0 . 2 14 

4 . 14 0 . 2 5 4  0 . 248 0 . 4 9 B  O . B 9 1 0 . 1 0 9  
( 6 0 0 )  0 . 2 5 0  0 . 4 7 4  0 . 2 7 6  0 . 7 8 6  0 . 2 14 
5 . 5 2 0 . 3 3 1  0 . 1 3 B  0 . 5 3 1  0 . 9 4 5 6  0 . 0 5 4 4  
( B O O )  0 . 3 4 2  0 . 2 6 4  0 . 3 9 4  O . B 9 1 0 . 1 0 9  
6 . 8 9 0 . 3 9 6  0 . 14 1  0 . 4 6 3  0 . 9 4 5 6  0 . 0 5 4 4  

( 1 0 0 0 )  0 . 3 9 3  0 . 2 6 B  0 . 3 3 9  O . B 9 1 0 . 1 0 9  

2 3 3 . 15 0 . 68 9  0 . 0 4 7  0 . 1 7 2  0 . 7 B l  0 . 7 B 6  0 . 2 1 4  
( - 4 0 )  ( 10 0 )  0 . 0 3 7  0 . 3 2 8  0 . 6 3 5  0 . 5 9 5  0 . 4 0 5  

1 .  3 B  0 . 0 9 4  0 . 3 1 6  0 . 5 9 0  0 . 7 B 6  0 . 2 14 
( 2 0 0 )  O . O B 2  0 . 6 0 5  0 . 3 1 3  0 . 5 9 5  0 . 4 0 5  
2 . 7 6 0 . 1 9 7  0 . 2 6 2  0 . 5 4 1  O . B 9 1  0 . 1 0 9  
( 4 0 0 )  0 . 1 9 4  0 . 5 1 3  0 . 2 9 3  0 . 7 8 6  0 . 214 
4 . 14 0 . 2 9 B  0 . 1 5 7  0 . 5 4 5  0 . 9 4 5 6  0 . 0 5 4 4  
( 6 0 0 )  0 . 2 9 6  0 . 3 1 2  0 . 3 9 2  0 . 8 9 1 0 . 1 0 9  
5 . 5 2 0 . 3 8 0  0 . 16 3  0 . 4 5 7  0 . 9 4 5 6  0 . 0 5 4 4  
( B O O )  0 . 3 9 1  0 .  3 1  '7 0 . 2 9 2  0 . 8 9 1 0 . 1 0 9  

ll"'nnt- \ 
AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The solubilities were determined by 

measurement of retention volumes 
using gas chromatography . The 
method uses methane as a carrier gas , 
ethane as an injected sample and 
heptane as the stationary phase . 
The technique is described in the 
source and ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 and 2 .  Major impurity nitrogen . 
Total impurities less 
than 0 . 0 5 mole per cent . 

3 .  Research grade . 

ESTIMATED ERROR: 

385 

oT/K = ± 0 . 0 51  oF/psi = ± 1 ,  P � 1 , ooo 
psia , ± 2 , P � 1 , 0 0 0  psia 1 
ox , oy = ± 1 . 5 % .  

REFERENCES : 

1 .  Koonce , K .  T .  
Ph . D. thesis ,  Riae UnivePsity, 

Houston , 1 9 6 3 .  



386 Alkanes: Ternary and M ulticomponent Systems 

COMPONENTS : ORIGINAL MEAS UREMENTS : 

1 .  Methane; CH4; [ 74-8 3-8 ] Van Horn , L .  D . ; Kobayashi , R .  
2 .  Ethane; CzH6; [ 74-84-0 ] J.  Chern . Engng .  Data 

3 .  Heptane; C7H16i [ 142-82-5 ] 1967 , 1 2 ,  294-3 03 . 

EXPERIMENT AL VALUES : 
Mo le f ractions 

T/K P /MPa in liquid in vapor 
{TjOF) {P/ps i)  .xCH4 .xC2H6 .xC7H16 YcH4 YczH6 

2 33 . 15 6 . 8 9 0 . 4 5 3  0 . 1 5 5  0 . 3 9 2  0 . 9 4 5 6  0 . 0 5 4 4  
{ - 4 0 )  { 1 0 0 0 )  
2 2 2 . 04 0 . 6 89  0 . 05 5  0 . 2 4 3  0 . 7 0 2  0 . 78 6  0 . 214 
( - 6 0 }  { 1 0 0 }  0 . 04 4  o .  4 7 1  0 . 4 8 5  0 . 5 95  0 . 4 0 5  

1 .  3 8  0 . 12 0  0 . 2 2 2  0 . 65 8  0 . 891  0 . 10 9  
{ 2 0 0 }  0 . 112 0 . 4 3 7  0 . 4 5 1  0 . 786  0 . 2 14 
2 . 7 6 0 . 2 4 3  0 . 1 7 5  0 . 5 8 2  0 . 94 5 6  0 . 0 5 4 4  
( 4 0 0 }  0 . 2 4 0  0 . 3 4 8  0 . 4 12 0 . 89 1  0 . 10 9  
4 . 14 0 . 34 6  0 . 2 0 0  0 . 4 5 4  0 . 9 4 5 6  0 . 0 5 4 4  
( 6 0 0 )  0 . 352  0 . 3 9 0  0 . 2 5 8  0 . 891  0 . 1 09  
5 . 5 2 0 . 4 40  0 . 1 9 7  0 . 3 6 3  0 . 9 4 5 6  0 . 0 5 4 4  
( 80 0  



Alkanes: Ternary and M ulticomponent Systems 387 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 -8 ] 

2 .  Propane ; C 3 H a ; [ 7 4 -9 8 - 6 ] 

3 .  Butane ; C 4 H 1 o i [ 1 0 6 - 9 7 -8 ]  

VARIABLES : 

Temperature , pressure 

liquid phase composition 

EXPERIMENTAL VALUES : 
tcompo-

Wiese , H. C . ; Jacobs , J . ; 

Sage , B .  H .  

J .  Chern. Eng .  Data 
1 9 7 0 , 1 5 ,  82 - 9 1 . 

PREPARED BY: 

c. L .  Young 

Mole fraction 
T/K P/MPa sition 

(T/ ° F )  ( P/psia)  factor 
in liquid 

xC 3 H a  

2 7 7 . 6  
( 4 0 )  

1 . 3 8 
( 2 0 0 )  

3 . 4 5 
{5 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

8 . 6 2 
{12 5 0 )  

o. o 
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0 
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  

0 . 0 8 0 8  0 
0 . 0 7 62 0 . 1 8 4 8  
0 �  0 7 1 0  0 .  3 7 1 6  
0 . 0 6 6 2  0 . 5 6 0 3  
0 . 0 6 0 9  0 . 7 5 1 3  
0 . 0 5 4 9  0 . 9 4 51 
0 . 1 9 1 3  0 
0 . 1 9 9 6  0 . 1 6 0 1  
0 . 2 0 01 0 . 3 2 0 0  
0 . 1 9 8 7  0 . 4 8 0 8  
0 . 1 9 6 2  0 . 6 4 3 1 
0 . 1 9 2 3  0 . 8 0 7 7  
0 . 3 6 5 1  0 
0 . 3 9 4 9  0 . 12 1 0  
0 . 4 0 3 0  0 . 2 3 8 8  
0 . 4 0 7 1  0 . 3 5 5 7  
0 . 4119 0 . 4 7 0 5  
0 . 4 2 2 6  0 . 4 7 7 4  
0 . 4 5 1 3  0 
0 . 4 91 8  0 . 1 0 1 6  
0 . 5 0 7 0  0 . 1 9 72 
0 . 5154 0 . 2 9 0 8  
0 . 5 2 7 8  0 . 3 7 7 8  
0 . 5 4 9 2  0 . 4 5 0 8  

0 . 9 1 9 2  0 . 8 8 8 8  0 0 . 1112 
0 . 7 3 9 0  0 . 82 7 3 0 . 0 8 1 9  0 . 0 9 0 9  
0 . 5 5 7 4  0 . 7 6 3 6  0 . 1 6 5 9  0 . 0 7 0 5  
0 . 3 7 3 5  0 . 6 9 9 0  0 . 2 5 2 4  0 . 0 4 8 6  
0 . 1 8 7 8  0 . 6 3 2 7  0 . 3 4 2 2  0 . 0 2 5 1  
0 0 . 5 6 2 7  0 . 4 3 7 3  0 
0 . 8 0 8 7  0 . 9 3 6 9  0 0 . 0 6 31 
0 . 6 4 0 3  0 . 9 1 0 2  0 . 0 3 91 0 . 0 5 0 7  
0 . 4 7 9 9  0 . 8 8 2 5  0 . 0 7 8 8  0 . 0 3 8 7  
0 . 3 2 0 5  0 . 8 5 2 3 0 . 1215 0 . 0 2 6 3  
0 . 1 6 0 8  0 . 8 1 8 0  0 . 1 6 8 5 o .  0 1 3 5  
0 0 . 7 8 1 9  0 . 2 1 8 1  0 
0 . 6 3 4 9  0 . 9 4 6 1  0 0 . 0 5 3 9  
0 . 4 8 4 1  0 . 9 2 7 5  0 . 0 2 8 1  0 . 0 4 4 4  
0 . 3 5 8 2  0 . 9 0 6 8  0 . 0 5 7 4  0 . 0 3 5 8  
0 . 2 3 7 1  0 . 8 8 3 5  0 . 0 9 04 0 . 0 2 6 1  
0 . 1 1 7 6  0 . 8 5 6 7  0 . 1 2 8 9  0 . 0144 
0 0 . 8 2 0 8  0 . 1 7 9 2  0 
0 . 5 4 8 7  0 . 9 4 0 7  0 0 . 0 5 9 3  
0 . 4 0 6 6  0 . 9 2 0 3  0 . 0 2 7 6  0 . 0 5 2 1  
0 . 2 9 5 8  0 . 9 0 04 0 . 0 5 7 1  0 . 0 4 2 6  
0 . 19 3 9 0 . 8 7 4 9  0 . 0 9 2 3  0 . 0 3 2 9  
0 . 0 9 4 4  0 . 8 4 7 0  0 . 1 3 3 5  0 . 0 1 9 5  
0 (cont.)O . 8 2 2 2  0 . 17 7 8  0 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 
known composition . Pressure 

measured with pressure balance and 
temperature measured using a 
platinum resistance thermometer . 

Details in ref .  {1 ) . Samples of 
coexisting phases analysed by GC . 

Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Texaco sample , passed over calcium 
chloride , activated charcoal . 
Ascarite and anhydrous calcium 
sulfate at pressures in excess of 
3 MPa ,  purity 9 9 . 9 9 mole per cent . 

2 and 3 .  Phillips Petroleum Co . 
sample s ,  degassed , purities 
9 9 . 9 9 and 9 9 . 9 5 mole per cent , 
respectively . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 1 ;  

oxcH4 ' 15Y cH4 

REFERENCES : 

oP/MPa = ± 0 . 1%;  

= ± 0 . 0 0 5  or better . 

1 .  Sage , B .  H . ;  Lacey , w. w. 
Trans . Am. Ins t .  Mining Me t .  

Engnrs . 

1 9 4 0 ,  1 38 ,  1 3 6 . 



388 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 74 -82-8] Wiese , H. c . ; Jacobs , J . ; 
2 .  Propane ; C 3 H a ; [ 7 4 -9 8-6 ] Sage , B .  H .  

3 .  Butane ; C� H 1 o i [ 1 0 6 -9 7 -8] J. Chern. Eng .  Data 
1 9 7 0 ,  1 5 ,  82-9 1 .  

EXPERIMENTAL VALUES :  
tCornpo- Mole fraction 

T/K P/MPa sit ion in liquid in vapor 
( TjDF ) (P/psia) factor xCH� X

C 3 H a  xC� H 1 o 
Y cH� Y c 3 H a  Y c� H 1 o 

2 7 7 . 6  10 . 3 4  0 . 0  0 . 5 3 9 0  0 0 . 4 6 1 0  0 . 9 2 6 2  0 0 . 0 7 3 8  
( 4 0 )  ( 15 0 0 )  0 . 2  0 . 5 9 7 0  0 . 080 6  0 . 3 2 2 4  0 . 9 0 3 5  0 . 0 2 9 7  0 . 0 6 6 8  

0 . 4  0 . 6 1 5 7  0 . 15 3 7  0 . 2 3 0 6  0 . 87 4 7  0 . 0 6 4 5  0 . 0 6 0 8  
0 . 6  0 . 6 3 9 1  0 . 2 16 5  0 . 1 4 4 4  0 . 83 6 0  0 . 1114 0 . 0 5 2 6  

1 1 . 7 2 0 . 0  0 . 6 1 9 4  0 0 . 380 6 0 . 9 0 4 4  0 0 . 0 9 5 6  
( 1 7 0 0 )  0 . 2  0 . 7 0 1 7  0 . 0 5 9 7  0 . 2 387 0 . 85 85 0 . 0 3 4 8  0 . 1 0 6 7  

3 1 0 . 9  1 .  3 8  o. o 0 . 0 5 3 0  0 0 . 9 4 7 0  0 . 7 0 2 7  0 .  0 . 2 9 7 4  
( 1 0 0 )  ( 2 0 0 )  0 . 2  0 . 0 4 5 2  0 . 1 9 1 0  0 . 7 6 3 8  0 . 5 7 4 2  0 . 183 3 0 . 2 4 2 5  

0 . 4  0 . 0 3 6 8  0 . 385 3 0 .  5 7 7 9  0 . 4 4 4 7  0 . 3 6 89 0 . 1864 
0 . 6  0 . 0 2 7 2  0 . 5837 0 . 3891 0 . 3 1 3 0  0 . 5 5 7 4  0 . 1 2 9 6  
0 . 8  0 . 0 1 6 5  0 . 786 8  0 . 19 6 7  0 . 182 3 0 . 7 4 9 8  0 .0 6 7 9  
1 . 0  0 . 0 0 4 9  0 . 9 9 5 1  0 0 . 0 5 2 1  0 . 9 4 7 9  0 

3 . 4 5 o. o 0 . 1 5 5 6  0 0 . 84 4 4  0 . 84 7 3  0 0 . 15 2 7  
( 5 0 0 )  0 . 2  0 . 1514 0 . 1 6 9 7  0 . 6 7 89 0 . 7 9 0 2  0 . 0831 0 . 12 6 7  

0 . 4  0 . 14 5 9  0 . 3 4 1 7  0 . 5125 0 . 7 3 1 6  0 . 1 7 0 0  0 . 0 9 84 
0 . 6  0 . 1386 0 . 5 1 6 8  0 . 3 4 4 6  0 . 6 6 5 3  0 . 2 6 4 1  0 . 0 7 0 6  
0 . 8  0 . 1 3 0 4  0 . 6 9 5 7  0 . 1 7 3 9  0 . 5 9 5 3  0 . 3 6 6 9  0 . 0 3 7 8  
1 . 0 0 . 1 2 3 5  0 . 87 6 5  0 0 . 5 2 0 9  0 . 4 7 9 1  0 

6 . 89 o. o 0 .  3171 0 0 . 6829 0 . 880 9 0 0 . 11 9 1  
( 1 0 0 0 )  0 . 2  0 . 3 2 0 1  0 . 1 3 6 0  0 . 5 4 4 0  0 . 84 3 0  0 . 0 5 4 5  0 . 1 0 2 5  

0 . 4  0 . 3 2 0 9  0 . 2 7 17 0 . 4 0 7 5  0 . 80 3 6  0 . 1 1 3 2  0 . 0833 
0 . 6  0 . 3 1 9 1  0 . 4 0 86 0 . 2 7 2 4  0 . 7 5 82 0 . 1 7 9 8  0 . 0 6 2 1  
0 . 8  0 . 3 2 1 7  0 . 5 4 2 6  0 . 1 3 5 7  0 . 7122 0 . 2 5 2 5  0 :0 3 5 3  
1 . 0 0 . 3 2 7 1  0 . 6 7 2 9  0 0 . 6 6 3 5 0 . 3 3 6 5  0 

8. 6 2  o . o 0 . 3 9 7 4  0 0 . 6 0 2 6  0 . 8786 0 0 . 1 2 1 4  
( 1 2 5 0 ) 0 . 2  0 . 4 0 5 1  0 . 1 1 9 0  0 . 4 7 6 0  0 . 84 2 5  0 . 0 5 0 6 0 . 1 0 6 9  

0 . 4  0 .  4 111 0 . 2 3 5 6  0 . 35 3 3  0 . 80 3 8  0 . 1 0 5 5  0 . 0 9 0 7  
0 . 6  0 . 4181 0 . 3 4 9 2  0 . 2 3 28 0 . 7 6 0 4  0 . 1 6 88 0 . 0 7 0 8  
0 . 8  0 . 4 2 7 6  0 . 4 5 7 9  0 . 1 14 5 0 .  7 1 4 3  0 . 2 4 2 7  0 . 0 4 3 0  
1 . 0  0 . 4 5 11 0 . 5 4 89 0 0 . 6 7 6 6  0 . 3 2 3 4  0 

1 0 . 34 0 . 0  0 . 4 7 9 9  0 0 . 5 2 0 1  0 . 86 6 5  0 0 . 1 3 3 5  
( 15 0 0 )  0 . 2  0 . 4 9 6 6  0 . 1 0 0 7  0 . 4 0 2 8  0 . 82 4 9  0 . 0 5 0 5  0 . 12 4 6  

0 . 4  0 . 5152 0 . 1 9 3 9 0 . 2 9 0 9  o .  7 7 83 0 . 10 87 0 . 11 3 0  
0 . 6  0 . 5 4 0 3  0 . 2 7 5 8  0 . 1839 o.  7 1 0 3  0 . 1 9 0 4 0 . 0 9 9 3  

1 1 . 72 0 . 0  0 . 5586 0 0 . 4 4 14 0 . 84 4 0  0 0 . 1 5 6 0  
( 1 7 0 0 )  0 . 2  0 . 5 9 1 0  0 . 0818 0 . 3 2 7 2  0 . 7801 0 . 0 5 4 0  0 . 1 6 5 9  

3 4 4 . 3  1 .  3 8  o. o 0 . 0 2 5 6  0 0 . 9 7 4 4  0 . 3 5 1 7  0 0 . 6 4 83 
( 2 2 0 )  ( 2 0 0 )  0 . 2  0 . 0 0 9 1  0 . 1 9 82 o. 7 9 2 9  0 . 1171 0 . 3 4 3 9  0 . 5 3 9 1  

3 . 4 5  0 . 0  0 . 12 0 1  0 0 . 87 9 9  0 . 6 7 9 6  0 0 . 3 2 0 4  
( 5 0 0 )  0 . 2  0 . 1 0 86 0 . 1 7 83 o. 7 1 3 1  0 .  5 7 7 1  0 . 14 7 7  0 . 2 7 5 3  

0 . 4  0 . 0 9 5 5  0 . 3 6 1 8  0 . 5 4 2 7  0 . 4 7 54 0 . 3 0 3 2  0 . 2 2 14 
0 . 6  0 . 0803 0 . 5 5 1 8  0 . 3 6 7 9  0 . 3 7 0 2  0 . 4 7 0 2  0 . 1 5 9 7  
0 . 8  0 . 0 6 311 0 . 7 4 9 3  0 . 187 3 0 . 2 6 5 0  0 . 6 4 81 0 . 0869 
1 . 0  0 . 0 4 3 3  0 . 9 5 6 7  0 0 . 1 5 5 0  0 . 84 5 0  0 

6 . 89 0 . 0  0 . 2 7 17 0 o. 7 2 83 0 . 7 5 6 7  0 0 . 2 4 3 3  
( 1 0 0 0 )  0 . 2  0 . 2 6 6 9  0 . 1 4 6 6  0 . 5865 0 . 6 9 4 4  0 . 0 9 3 3  0 . 2 1 2 3  

0 . 4  0 . 2 6 2 2  0 . 2 9 5 1  0 . 4 4 2 7  0 . 6 2 85 0 . 1 9 5 4  0 . 1 7 6 1  
0 . 6  0 . 2 6 2 5  0 . 4 4 6 3  0 . 2 9 7 5 0 . 5 5 2 7  0 . 3 1 3 1  0 . 1 3 4 2  
0 . 8  0 . 2 5 5 6  0 . 5 9 5 5  0 . 1489 0 . 4 6 4 0  0 . 4 5 4 7  0 . 0814 
1 . 0  0 . 2800 o. 7 2 0 0  0 0 . 3 5 5 8  0 . 6 4 4 2  0 

8 . 6 2  0 . 0  0 . 3 4 82 0 0 . 6 5 1 8  0 . 7 5 88 0 0 . 2 4 12 
( 12 5 0 )  0 . 2  0 . 3 5 4 9  0 . 12 9 0  0 . 5 1 6 1  0 . 6 9 9 2  0 . 084 2  0 . 2 1 6 6  

0 . 4  0 . 3 5 9 8  0 . 2 5 6 1  0 . 3 84 2  0 . 6 3 14 0 . 1 7 9 5  0 . 1891 
0 . 6  0 . 3 7 18 0 . 3 7 6 9  0 . 2 5 1 3  o. 5 37 7  0 . 3 0 0 6  0 . 1617 

1 0 . 3 4 o. o 0 . 4 3 2 9  0 0 . 5 6 7 1  0 . 7 4 3 9  0 0 . 2 5 6 1  
( 1 5 0 0 )  0 . 2  0 . 4 6 9 2  0 . 10 6 2  0 . 4 2 4 6  0 . 6 6 1 0  0 . 0 814 0 . 2 5 7 6  
11 . 7 2 o . o  0 . 5 1 0 3  0 0 . 4 89 7  0 . 7 0 3 6  0 0 . 2 9 6 4  
( 1 7 0 0 )  ( cont . )  



Alkanes: Ternary and Multicomponent Systems 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

l .  Methane : CH4 ; [ 7 4 -82-8 ] Wiese , H .  c. :. Jacobs , J . : 
2 .  Propane : C s H e : [ 7 4 -9 8 - 6 ]  Sage , B .  H .  
3 .  Butane : C 4 H 1 o: [ 106-9 7-8 ] J .  Chern . Eng .  Data 

1 9 7 0 , 1 5 ,  82-91 . 

EXPERIMENTAL VALUES : 

Mole fraction 
tco rnpo- in liquid in vapor 

T/K P/MPa sition XCH4 XC s H e  XC 4 H 1 o YcH 4 Y cs H e  (TjOF) (P/psia) factor 

3 7 7 . 6  3 . 4 5 0 . 0 0 . 0 7 8 3  0 0 . 9 2 1 7  0 . 4 2 0 0  0 
( 2 2 0 )  ( 5 0 0 )  0 . 2  0 . 0 5 5 4  0 . 1 8 8 9  0 . 7 5 5 7  0 . 2 6 2 8  0 . 2 2 3 3  

0 . 4  0 . 0 3 2 8  0 . 3 8 6 9  0 . 5 8 0 3  0 . 1 3 4 2  0 . 4 57 3  
0 . 6  0 . 0 0 4 2  0 . 5 9 7 5  0 . 3 9 8 3  0 . 01 4 2  0 . 7 0 6 2  

6 . 8 9 o. o 0 . 2 3 6 1  0 0 . 7 6 3 9  0 . 5 6 3 0  0 
( 1 0 0 0 )  0 . 2 0 . 2 311 0 . 15 3 8  0 . 6 1 5 1  0 . 4 6 1 5  0 . 1 3 7 5  

0 . 4  0 . 2 3 1 6  0 . 3 0 7 4  0 . 4 61 0  0 . 35 6 0  0 . 2 8 7 6  
8 . 6 2 0 . 0  0 . 3 2 0 0  0 0 . 6 8 0 0  0 . 5 3 3 8  0 

( 12 5 0 )  

Moles o f  propane in l i quid tCornposition factor Moles of propane in liquid + Moles of 
butane in liquid 

389 

Y c4 H l o 

0 . 5 8 0 0  
0 . 5 1 3 9  
0 . 4 08 5  
0 . 2 7 9 6  
0 . 4 3 7 0  
0 . 4 01 0  
0 . 3 5 6 4  
0 . 4 6 6 2  



390 Alkanes : Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 74 -8 2-8 ] 

2 .  Propane ; C 3 H e ; [ 74 - 9 8 - 6 ]  

3 .  Pentane ; C 5 H 1 2 ; [ 109-6 6-0 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Carter , R .  T . ; Sage , B .  H .  
Lacey , W .  N .  
Trans . Am . Ins t .  Me t .  Min.  Engnrs . 
19 4 1 ,  1 4 2 , 1 7 0-17 7 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction 
P/MPa 

(P/psi)  
in liquid in vapor 

3 1 0 . 9  
( 10 0 )  

3 . 4 5  
( 5 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

10 . 3 4 
( 15 0 0 )  

1 3 . 79 
( 2 0 0 0 )  

METHOD/APPARATUS/PROCEDURE : 

.:rCH 4 

0 . 13 9  
0 . 13 6  
0 . 14 7  
0 . 15 6  
0 . 3 0 6  
0 . 3 1 1  
0 . 3 0 2  
0 . 3 1 1  
0 . 4 6 9  
0 . 4 6 8  
0 . 4 7 0  
0 . 4 9 3  
0 . 4 5 4  
0 . 4 4 6  
0 . 8 2 0  
0 . 6 6 8  
0 . 6 0 9  
0 . 6 3 1  
0 . 6 0 0  

.:rC 3H e  

0 . 4 4 6  
0 . 74 3  
0 . 3 24  
0 . 10 5  
0 . 5 8 9  
0 . 5 4 8  
0 . 2 20  
0 . 0 8 7  
0 . 28 9  
0 . 2 9 9  
0 . 3 0 1  
0 . 36 4  
0 . 18 7  
0 . 06 8  
0 . 10 3  
0 . 15 1  
0 . 0 9 6  
0 . 14 9  
0 . 0 6 6  

AUXILIARY 

Static equilibrium cell , agitated 
mechanically . Samples withdrawn 
so as not to disturb equilibrium . 
Pressure measured with pressure 
balance . Samples analysed by low 

temperature fractionation . 

.:rC s H 1 2  YcH4 Yc 3 H a Yc sH 1 2  

0 . 4 15 0 . 7 5 5  0 . 218  0 . 0 2 7  
0 . 12 1  0 . 6 07  0 . 37 4  0 . 0 1 9  
0 . 5 2 9  0 . 79 6  0 . 16 4  0 . 0 4 0  
0 . 7 3 9  0 . 8 9 5  0 . 0 5 4  0 . 0 5 1  
0 . 10 5  o .  7 1 6  0 . 2 6 2  0 . 02 3  
0 . 14 1  0 . 72 3  0 . 2 5 7  0 . 0 20  
0 . 4 7 8  0 . 8 7 1  0 . 0 8 8  0 . 04 1  
0 . 6 0 2  0 . 9 2 2  0 . 0 3 6  0 . 04 2  
0 . 24 2  0 . 8 1 2  0 . 14 5  0 . 04 3  
0 . 233  0 . 8 11  0 . 14 5  0 . 04 4  
0 . 2 2 9  0 . 8 0 8  0 . 14 8  0 . 04 4  
0 . 14 3  0 . 7 54  0 . 2 03  0 . 0 4 2  
0 . 3 5 9  0 . 8 6 2  0 . 0 8 5  0 . 0 5 3  
0 . 4 8 6  0 . 9 18  0 . 0 30  0 . 0 5 2  
0 . 0 7 7  0 . 8 18  0 . 10 4  0 . 0 7 8  
0 . 18 1  0 . 6 6 9  0 . 1 5 1  0 . 18 0  
0 . 2 9 5  0 . 8 5 6  0 . 0 57  0 . 0 8 7  
0 . 22 0  0 . 7 9 8  0 . 0 9 7  0 . 10 5  
0 . 3 34  0 . 8 7 5  0 . 04 2  0 . 0 8 3  

(cont . )  

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Commercial sample , dried and 
carbon dioxide removed . Purity 
better than 9 9 . 9  mole per cent . 

2 .  Phillips Petroleum Co . sample , 
purity better than 9 9 . 9 5 mole 
per cent . 

3 .  Phillips Petroleum Co . sample , 
purity about 9 9 . 5  mole per cent , 
maj or impurity 2-methylbutane . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 6 ;  oP/MPa = ± 0 . 0 1 5 ; 

Ox , Oy = ± 0 . 0 0 1 .  

REFERENCES : 



Alkanes:  Ternary and Multicomponent Systems 391 

COMPONENTS : ORIGINAL MEASUREMENTS: 

1 .  Methane ; CH4 ; [ 74-82-8 ]  Carter , R.  T . ; Sage , B .  H . ; 

2 .  Propane ; C 3 Ha ; [ 74-98-6 ] Lace y ,  w. N .  
Trans . Am . Ins t .  Me t .  Min .  Engnrs . 

3 .  Pentane ; CsH 1 2 ;  [ 10 9 - 6 6- 0 ]  1 9 4 1 ,  1 4 2 ,  1 7 0-17 7 .  

EXPERIMENTAL VALUES : 

Smoothed Data 

Mole fraction 
T/K P /MPa Composition a in liquid in vapor 

(T/ ° F )  (P/psi ) parameter , xCH 4 xC 3 Ha xCsH 1 2  YcH4 Yc 3 Ha YcsH1 2 c 

3 1 0 . 9  3 . 4 5 0 0 . 16 0  o . o  0 . 8 4 0  0 . 9 4 0  0 . 0  0 . 06 0  
( 1 0 0 )  ( 5 0 0 )  0 . 2  0 . 15 2  0 . 1 70  0 . 6 7 8  0 . 8 6 6  0 . 08 5  0 . 04 9  

0 . 4  0 . 14 3  0 . 34 3  0 . 5 1 4  0 . 78 8  0 . 17 3  0 . 0 3 9  
0 . 6  0 . 13 5  0 . 519  0 . 34 6  0 . 7 0 8  0 . 26 2  0 . 03 0  
0 . 8  0 . 12 6  0 . 6 9 9  0 . 17 5  0 . 6 1 3  0 . 3 6 5  0 . 02 2  
1 . 0  0 . 1 1 8  0 . 8 8 2  0 0 . 5 1 6  0 . 4 84 0 . 0  

6 . 8 9 0 0 . 3 0 8  o . o  0 . 6 9 2  0 . 9 4 7  0 . 0 0 0 . 05 3  
( 1 0 0 0 )  0 . 2  0 . 3 0 6  0 . 13 9  0 . 5 5 5  0 . 9 0 1  0 . 0 5 6  0 . 0 4 3  

0 . 4  0 . 30 4  0 . 2 7 8  0 . 4 1 8  0 . 8 53  0 . 11 2  0 . 0 3 5  
0 . 6  0 . 3 0 2  0 . 4 19 0 . 2 7 9  0 . 79 9  0 . 1 7 4  0 . 0 2 7  
0 . 8  0 . 3 0 4  0 . 5 5 7  0 . 13 9  o.  7 2 3  0 . 25 5  0 . 02 2  
1 . 0  0 . 3 2 1  0 . 6 7 9  0 0 . 6 4 0 . 3 6 0 

10 . 34 0 0 . 9 4 1  0 . 0  0 . 0 5 9  0 . 94 1  0 0 . 0 5 9  
( 15 0 0 )  0 . 2  0 . 9 0 0  0 . 0 4 9  0 . 0 5 1  0 . 9 0 0  0 . 04 9  0 . 0 5 1  

0 . 4  0 . 8 5 3  0 . 0 9 9  0 . 04 8  0 . 8 5 3  0 . 09 9  0 . 0 4 8  
0 . 6  0 . 7 9 4  0 . 16 0  0 . 0 4 6  0 . 7 9 4  0 . 16 0  0 . 04 6  
0 . 8  0 .  7 1 1  0 . 24 6  0 . 0 4 3  o .  7 1 1  0 . 2 4 6  0 . 0 4 3  

1 3 . 7 9 0 o. 9 14 0 0 . 0 8 6  0 . 9 14 0 0 . 0 8 6  
( 2 0 0 0 )  0 . 2  0 . 8 7 1  0 . 0 4 6  0 . 0 8 3  o .  8 7 1  0 . 04 6  0 . 08 3  

0 . 4  0 . 8 0 1  0 . 0 9 6  0 . 10 3  0 . 8 0 1  0 . 0 9 6  0 . 10 3  

a 
c = 

Mole fraction of ErOEane 
Mole fraction of propane + Mole fraction of pentane 



392 Alkanes: Ternary a nd Multicomponent Systems 

COMPONENTS: ORIGINAL MEASUREMENTS: 

1 .  Methane 1 CH 4 1  [ 74-8 2-8 ] Dourson , R .  Ho� Sage , B .  Ho� 

2 .  Propane 1 C 3 Ha 1 [ 74-98-6 ] Lacey , w. N. 

3 .  Pentane 1 CsH 1 2 1  [ 10 9-6 6-0 ] Trans .  Am. Ins t .  Me t .  Min .  Engnrs . 

19 4 3 ,  1 5 1 ,  2 0 6 - 2 1 5 . 

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES: 

in liquid Mole fraction in vapor 
T/K P/MPa xCH 4 xC 3 Ha xCsH 1 2  YcH4 Yc 3 Ha YcsH 1 2  

( T / °F )  (P/psi ) 

3 4 4 . 3  3 . 4 5  0 . 119  0 . 14 1  0 . 7 4 0  0 . 7 6 8  0 . 10 6  0 . 1 2 6  
( 16 0 )  ( 5 0 0 )  0 . 12 1  0 . 17 5  0 . 7 04  0 . 7 3 6  0 . 1 5 2  0 . 11 2  

0 . 116 0 . 2 5 9  0 . 6 2 5  0 . 6 6 1  0 . 23 8  0 . 10 1  
0 . 1 07  0 . 4 2 1  0 . 4 7 2  0 . 56 3  0 . 3 5 0  0 . 0 8 7  
0 . 10 3  0 . 4 7 4 0 . 4 2 3  0 . 52 4  0 . 4 0 6  0 . 0 70  
0 . 0 9 8  0 . 5 2 2  0 . 3 8 0  0 . 4 8 5  0 . 4 3 9  0 . 0 7 6  
0 . 0 7 5  0 . 6 9 3  0 . 2 3 2  0 . 3 5 2  0 . 5 9 5  0 . 0 5 3  

6 . 8 9  0 . 26 1  0 . 12 4  0 . 6 1 5  0 . 8 4 0  0 . 0 6 8  0 . 0 9 3  
( 1 0 0 0 )  0 . 27 2  0 . 2 8 7  0 . 4 4 1  0 . 7 6 1  0 . 1 5 7  0 . 08 2  

0 . 24 7  0 . 3 9 9  0 . 3 54  0 . 6 7 8  0 . 24 9  0 . 0 7 3  
0 . 24 8  0 . 4 9 1  0 . 2 6 1  0 . 6 13 0 . 3 2 4  0 . 06 3  
0 . 24 6  0 . 5 8 3  0 . 17 1  0 . 54 3  0 . 4 0 6  0 . 0 5 1  

10 . 34 0 . 4 0 1  0 . 18 1  0 . 4 18 0 . 7 9 8  0 . 10 5  0 . 0 9 7  
( 1 5 0 0 )  0 . 4 1 4  0 . 3 2 1  0 . 2 6 5  0 . 6 7 9  0 . 2 2 3  0 . 09 8  

0 . 4 3 4 0 . 3 57  0 . 2 0 9  0 . 6 3 4  0 . 2 7 2  0 . 0 9 4  
1 3 . 7 9  0 . 5 3 8  0 . 0 5 6  0 . 4 0 6  0 . 8 2 0  0 . 0 3 8  0 . 14 2  

( 20 0 0 )  0 . 54 0  0 . 14 0  0 . 3 2 0  o .  7 7 0  0 . 0 7 6  0 . 1 5 4  
3 7 7 . 6  3 . 4 5 0 . 0 9 1  0 . 16 0  0 . 74 9  0 . 5 7 1  0 . 19 0  0 . 2 3 9  

( 2 2 0 )  ( 50 0 )  0 . 0 6 2  o .  3 7 7  0 . 56 1  0 . 34 5  0 . 4 5 1  0 . 2 0 4  
0 . 0 6 1  0 . 3 8 9  0 . 5 50  0 . 3 2 9  0 . 4 7 2  0 . 1 9 9  
0 . 04 3  0 . 57 0  0 . 3 8 7  0 . 17 0  0 . 6 6 6  0 . 16 4  
0 . 0 1 0  0 . 6 9 7  0 . 2 9 3  0 . 05 9  0 . 8 0 9  0 . 1 3 2  

(cont . )  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

S tatic equilibrium cell , agitated 

mechanical l y .  Samples withdrawn 
so as not to disturb equilibrium . 
Pressure measured with pressure 

balance . Samples analysed by low 
temperature fractionation . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Commercial sample , dried and 
carbon dioxide remove d .  Purity 
better than 9 9 . 9  mole per cent . 

2 .  Phillips Petroleum Co . sample , 
purity better than 99 . 5  mole per 
cent . 

3 .  Phillips Petroleum Co . sample , 
about 9 9 . 5  mole per cent 1 major 
impurity 2-methylbutane . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 6 1 oP/MPa = ± 0 . 01 5 1 

Ox , Oy = ± 0 . 0 0 1 .  

REFERENCES : 



Alkanes: Ternary and Multicomponent Systems 393 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ] Dourson , R.  H . ; · Sage, B .  H . ; 

2 .  Propane ; CsHa ; [ 7 4-9 8 - 6 ] Lacey , w. N .  

3 .  Pentane ; CsH 1 2 1  [ 109-66-0 ] Trans . Am. Ins t .  Me t .  Min . Engnrs . 

19 4 3 ,  1 5 1 , 2 0 6 - 2 1 5 . 

EXPERIMENTAL VALUES : 

Mole fraction 
T/K P /MPa in liquid in vapor 

( T/ ° F )  (P/psi)  XCH4 xCsHa XCsH 1 2  YcH4 YcsHa YcsH 1 z  

3 7 7 . 6  6 . 8 9  0 . 2 2 8  0 . 1 3 8  0 . 6 3 4  o.  7 1 4  0 . 1 0 6  0 . 18 0  
( 22 0 )  ( 10 0 0 )  0 . 2 2 3  0 . 19 2  0 . 5 8 5  0 . 6 6 9  0 . 15 5  0 . 17 6  

0 . 2 1 4  0 . 3 0 6  0 . 4 8 0  0 . 56 6  0 . 26 4  0 . 17 0  
0 . 2 0 8  0 . 3 7 0  0 . 4 2 1  0 . 5 2 1  0 . 318  0 . 16 1  
0 . 19 7  0 . 516  0 . 2 8 7  0 . 3 9 7  0 . 4 6 3  0 . 14 0  

1 0 . 3 4 0 . 3 9 0  0 . 13 3  0 . 4 7 7  0 . 6 8 9  0 . 1 0 8  0 . 2 0 3  
( 1 5 0 0 )  0 . 3 8 8  0 . 22 8  0 . 3 8 4  0 . 5 98  0 . 19 4  0 . 3 8 8  

0 . 4 22  0 . 26 2  0 . 3 16  0 . 54 2  0 . 2 3 9  0 . 21 9  

Smoothed Data 

T/K P /MPa in liquid Mole fraction in vapor 
( T / ° F )  (P / p s i )  ca 

XCH4 XCsHa XCsH 1 2  YcH4 YcsHa YcsH 1 z  

3 4 4 . 3  3 . 4 5 0 . 0  0 . 1 3 6  o . ooo 0 . 8 6 4  0 . 8 6 7  0 . 0 00  0 . 133  
( 1 6 0 )  ( 5 0 0 )  0 . 2  0 . 12 4  0 . 17 5  0 . 7 0 1  0 . 74 3  0 . 14 5  0 . 11 2  

0 . 4  0 . 112 0 . 3 5 5  0 . 5 3 3  0 . 6 1 2  0 . 2 9 7  0 . 0 9 1  
0 . 6  0 . 0 9 5  0 . 54 3  0 . 36 2  0 . 4 7 2  0 . 4 6 1  0 . 0 6 7  
0 . 8  0 . 0 7 4  0 . 74 1  0 . 18 5  0 . 3 2 2  0 . 6 3 9  0 . 0 3 9  
1 . 0  0 . 0 4 3  0 . 9 5 7  0 . 0 00  0 . 15 9  0 . 8 4 1  0 . 0 0 0  

6 . 8 9  0 . 0  0 . 27 4  o . ooo o. 7 2 6  0 . 8 9 3  0 . 0 0 0  0 . 107  
( 1 0 0 0 )  0 . 2  0 . 26 6  0 . 14 7  0 . 58 7  0 . 8 2 6  0 . 0 8 0  0 . 0 9 4  

0 . 4  0 . 26 1  0 . 29 6  0 . 4 4 3  0 . 7 52  0 . 16 8  0 . 0 8 0  
0 . 6  0 . 25 5  0.4 4 7  0 . 29 8  0 . 6 5 7  o.  2 7 7  0 . 0 6 6  
0 . 8  0 . 24 5  0 . 6 0 4  0 . 1 5 1  0 . 5 1 2  0 . 4 3 9  0 . 04 9  
1 . 0  0 . 2 9 7  0 . 7 03  0 . 0 00  0 . 3 6 1  0 . 6 3 9  0 . 0 0 0  

10 . 34 o. o 0 . 3 9 8  0 . 0 0 0  0 . 6 0 2  0 . 8 8 5  o. ooo 0 . 11 5  
( 15 0 0 )  0 . 2  0 . 3 9 7  0 . 1 2 1  0 . 4 8 2  0 . 8 2 9  0 . 06 8  0 . 1 03  

0 . 4  0 . 4 0 0  0 . 24 0  0 . 3 6 0  0 . 7 5 8  0 . 14 7  0 . 09 5  
0 . 6  0 . 4 12 0 . 35 3  0 . 2 3 5  0 . 6 4 5  0 . 2 5 8  0 . 09 7  

1 3 . 7 9 o . o  0 . 5 4 5  o. ooo 0 . 4 55 0 . 8 5 5  0 . 0 0 0  0 . 14 5  
( 2 0 0 0 )  0 . 2  0 . 54 6  0 . 0 9 1  0 . 36 3  .. 0 .  7 8 9  0 . 0 7 3  0 . 13 8  

3 7 7 . 6  3 . 4 5  0 . 0  0 . 115  0 . 0 0 0  0 . 8 8 5  0 .  7 2 8  0 . 0 00  0 . 2 7 2  
( 50 0 )  0 . 2  0 . 0 8 8  0 . 18 2  0 . 7 3 0  0 . 54 7  0 . 21 5  0 . 2 3 8  

0 . 4  0 . 06 5  0 . 37 4  0 . 56 1  0 . 3 5 9  0 . 4 4 1  0 . 2 00  
0 . 6  0 . 0 3 9  0 . 5 77  0 . 3 8 4  0 . 16 7  0 . 6 8 0  0 . 1 5 3  

6 . 8 9 o . o 0 . 2 5 1  o. ooo 0 . 74 9  0 . 7 9 8  0 . 0 0 0  0 . 20 2  
( 1 0 0 0 )  0 . 2  0 . 2 3 0  0.15 4  0 . 6 1 6  0 . 6 9 8  0 . 12 2  0 . 18 1  

0 . 4  0 . 2 1 3  0.3 1 5  0 . 4 7 2  o .  5 7 7  0 . 26 0  0 . 16 3  
0 . 6  0 . 2 08 0 . 4 7 5  0 . 3 17 0 . 4 3 6  0 . 4 2 0  0 . 14 4  

10 . 34 o . o  0 . 3 8 2  0 . 0 0 0  0 . 6 1 8  0 . 7 9 4  0 . 0 0 0  0 . 2 0 6  
( 1 5 0 0 )  0 . 2  0 . 3 74  0 . 12 5  0 . 5 0 1  0 . 6 9 5  0 . 09 9  0 . 2 0 6  

0 . 4  0 . 4  0 . 3 8 5  0 . 24 6  0 . 3 6 9  o .  577  0 . 2 0 7  0 . 216  

a 

c = 
mole fraction of propane 

mole fraction of propane + mole fraction of pentane 



394 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS: 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  
2 .  Propane ; C 3 H 8 ; [ 7 4 - 9 8 - 6 ]  
3 .  Heptane ; C 1H 1 6 1 [ 1 42-82-5 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 
(Tj DF )  (P/psi ) XCH � 

2 4 4 . 2 6 0 . 6 8 9  0 . 0 48  
(-20 )  ( 100 )  0 . 05 0  

0 . 04 7  
1 .  3 8  0 . 100  
( 2 0 0 )  0 . 0 9 8  

0 . 102  
2 . 76 0 . 19 0  
( 4 0 0 )  0 . 197 
4 . 14 0 . 2 64  
( 6 0 0 )  0 . 2 68  

0 . 27 3  
5 . 5 2 0 . 3 61 
(BOO)  0 . 4 0 5  
6 . 8 9 0 . 4 26 

( 1 0 0 0 )  
2 3 3 . 15 0 . 6 8 9  0 . 05 6  
(-4 0 )  (100 )  0 . 057  

0 . 05 6  
1 .  3 8  0 . 112 
( 2 0 0 )  0 . 1 16 

ORIGINAL MEASUREMENTS : 

Van Horn , L .  D . ; Kobayashi , R .  
J .  Chern .  Engng . Data 

1967 , 1 2 ,  2 9 4 -303 . 

P REPARED BY : 

C .  L .  Young 

Mole fractions 
in liquid in vapor 

XC 3 H e  XC 1H 1 6 YcH� Yc3Ha 

0 . 132 0 . 82 0  0 . 9595  0 . 0 4 0 5  
0 . 25 5  0 . 6 95  0 . 9 2 3 3  0 . 07 6 7  
0 . 4 2 8  0 . 5 2 5  0 . 8691  0 . 1309  
0 . 12 7  o .  773  0 . 97 8 4  0 . 0216  
0 . 2 36 0 . 666  0 . 9595  0 . 0 4 0 5  
0 . 4 5 0  0 . 4 4 8  0 . 9 2 3 3  0 . 0767  
0 . 17 8  0 . 632  0 . 9 8 0 0  0 . 0 2 0 0  
0 . 3 6 2  0 . 4 4 1  0 . 9 5 9 5  0 . 0 4 0 5  
0 . 19 9  0 . 5 37 0 . 9 8 0 0  0 . 0 2 0 0  
0 . 1 9 8  0 . 5 34 0 . 9 7 8 4  0 . 0216 
0 . 4 04  0 . 3 23 0 . 9 5 9 5  0 . 0 4 0 5  
0 . 19 3  0 . 44 6  0 . 9 7 8 4  0 . 0216 
0 . 353 0 . 24 2  0 . 9 5 9 5  0 . 0 4 0 5  
0 . 17 2  0 . 4 0 2  0 . 97 8 4  0 . 0216  

0 . 101  0 . 8 4 3  0 . 98 0 0  0 . 0 2 0 0  
0 . 2 0 5  0 . 7 3 8  0 . 9595  0 . 0 4 0 5  
0 . 397  0 . 547  0 . 9 2 3 3  0 . 0767  
0 . 18 0  0 . 7 0 8  0 . 9 8 0 0  0 . 02 0 0  
0 . 36 0  0 . 52 4  0 . 9 5 9 5  0 . 0 4 0 5  

(cont . )  

AUXI L IARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The solubilities were determined by 
measurement of retention volumes 
us ing gas chromatography . The 
method uses methane as a carrier gas , 
propane as an inj ected solute and 
heptane as the stationary phase . 
The technique is described in the 
source and in ref . ( 1 ) . 

SOURCE AND PURI TY OF MATERIALS: 

1 and 2 .  Major impurities were 
carbon dioxide and 
nitrogen amount to about 
0 . 2  mole per cent . 

3 .  Research grade . 

ESTIMATED ERROR: 

oT/K = ± 0 . 05 ;  oP/psi = ± 1 , P s 
1 , 00 0  psia , ± 2 ,  P � 1 , 000  psia ; 
ox , oy = ± 1 . 5 % . 

REFERENCES : 

1 .  Koonce , K .  T .  
Ph . D . thesis,  Rice Unive�si ty, 

Houston , 19 6 3 . 
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COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-B2-B ]  Van Horn , L .  p.; Kobayashi ,  R .  

2 .  Propane ; C3Ha ; [ 7 4-9B-6 ] J .  Chem . Engng . Data 

3 .  Heptane ; C7H 1 6 ; [ 1 4 2-B2-5 ] 1 9 6 7 , 1 2, 2 94-303 . 

EXPERIMENTAL VALUES : 
Mole fractions 

in l iquid in vapor 
T/K P/MPa 

(TjCF) (P/psi )  .'l:CH4 .'l:C3Ha xc,HlG YcH4 Yc 3 Ha 

233 . 15 2 . 7 6 0 . 2 1 1  0 . 12B o. 661 . 0 . 9 9 0 2  0 . 0 0 9B 
( 4 0 0 )  0 . 21B 0 . 2 5 9  0 . 5 23 0 . 9BOO 0 . 0 2 0 0  

0 . 22 4  0 . 373 0 . 4 03 0 .  9 7 13 0 . 0 2B7 
0 . 233 0 . 52 4  0 . 2 43 0 . 9 5 9 5  0 . 0 4 0 5  

4 . 14 0 . 30 7  0 . 143 0 . 5 50  0 . 9B94 0 . 0 1 0 6  
( 6 0 0 )  0 . 333 0 . 3B3 0 . 2B4 0 .  9 7 13 0 . 02B7 
5 . 52 0 . 3B5 0 . 132 0 . 4B3 0 . 9B94 0 . 0 1 0 6  
(BO O )  0 . 4 1 4  0 . 332 0 . 2 5 4  o.  9 7 13 0 . 0 2B7 
6 . B9 0 . 4 5 4  0 . 10 9  0 . 437 0 . 9B94 0 . 0 1 0 6  

( 1 0 0 0 )  0 . 5 01 0 . 193 0 . 30 6  0 . 9 7B4 0 . 0 2 1 6  

2 22 . 04 0 . 6B9 0 . 0 6 5  O . OBO O . B55 0 . 9 9 0 2  0 . 0 0 9B 
(-6 0 )  ( 1 0 0 )  0 . 0 6 5  0 . 15B 0 .  7 7 6  0 . 9BOO 0 . 0 2 0 0  

0 . 0 6 5  0 . 235 0 . 7 0 0  o.  9 713 0 . 02B7 
0 . 0 6 7  0 . 331 0 . 6 0 2  0 . 9 5 9 5  0 . 0 4 0 5  
0 . 0 7 0  0 . 6 5 1  0 . 2 7 9  0 . 9233 0 . 0 7 6 7  

1 .  3B 0 . 131 0 . 2 7 5  0 . 5 9 4  0 . 9BOO 0 . 0 2 0 0  
( 2 0 0 )  0 . 134 0 . 4 0 2  0 . 4 6 4  0 . 9 7 13 0 . 0 2B7 
2 . 7 6 0 . 239 0 . 1B4 o.  5 7 7  0 . 9 9 0 2  0 . 0 0 9B 
( 4 00 )  0 . 2 4 4  0 . 2 0 4  0 . 5 5 2  0 . 9B94 0 . 0 1 0 6  

0 . 2 4 2  0 . 3BB 0 . 370 0 . 9BOO 0 . 0 2 0 0  
4 . 14 0 . 353 0 . 19 5  0 . 4 5 2  0 . 9B9 4 0 . 0 1 0 6  
( 60 0 )  0 . 39 0  0 . 36 2  0 . 2 4 B  0 . 9BOO 0 . 02 0 0  
5 . 52 0 . 4 5 9  0 . 15 6  0 . 3B5 0 . 9B9 4 0 . 0 1 0 6  
(BOO )  

2 10 . 93 0 . 6B9 0 . 07 6  0 . 134 0 . 7 9 0  0 . 9 9 0 2  0 . 0 0 9B 
(-BO ) ( 1 0 0 )  0 . 0 7B 0 . 2B2 0 . 6 4 0  0 . 9BOO 0 . 0 2 0 0  

0 . 07 9  0 . 4 1 1  0 . 51 0  o .  9 7 13 0 . 02B7 
1. 3B 0 . 14 5  0 . 22 4  0 . 631 0 . 9 9 0 2  0 . 009B 
( 2 0 0 )  0 . 16 6  0 . 4 5 5  0 . 37 9  0 . 9BOO 0 . 02 0 0  
2 . 7 6 0 . 29B  0 . 2 9 0  0 . 4 1 2  0 . 9 9 0 2  0 . 0 0 9B 
( 4 0 0 )  
4 . 14 0 . 432 0 . 2 4 1  0 . 32 7  0 . 9 9 0 2  0 . 0 0 9B 
( 6 0 0 )  

1 9 9 . B2 0 . 6B9 0 . 0 9 5  0 . 24B 0 . 6 57  0 . 9 9 0 2  0 . 009B 
(-100 )  ( 1 0 0 )  0 . 10 4  0 . 4 9B 0 . 39B 0 . 9BOO 0 . 0 2 0 0  

1 .  3B 0 . 19 7  0 . 3B6 0 . 4 17 0 . 9 90 2  0 . 0 0 9B 
( 2 0 0 )  
2 . 7 6 0 . 3 9 6  0 . 39B 0 . 2 0 6  0 . 9 9 02  0 . 0 0 9B 
( 4 0 0 )  



396 Alkanes:  Ternary and Multicom ponent Systems 

COMPONENTS: ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ] Koonce, K .  T • ; Kobayashi , R.  
2 .  Propane; C 3 H a ; [ 74 - 9 8 -6 ]  J .  Chern . Eng .  Data 

3 .  Heptane ; C7H 1 5 ;  [ 142-82-5 ]  1964 , 9 ,  4 94 - 50 1 .  

VARIABLES : PREPARED BY : 

Temperature , pres sure c . L.  Young 

EXPERIMENTAL VALUES : 
Mole fractions 

in liquid in vapor 
T/K P/psi P/MPa XCH4 XC 3 H a XC 7Hl 6 YcH4 Yc 3 H a { T/° F)  

2 3 3 . 15 97  0 . 6 7 0 . 0662  0 . 0 9 5 9  0 . 8 3 7 9  0 . 9 7 9 2  0.;0208  
{-4 0 )  201  1 .  39  0 . 118  0 . 17 5  0 . 7 07 0 . 9 7 9 2  0 . 0208  

4 0 0  2 . 76 0 . 2 3 9  0 . 2 4 9  0 . 512  0 .  9792  0 . 0208  
605  4 . 1 7 0 . 3 3 8  0 . 2 61 0 . 4 0 1  0 . 9 7 9 2  0 . 0 2 0 8  
7 9 1  5 . 4 5  0 . 4 5 3  0 . 2 7 7  0 . 3 2 0  0 . 9 7 9 2  0 . 0208  
991  6 . 8 3 0 . 5 6 0  0 . 1 76 0 . 2 64  0 . 9 7 9 2  0 . 0 2 0 8  

2 4 4 . 2 6 1 0 7  0 . 7 4 0 . 0560  0 . 14 7  0 . 7 9 7  0 . 9 5 6 9  0 . 0 4 31 
{-2 0 )  2 4 0  1 . 6 5 0 . 11 1  0 . 2 7 5  0 . 614 0 . 9 5 6 9  0 . 0 4 3 1 

4 2 2  2 . 91 0 . 19 5  0 . 3 75 0 . 4 3 0  0 . 9 5 6 9  0 . 0 431  
6 0 3  4 . 16 0 . 3 0 4  0 . 37 8  0 . 318  0 . 9 5 6 9  0 . 0431  
795  5 . 4 8  0 . 414  0 . 3 39  0 . 2 4 7  0 . 9 5 6 9  0 . 0 4 31 
993  6 . 8 5 0 . 5 17  0 . 2 7 5  0 . 2 0 8  0 . 9 5 6 9  0 . 0431  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The solubilities were determined 
by measurement of retention 
volumes using gas chromatography . 
The method uses methane as a 
carrier gas , propane as an injected 
solute and heptane as the 
stationary phase . The technique 
is described in the source and 
ref .  { 1 )  • 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Sample dried; purity 9 9 . 7  mole 
per cent , 0 . 2  mole per cent 
nitrogen and 0 . 1  mole per cent 
ethane . 

2 .  Phillips Petroleum Co . sample , 
purity 99 . 5  mole per cent . 

3 .  Phillips Petroleum Co . research 
grade sample , purity 9 9 . 9 0 mole 
per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/MPa = ± 2 % ;  
ox , o y  = ± 6 %  {estimated by compiler) . 

REFERENCES : 

1 .  Koonce, K. T .  
Ph . D . Thesis  

Rice University , Houston , 1 9 6 3 .  
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COMPONENTS : 

1 .  Methane� CH 4� [ 74-8 2 - 8 ]  
2 .  Propane� C 3H8� [ 74-98-6 ] 
3 .  Octane� C8H 18� [ 111-6 5-9 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Hottovy , J .  D . ;  Kahn , J .  P . �  
Luks , K .  D .  
J .  Chern .  Eng . Data 

19 8 2 , 2 7 ,  2 9 8-3 0 2 . 

PREPARED BY : 

C .  L .  Young 

Data for octane-lean liquid phase . 

Type of data T/K 

2 1 3 . 07 
2 10 . 6 5 
2 0 6 . 8 3 
2 0 5 . 7 2 
2 0 4 . 72 
2 0 1 .  9 2  
1 9 9 . 7 0 
1 9 9 . 6 1 
1 9 9 . 0 5 
1 9 8 . 9 0 
1 9 8 . 58 
1 9 8 . 4 9  
1 9 8 . 0 3 
1 9 7 . 9 0 
1 9 7 . 8 6 
1 9 7 . 6 1 
1 9 7 . 31 
1 9 7 . 2 5 
1 9 6 . 8 1 
2 11 . 0 6 
2 1 0 . 5 3 

P/atm 

6 7 . 7  
6 5 . 1  
6 0 . 9  
5 9 . 5  
5 8 . 7  
5 6 . 0  
53 . 8  
53 . 5  
5 2 . 3  
5 1 . 7  
5 1 . 1  
50 . 8  
4 9 . 5  
4 9 . 8  
4 9 . 1  
4 9 . 0  
4 8 . 3  
4 7 . 8  
4 7 . 0  
6 4 . 8  
6 4 . 1  

P /MPa 

6 . 8 6 
6 . 6 0  
6 . 17 
6 . 0 3 
5 . 95 
5 . 6 7 
5 . 4 5  
5 . 4 2 
5 . 3 0 
5 . 2 4 
5 . 18 
5 . 1 5 
5 . 0 2 
5 . 0 5 
4 . 9 8 
4 . 9 8 
4 . 8 9  
4 . 8 4 
4 . 7 6  
6 . 57 
6 . 4 9  

Mole fractions 

0 . 07 8  
0 . 0 6 5  
0 . 050  
0 . 0 4 4  
0 . 0 3 9  
0 . 0 2 8  
0 . 0 2 7  
0 . 0 2 9  
0 . 0 3 9  
0 . 04 3  
0 . 0 4 7  
0 . 0 5 1  
0 . 0 6 1  
0 . 06 3  
0 . 06 6  
0 . 0 6 9  
0 . 07 6  
0 . 0 7 9  
0 . 10 7  
0 . 12 3  
0 . 1 20  

0 . 0 0 8 3  
0 . 0 0 4 8  
0 . 0 0 3 9  
0 . 0 0 3 6  
0 . 0 0 2 6  
0 . 0 0 1 6  
0 . 0 0 2 2  
0 . 0 0 2 6  
0 . 0 0 5 1  
0 . 0 0 6 1  
0 . 0 0 7 3  
0 . 0 0 9 1  
0 . 0 1 2 5  
0 . 0134  
0 . 0 1 4 6  
0 . 0 1 5 8  
0 . 0 1 9 0  
0 . 0 2 1 2  
0 . 0 3 8 5  
0 . 0 3 1 6  
0 . 0 3 1 9  

(cont . )  

Molar 
volume 

/cm 3mol- 1 

7 3 . 7  
7 5 . 4  
7 8 . 3  
8 0 . 3  
8 3 . 8  
8 8 . 4  
7 7 . 8  
7 3 . 7  
6 8 . 6  
6 6 . 5  
6 4 . 8  
6 4 . 3  
6 1 . 1  
6 1 . 8  
6 1 . 3  
6 0 . 8  
5 9 . 7  
5 9 . 1  
5 8 . 9  
6 2 . 9  
6 1 . 4  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Glass equilibrium cell .  
Temperature measured with platinum 
resistance thermometer and pressure 

with Bourdon gauge . Stoichiometry 
and volumetric measurements were 

used to compute liquid phase 

compositions and molar volumes . 
Details in ref .  1 and source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Linde Ultrapure grade , purity 

9 9 . 97 mole per cent . 

2 .  Linde Instrument grade , purity 

9 9 . 5  mole per cent . 

3 .  Humphrey-Wilkinson grade , purity 

9 9  mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 03� oP/MPa = ± 0 . 07� 
oxC H = ± 3 . 5 % 1 oxC H = ± 2 %  

3 8 8 1 8 
(octane rich phase) � x oc H = ± 8 %  
i octane lean nhase i . 8 1 8 

REFERENCES : 

1 .  Kahn , J .  P .  

Am . Ins t .  Chern .  Engn�s .  J .  

1 9 6 1 , 7 ,  5 1 4 . 
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COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane; CH4;  [ 7 4 - 8 2-8 ]  Hottovy , J .  D . ;  Kohn , J .  P . :  

2 .  Propane; CsHa; [ 7 4 - 9 8-6 ]  Luks , K .  D .  

3 .  Octane; CaH 1a 1  [ 11 1-65-0 ] J . Chern . Eng . Data 

1 9 8 2 , 2 7 ,  2 9 8-3 0 2 . 

EXPERIMENTAL VALUES : 
Data for octane-lean l iquid phase . 

Molar 
Type of data T / K  P/atm P/MPa Mole fractions volume 

XC sH e :x:CaH l8 /cm3mol
- 1 

LCST (L 1 =L2 -V)  2 0 5 . 9 9 5 8 . 4  5 . 9 2 0 . 13 4  0 . 0 5 1 9  6 1 . 4  
2 0 4 . 9 3 5 7 . 1  5 . 7 9 0 . 13 0  0 . 0 5 0 3  6 1 . 4  
2 0 3 . 9 6 5 5 . 8  5 . 6 5 0 . 1 2 8  0 . 0 4 9 3  6 0 . 6  
2 01 . 11 5 2 . 3  5 . 3 0 0 . 13 1  0 . 06 1 9  6 0 . 8  
1 9 9 . 7 1 5 0 . 4  5 . 11 0 . 12 6  0 . 0 5 9 4  6 0 . 1  
1 9 7 . 82 4 8 . 2  4 . 8 8 0 . 12 1  0 . 0 5 6 7  5 9 . 9  

Lt-L2 -V 2 0 9 . 5 4 6 3 . 5  6 . 4 3 0 . 07 5  0 . 0 0 8 3  5 9 . 9  
2 0 8 . 7 9 6 1 . 0  6 . 18 0 . 1 1 1  0 . 02 8 3  6 1 . 1  
2 0 7 . 7 9 6 1 . 7  6 . 2 5 0 . 0 6 9  0 . 0 0 7 3  6 4 . 5  
2 0 7 . 0 4 5 9 . 0  5 . 9 8 0 . 10 6  0 . 02 6 8  6 1 . 5  
2 0 5 . 31 5 6 . 9  5 . 77 0 . 10 1  0 . 0 2 5 7  6 2 . 0  
2 0 4 . 0 0 5 7 . 6  5 . 8 4 0 . 0 5 0  0 . 0 0 5 7  7 2 . 5  
2 0 4 . 00 5 7 . 3  5 . 8 1 0 . 05 5  0 . 0 0 7 0  6 8 . 4  
2 0 4 . 00 5 7 . 2  5 . 8 0 0 . 05 9  0 . 0 0 7 1  6 6 . 3  
20 4 . 00  5 6 . 0  5 . 67 0 . 0 8 7  0 . 0 0 2 2  6 1 . 4  
2 0 3 . 4 7 5 5 . 3  5 . 6 0 0 . 0 8 8  0 . 0 0 2 4  6 0 . 0  
2 0 3 . 20 5 6 . 2  5 . 6 9 0 . 05 9  0 . 0 0 9 0  6 3 . 1  
2 0 3 . 20 5 6 . 8  5 . 7 6 0 . 04 9  0 . 0 5 5 0  7 0 . 8  
2 0 2 . 7 4 5 6 . 5  5 .  7 2  0 . 0 3 9  0 . 0 0 4 5  7 6 . 4  
2 0 2 . 23 5 5 . 2  5 . 59 0 . 0 5 2  0 . 0 0 7 2  6 4 . 2  
2 02 . 0 0 5 4 . 9  5 . 5 6 0 . 0 5 4  0 . 0 0 8 1  6 7 . 2  
2 0 2 . 0 0 5 4 . 7  5 . 54 0 . 05 9  0 . 0 0 9 7  6 5 . 8  
2 0 2 . 0 0  5 4 . 3  5 . 50 0 . 06 6  0 .  0 1 1 1  6 4 . 6  
2 02 . 0 0 5 4 . 0  5 . 47 0 . 07 3  0 . 0 1 2 9  6 2 . 9  
2 0 2 . 00 5 3 . 3  5 . 4 0 0 . 08 9  0 . 0 2 4 3  6 0 . 5  
2 0 2 . 00 5 5 . 2  5 . 59 0 . 04 9  0 . 0 0 7 0  6 9 . 3  
2 0 1 .  57  5 4 . 6  5 . 5 3 0 . 04 1  0 . 0 0 5 0  6 6 . 7  
2 01 . 04 5 4 . 2  5 . 4 9 0 . 0 4 8  0 . 0 0 6 9  6 8 . 2 
20 0 . 70 5 1 . 8  5 . 25 0 . 0 9 0  0 . 0 2 4 7  5 9 . 5  
2 0 0 . 0 9 5 4 . 1  5 . 4 8 0 . 02 8  0 . 0 0 2 3  7 6 . 7  
2 0 0 . 10 5 3 . 6  5 . 4 3 0 . 03 8  0 . 0 0 4 4  7 1 . 1  
2 0 0 . 12 5 3 . 2  5 . 39 0 . 0 4 3  0 . 0 0 5 4  6 8 . 6  
2 0 0 . 11 5 3 . 1  5 . 3 8 0 . 0 4 6  0 . 0 0 6 2  6 7 . 5  
2 0 0 . 10 5 2 . 9  5 . 36 0 . 0 4 9  0 .  0 7 7 0  6 7 . 1  
2 0 0 . 10 5 2 . 2  5 . 2 9 0 . 0 6 0  0 . 0 1 1 4  6 3 . 5  
2 0 0 . 10 5 1 . 9  5 . 2 6 0 . 0 6 6  0 . 0 1 3 4  6 3 . 1  
2 0 0 . 10 5 1 . 4  5 . 21 0 . 07 6  0 . 0 1 6 9  6 1 . 4  
2 0 0 . 09 5 1 . 0  5 . 17 0 . 0 9 2  0 . 0 2 5 5  6 0 . 0  
2 0 0 . 03 5 3 . 2  5 . 3 9 0 . 0 6 4  0 . 0 1 3 4  6 3 . 2  
1 9 9 . 9 9 5 3 . 1  5 . 38 0 . 0 4 4  0 . 0 0 6 5  6 5 . 1  
1 9 9 . 9 4  5 3 . 3  5 . 4 0 0 . 0 3 9  0 . 0 0 5 2  6 7 . 6  
1 9 9 . 0 3 5 0 . 1  5 . 0 8 0 . 0 8 4  0 . 02 2 6  5 9 . 3  
1 9 8 . 42 4 9 . 3  4 . 00 0 . 0 8 5  0 . 02 3 0  5 9 . 3  
1 9 8 . 4 0 4 9 . 7  5 . 0 4 0 . 07 4  0 . 02 0 9  6 0 . 4  
1 9 8 . 00 4 9 . 3  s. oo 0 . 0 6 5  0 . 0 1 4 3  6 1 . 5 
1 9 8 . 00 4 8 . 9  4 . 95 0 . 0 7 9  0 . 0 1 9 7  6 0 . 6  
1 9 8 . 0 0 4 8 . 4  4 . 9 0  0 . 09 4  0 . 0 2 8 5  6 0 . 6  

(cont . )  
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COMPONENTS : ORIGINAL MEAS UREMENTS : 

1 .  Hethane ; CH4 ; [ 7 4-8 2-8 ] Hottovy , J. K . ; Kohn , J. p.; 
2 .  Propane ; C s H e ; [ 7 4-98-6 ]  Luks , K .  D .  
3 .  Octane ; C a H l 8 ;  [ 111-6 5-9 ] J.  Chern.  Eng . Data 

1982 , 2 7 ,  2 9 8 -302 . 

EXPERIMENTAL VALUES : 
Data for octane-rich liquid phase . 

Molar 
Type of data T/K P/atm P/MPa Mole fractions volume 

xC s H e  xC e H l 8 /cm 3mol- 1  

K (L 1 -L2=V) 212 . 9 6 6 7 . 6  6 . 8 5 0 . 15 0  0 . 05 2  6 2 . 8  
21 0 . 40 6 4. 2 6 . 51 0 . 16 5  0 . 09 2  64. 5 
2 0 8 . 9 1 6 3 . 2  6 . 40 0 . 16 4  0 . 10 7  6 8 . 1  
2 0 5 . 54  59 . 5  6 . 0 3 0 . 16 0  0 . 153 6 9 . 4  
202 . 8 6 56 . 8  5 . 7 6 0 . 144 0 . 19 4  7 1 . 1  
2 0 1 . 5 0 5 5 . 7  5 . 6 4 0 . 136 0 . 20 5  7 0 . 1  
2 0 0 . 98 5 5 . 2  5 . 5 9 0 . 13 2  0 . 217 71 . 6  

Q ( S-L t -L2 -V) 1 9 9 . 17 5 2 . 5  5 . 3 2 0 . 12 9  0 . 218  71 . 6  
199 . 0 5 5 2 . 1  5 . 2 8 0 . 13 0  0 . 212 7 0 . 5  
19 8 . 7 1 51 . 5  5 . 2 2 0 . 13 3  0 . 19 8  6 9 . 3  
1 9 8 . 6 9  51 . 4  5 . 21 0 . 13 5  0 . 19 7  6 9 . 9  
1 9 8 . 35 5 0 . 3  5 . 10 0 . 13 5  0 . 18 0  6 6 . 5  
197 . 6 9 48 . 7  4. 9 3  0 . 142 0 . 146 6 5 . 0  
197 . 0 6 47 . 4  4. 8 0  0 . 141 0 . 09 1  61 . 2  

L t -L2 -V 2 0 8 . 35 61 . 5  6 . 2 3 0 . 141 0 . 05 5  6 0 . 8  
2 0 7 . 0 4 5 9 . 9  6 . 0 7 0 . 137  0 . 0 5 3  6 1 . 0  
206 . 52 59 . 2  6 . 0 0 0 . 13 5  0 . 05 2  61 . 0  
206 . 82 5 9 . 8  6 . 06 0 . 15 4  0 . 0 8 5  6 2 . 5  
2 0 5 . 3 0 5 7 . 6  5 . 8 4 0 . 141 0 . 06 8  6 0 . 2  
2 0 4. 47 5 8 . 6  5 . 9 4 0 . 147 0 . 151  6 3 . 6  
204. 09  5 8 . 0  5 . 8 8 0 . 151  0 . 157 6 6 . 6  
2 0 4. 0 0  56 . 8  5 . 7 6 0 . 154  0 . 13 2  6 4. 1  
2 0 4. 0 0  56 . 7  5 . 7 5 0 . 152 0 . 12 6  6 3 . 3  
2 0 4. 0 0  5 6 . 5  5 .  7 2  0 . 151  0 . 116 62 . 3  
2 0 5 . 9 3 54 . 5 5 . 52 0 . 1 47 0 . 09 1  61 . 4  
202 . 8 8 54 . 4 5 . 5 1 0 . 1 3 5  0 . 06 4  6 0 . 2  
202 . 35 5 5 . 9  5 . 6 6 0 . 134  0 . 1690  6 3 . 6  
2 0 2 . 00 5 6 . 0  5 . 6 7 0 .141 0 . 2 0 0 0  7 0 . 4  
2 0 2 . 0 0 5 5 . 9  5 . 6 6 0 . 13 9  0 . 1940 6 8 . 6  
2 0 2 . 0 0  5 5 . 7 5 . 6 4 0 . 139 0 . 18 9 0  6 8 . 1  
202 . 00 54 . 5 5 . 5 2 0 . 15 2  0 . 1490  6 5 . 5  
202 . 00 54. 0 5 . 47 0 . 151 0 . 1300  6 3 . 5  
202 . 00 53 . 7  5 . 44 0 . 148 0 . 1140 62 . 4  
201 . 6 5 5 2 . 8  5 . 3 5 0 . 144 0 . 0 8 9 0  61 . 4  
201 . 6 5 5 5 . 8  5 . 6 5 0 . 13 2  0 . 19 8 0  6 8 . 0  
2 0 0 . 48 5 3 . 9  5 . 46 0 . 133 0 . 1980  6 8 . 9  
2 00 . 48 54 . 0 5 . 47 0 . 133 0 . 2 0 0 0  6 8 . 9  
200 . 30  51 . 0  5 . 17 0 . 141 0 . 0 8 7 0  61 . 2  
2 0 0 . 0 8 53 . 8  5 . 45 0 . 130 0 . 21 8 0  71 . 5  
2 0 0 . 08 5 3 . 8 5 . 45 0 . 130 0 . 2160  71 . 2  
2 0 0 . 07  5 3 . 7  5 . 44 0 . 131 0 . 2130  7 0 . 7  
200 . 10 5 3 . 3  5 . 40 0 . 135 0 . 2020  7 0 . 0  
2 0 0 . 10 5 3 . 2  5 . 3 9 0 . 136 0 . 19 6 0  6 9 . 0  
2 0 0 . 10 5 2 . 8  5 . 3 5 0 . 13 8  0 . 1850  6 8 . 0  
2 0 0 . 07  5 2 . 3  5 . 3 0 0 . 148 0 . 16 2 0  66 . 0  
200 . 0 7 5 2 . 1  5 . 2 8 0 . 149 0 . 1520  6 5 . 2  
200 . 0 7 51 . 9  5 . 26 0 . 149 0 . 142 0  64. 4 
2 0 0 . 10 51 . 4  5 . 21 0 . 147 0 . 1260  62 . 9  
2 0 0 . 10 51 . 0  5 . 1 7 0 . 141 0 . 1030  6 0 . 3  
199 . 3 7 5 0 . 9  5 . 16 0 . 143 0 . 148 0 6 5 . 4 
19 9 . 3 3 49 . 9  5 . 0 6 0 . 13 8  0 . 0 8 5 0  61 . 2  
19 9 . 25 49 . 7  5 . 0 4 0 . 12 9  0 . 0 7 0 0  59 . 8  
1 9 8 . 0 0 49 . 0  4. 9 6  0 . 144 0 . 145 6 4. 7 
19 8 . 0 0 48 . 7  4. 9 3  0 . 146 0 . 126 6 3 . 6  
198 . 0 0 48 . 3  4. 8 9  0 . 142 0 . 102 6 2 . 5  
198 . 1 4 48 . 1  4. 8 7  0 . 13 5  0 . 0 8 3  6 0 . 8  

M-N 



400 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : 
1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Propane ; C 3 H 8 ; [ 7 4 - 98-6 ] 

3 .  Decane ; C 1 o H 2 2 1  [ 124-18-5 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Koonce , K .  T .  ; Kobayashi , R .  
J, Chern .  Eng . D ata 

1964 , 9 ,  4 9 4-501 . 

P REPARED BY : 

c .  L .  Young 

Mole fractions 
P/MPa in liquid in vapor 

2 2 4 . 26 
( - 2 0 )  

0 . 134 
0 . 2 5 2  
0 . 44 5  
0 . 6 8 9  
1 . 04 
1 .  64  
2 . 41 
3 . 11 
4 . 42 
5 . 84 
6 . 7 8 
0 . 310  
0 .  710  
1 .  39 
2 . 0 8 
2 . 7 6 
4 . 05 
5 . 52 
6 . 8 9 
0 . 56 9  
1 . 2 8  
1 . 95 

METHOD /APPARATUS /PROCEDURE : 

xCH4 

0 . 0100  
0 . 0 1 8 5  
0 . 0315  
0 . 04 8 1  
0 .  0 7 19 
0 . 114 
0 . 162 
0 . 203  
0 . 2 6 9  
0 . 33 0  
0 . 364 
0 . 0216  
0 . 04 8 7  
0 . 0 9 4 2  
0 . 1 3 9  
0 . 18 2  
0 . 2 51 
0 . 322 
0 . 3 8 3  
0 . 0 3 8 3  
0 . 0 8 4 7  
0 . 125  

AUXILI ARY 

The solubilities were determined by 
measurement of retention volumes 
us ing gas chromatography . The 
method uses methane as a carrier gas , 
propane as an inj ected solute and 
decane as the stationary phase . 
The technique is described in the 
source and ref . ( 1 ) . 

xC 3 H a xC 1 o H2 2  YcH4 Yc 3 H a 

0 . 0  0 . 9900  1 . 0  o . o  
0 . 0  0 . 9815  1 . 0  0 . 0  
0 . 0  0 . 9 6 8 5  1 . 0  0 . 0  
0 .  0 - 0 . 9 5 1 9  1 . 0  0 . 0  
0 . 0  0 . 9281  1 . 0  0 . 0  
0 . 0  0 . 8 8 6  1 . 0  0 . 0  
0 . 0  0 . 8 3 8  1 . 0  0 . 0  
0 . 0  0 . 797  1 . 0  o . o  
o . o  0 . 7 31 1 . 0  o . o  
0 . 0  0 . 6 7 0  1 . 0  0 . 0  
0 . 0  0 . 6 3 6  1 . 0  0 . 0  
0 . 0363  0 . 9 4 2 1  0 . 9 7 9 2  0 .  0208 
0 . 0 7 6 5  0 . 8 7 4 8  0 . 9792  0 .  0 2 08 
0 . 12 8  0 . 7 7 7 8  0 . 9 7 9 2  0 .  0208 
0 . 16 5  0 . 6 9 6  0 . 9792  0 .  0 2 08 
0 . 1 82 0 . 636  0 . 9792  0 .  0208 
0 . 2 02 0 . 5 4 7  0 . 9 7 9 2  0 .  0 2 08 
0 . 1 93 0 . 4 8 5  0 . 9792  0 .  0208 
0 . 1 7 0  0 . 4 4 7  0 . 9 7 9 2  0 .  0 2 08 
0 . 124  0 . 8 3 8  0 . 9 5 6 9  0 .  04 31 
0 . 2 4 1  0 . 674  0 . 9 5 6 9  0 .  0 4 31 
0 . 315  0 . 5 6 0  0 . 9 5 6 9  0 . 0 4 31 

(cont . )  

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Sample dried , purity 9 9 . 7  mole per 
cent , 0 . 2  mole per cent nitrogen 
and 0 . 1  mole per cent ethane . 

2 .  Phillips Petroleum sample , purity 
9 9 . 5  mole per cent . 

3 .  Phillips Petroleum research grade 
sample , purity 99 . 3 5 mole per 
cent.  

ESTIMATED ERROR: 

oT/K = ±0 . 1 ;  oP/MPa = ± 2 % ;  
ox , o y  = ±6%  (estimated by compiler ) .  

REFERENCES : 

1 .  Koonce , K. T .  Ph . D . Thesis  

Rice University , Houston , 19 6 3 .  
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COMPONENTS :  ORIGINAL MEASUREMENTS : 

l .  Methane� CH4 �  [ 7 4-82-8 ] Koonce , K .  T .  � Kobayashi ,  R .  

2 .  Propane� CaHa� [ 7 4 -9 8-6 ]  J . Chern . Bng .  D at a  

3 .  Decane� C 1 o H2 2 � [ 12 4-1 8-5 ]  1 9 6 4 , 91 4 9 4-5 0 1 .  

EXPERIMENTAL VALUES : 
Mole fractions 

T/K P/MPa in l iquid in vapor 

(Tj D F) xCH4 XC aHa XC 1 o H 2 2  YcH 4  YeaH a 

2 4 4 . 26 2 . 6 3  0 . 17 7  0 . 3 5 9  0 . 4 6 4  0 . 9 5 6 9  0 . 0 4 3 1  
(-2 0 )  4 . 01 0 . 2 5 9  0 . 3 9 5  0 . 34 6  0 . 9 5 6 9  0 . 0 4 31 

5 . 4 1 0 . 3 5 2  0 . 3 6 5  0 . 2 8 3  0 . 9 5 6 9  0 . 0 4 3 1  
6 . 9 5 0 . 4 2 9  0 . 3 0 6  0 . 2 6 5  0 . 9 5 6 9  0 . 0 4 31 
0 . 3 6 2  0 . 0 2 3 9  0 . 1 3 1  0 . 84 5  0 . 9 3 1 0  0 . 0 6 9 0  
0 . 7 9 3  0 . 0 5 1 7  0 . 2 6 8  0 . 6 8 0  0 . 9 31 0  0 . 06 9 0  
l .  3 6  0 . 0 8 7 0  0 . 3 7 9  0 . 5 3 4  0 . 9 3 1 0  0 . 0 6 9 0  
2 . 17 0 . 14 9  0 . 5 1 9  0 . 3 3 2  0 . 9 3 1 0  0 . 0 6 9 0  
2 . 81 0 . 1 9 8  0 . 5 8 5  0 . 2 1 7  0 . 9 3 1 0  0 . 0 6 9 0  

2 5 5 . 37 0 . 14 1  0 . 0 1 0 0  0 . 0  0 . 9 9 0 0  1 . 0  o. o 
(0 )  0 . 2 0 1  0 . 01 4 0  0 . 0  0 . 9 8 6 0  1 . 0  0 . 0  

0 . 34 3  o.  0 2 1 3  0 . 0  0 . 9 7 8 7  1 . 0  o. o 
0 . 54 5  0 . 0 3 5 1  0 . 0  0 . 9 6 4 9  1 . 0  0 . 0  
0 . 91 0  0 . 0 5 7 8  0 . 0  0 . 9 4 2 2  1 . 0  0 . 0  
1 .  7 3  0 . 10 8  0 . 0  0 . 8 9 2  1 . 0  0 . 0  
2 . 6 3 0 . 16 1  0 . 0  0 . 8 3 9  1 . 0  0 . 0  
3 . 12 0 . 18 8  0 . 0  0 . 81 2  1 . 0  o. o 
3 . 7 6 0 . 2 19  0 . 0  0 . 7 8 1  1 . 0  0 . 0  
4 . 8 0 0 . 2 7 0  0 . 0  0 . 7 3 0  1 . 0  0 . 0  
6 . 16 0 . 3 2 2  0 . 0  0 . 6 7 8  1 . 0  0 . 0  
0 . 2 3 4  0 . 0 1 5 1  0 . 0 1 8 4  0 . 9 6 6 5  0 . 9 7 9 2  0 . 0 2 0 8  
0 . 4 3 4  0 . 0 2 7 5  0 . 0 3 3 9  0 . 9 3 8 6  0 . 9 7 9 2  0 . 0 2 0 8  
o.  7 1 0  0 . 0 4 4 7  0 . 0 5 1 6  0 . 9 0 3 7  0 . 9 7 9 2  0 .  0 2 0 8. 
1 .  3 9  0 . 0 8 5 1  o.  0 8 9 7  0 . 8 2 5 2  0 . 9 7 9 2  0 . 0 2 0 8  
2 . 0 5 0 . 12 6  0 . 11 6  0 . 7 5 8  0 . 9 7 9 2  0 . 0 2 0 8  
2 . 74 0 . 16 3  0 . 13 5  0 . 7 0 2  0 . 9 7 9 2  0 . 0 2 0 8  
4 . 2 1  0 . 24 5  0 . 15 2  0 . 6 0 3  0 . 9 7 9 2  0 . 0 2 0 8  
5 . 4 7 0 . 2 9 7  0 . 15 4  0 . 54 9  0 . 9 7 9 2  0 . 0 2 0 8  
6 . 9 6 0 . 3 4 6  0 . 14 4  0 . 51 0  0 . 9 7 9 2  0 . 0 2 0 8  
o.  3 7 2  0 . 0 2 3 2  0 . 0 5 8 8  0 . 91 8 0  0 . 9 5 6 9  0 . 0 4 3 1  
0 . 7 3 8  0 . 0 4 5 4  0 . 11 1  0 . 84 4  0 . 9 5 6 9  0 . 04 3 1  
1 . 4 0  0 . 0 8 3 9  0 . 18 4  0 . 7 3 2  0 . 9 5 6 9  0 . 04 3 1  
2 . 0 8 0 . 12 5  0 . 2 3 8  0 . 6 3 7  0 . 9 5 6 9  0 . 0 4 3 1  
2 .  7 7  0 . 16 5  0 . 2 7 5  0 . 5 6 0  0 . 9 5 6 9  0 . 0 4 3 1  
4 . 17 0 . 24 5  0 . 3 0 4  0 . 4 5 1  0 . 9 5 6 9  0 . 04 3 1  
5 . 4 8 0 . 3 0 6  0 . 3 0 4  0 . 3 9 0  0 . 9 5 6 9  0 . 0 4 3 1  
6 . 8 6 0 . 3 6 1  0 . 2 7 6  0 . 36 3  0 . 9 5 6 9  0 . 04 3 1  
0 . 4 3 1  0 . 0 2 6 1  0 . 10 9  0 . 8 6 5  0 . 9 3 1 0  0 . 0 6 9 0  
0 . 8 0 7  0 . 0 4 8 0  0 . 19 2  0 . 7 6 0  0 . 9 3 1 0  0 . 0 6 9 0  
1 .  3 9  0 . 0 8 1 7  0 . 2 8 9  0 . 6 2 9  0 . 9 3 1 0  0 . 0 6 9 0  
2 . 08 0 . 12 2  0 . 3 7 3  0 . 5 0 5  0 . 9 3 1 0  0 . 0 6 9 0  
2 . 73 0 . 16 8  0 . 4 2 1  0 . 4 1 1  0 . 9 3 1 0  0 . 06 9 0  
4 . 05 0 . 2 4 8  0 . 4 6 6  0 . 2 8 6  0 . 9 3 1 0  0 . 0 6 9 0  
5 . 5 9 0 . 3 3 6  0 . 4 4 8  0 . 21 6  0 . 9 3 1 0  0 . 0 6 9 0  
6 . 89 0 . 3 9 4  0 . 4 0 4  0 . 2 0 2  0 . 9 3 1 0  0 . 0 6 9 0  
0 . 5 5 8  0 . 0 3 2 7  0 . 18 7  0 . 7 8 0  0 . 9 0 5 6  0 . 0 9 9 4  
0 . 8 9 6  0 . 0 5 1 7  0 . 2 8 1  0 . 66 7  0 . 9 0 5 6  0 . 0 9 4 4  
1 . 4 6 0 . 0 8 3 1  0 . 4 0 0  0 . 51 7  0 . 9 0 5 6  0 . 0 9 4 4  
2 . 0 9 0 . 12 8  0 . 50 2  0 . 3 7 0  0 . 9 0 5 6  0 . 0 9 4 4  
2 . 7 6 0 . 17 8  0 . 56 9  0 . 25 3  0 . 9 0 5 6  0 . 0 9 4 4  

2 7 7 . 5 9  0 . 15 4  o .  0 0 9 1  0 . 0  0 . 9 9 0 9  l . O  o. o 
(4 0 )  0 . 2 0 3  0 . 0 1 1 8  o. o 0 . 9 8 8 2  1 . 0  o. o 

0 . 3 4 3  0 . 0 2 0 3  0 . 0  0 . 9 7 9 7  1 . 0  o. o 
0 . 56 5  0 . 0 3 3 1  0 . 0  0 . 9 6 6 9  1 . 0  0 . 0  
0 . 8 8 3  0 . 0 5 0 8  o . o 0 . 9 4 9 2  1 . 0  0 . 0  
1 . 24 0 . 0 6 9 9  0 . 0  0 . 9 3 0 1  1 . 0  0 . 0  
1 .  2 4  0 . 0 9 6 2  0 . 0  0 . 9 0 3 8  1 . 0  o . o 
2 . 41 0 . 12 9  0 . 0  0 . 87 1  1 . 0  o. o 

(cont . )  
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COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4 - 8 2 - 8 ]  

2 .  Propane ; C sH a ; [ 74-98-6 ] 

3 .  Decane ; C 1 o H2. 2. 1  [124-18-5]  

EXPERIMENTAL VALUES : 

T/K P/MPa 
(T/ ° F )  :rCH� 

2 7 7 . 59 3 . 4 4 0 . 17 8  
( 4 0 )  4 . 81 0 . 2 37 

5 . 61 0 . 2 65 
6 . 12 0 . 2 8 2  
6 . 7 9 0 . 3 0 3  
0 . 3 45  0 . 0200  
o .  7 1 0  0 . 0406  
1 .  3 9  0 . 0 7 5 9  
2 . 0 5 0 . 110  
2 . 7 3 0 . 14 4  
4 . 1 3 0 . 2 06 
5 . 4 4 0 . 2 65 
7 . 0 5 0 . 32 2  
0 . 317 0 . 0 1 8 0  
0 . 7 03 0 . 0391 
1 .  3 7  0 . 0 7 3 0  
2 . 0 7 0 . 10 8  
2 . 7 4 0 . 14 3  
4 . 06 0 . 2 0 4  
5 . 4 2  0 . 2 5 9  
6 . 91 0 . 30 9  
0 . 3 4 1  0 . 01 8 8  
0 . 7 79  0 . 0421  
1 .  3 9  0 . 0 7 2 7  
2 . 0 8 0 . 106  
2 . 76 0 . 14 1  
4 . 0 9 0 . 2 0 2  
5 . 4 3 0 . 2 5 8  
6 . 82 0 . 307  
0 . 2 9 0  0 . 0156  
0 . 6 6 3  0 . 0 3 4 8  
1 .  3 5  0 . 0686  
2 . 0 3 0 . 10 0  
2 .  7 2  0 . 13 8  
4 . 0 5 0 . 19 9  
5 . 4 7  0 . 2 6 0  
6 . 19 0 . 2 8 7  
6 . 91 0 . 312  
0 . 3 0 3  0 . 0156  
0 . 512  0 . 0261 
o .  717  0 . 0362  
1 .  39  0 . 0 6 7 4  
2 . 05 0 . 0 9 7 3  
2 . 7 6 0 . 136 
4 . 12 0 . 2 0 4  
4 . 7 6 0 . 2 34 
5 . 5 2 0 . 2 6 7  
6 . 2 1 0 . 2 9 3  
6 . 8 9 0 . 312  
0 . 2 90  0 . 0144  
0 . 4 9 3  0 . 0 2 4 2  
0 . 7 0 3  0 . 0 3 4 2  
1 . 38 0 . 0644  
2 . 07 0 . 0 9 4 9  
2 .  7 7  0 . 135  
4 . 1 3 0 . 2 0 9  

294 . 26 0 . 214 0 .  0119 
( 7 0 )  0 . 355  0 . 0195  

ORIGINAL MEAS UREMENTS : 

Koonce , K .  T . ; Kobayashi , R .  

in 

J.  Chern . Eng .  Data 

1964 , 9 I 4 9 4 -501 . 

Mole fractions 
liquid 

:rC sH a :rC 1 o H 2. 2.  

0 . 0  0 . 8 2 2  
0 . 0  0 . 7 63 
0 . 0  0 . 735 
0 . 0  0 .  718  
0 . 0  0 . 6 9 7  
0 . 0137  0 . 9 6 6 3  
0 . 0276  0 . 9 318  
0 . 04 8 4  0 . 8 7 5 7  
0 . 0 6 4 6  0 . 82 5  
0 . 0 7 7 3  0 .  7 7 9  
0 . 0 9 2 9  0 . 701 
0 . 0981  0 . 6 3 7  
0 . 10 0  0 . 5 7 8  
0 . 0 2 6 8  0 . 9 5 5 2  
0 . 0 5 5 5  0 . 9054  
0 . 0 9 8 0  0 . 8 2 9 0  
0 . 13 3  0 . 7 59  
0 . 15 6  0 . 701 
0 . 18 8  0 . 6 08  
0 . 1 9 9  0 . 54 2  
0 . 2 0 0  0 . 4 9 1  
0 . 04 3 7  0 . 9375  
0 . 0 9 6 5  0 . 8614  
0 . 1 5 6  o .  7 7 1  
0 . 2 0 7  0 . 6 8 7  
0 . 24 6  0 . 613 
0 . 2 8 9  0 . 5 0 9  
0 . 30 7  0 . 4 3 5  
0 . 300  0 . 3 93  
0 . 0 5 3 9  0 . 9 3 0 5  
0 . 114 0 . 8 51 
0 . 2 0 8  o .  7 2 3  
0 . 2 77 0 . 6 2 3  
0 . 32 7  0 . 535  
0 . 3 8 5  0 . 416  
0 . 4 0 5  0 . 335 
0 . 4 10  0 . 3 0 3  
0 . 4 0 0  0 . 2 8 8  
0 . 0 7 4 8  0 . 9096  
0 . 121  0 . 8 5 3  
0 . 169  0 . 7 95  
0 . 2 8 6  0 . 6 4 7  
0 . 37 5  0 . 5 2 8  
0 . 4 4 2  0 . 4 22 
0 . 513  0 . 28 3  
0 . 5 30 0 . 2 36 
0 . 5 3 0  0 . 2 0 3  
0 . 5 2 8  0 . 18 0  
0 . 4 9 8  0 . 19 0  
0 . 0 8 3 0  0 . 9 02 6  
0 . 14 8  0 . 8 2 8  
0 . 20 4  0 . 7 62 
0 . 3 5 5  0 . 58 1  
0 . 464  0 . 44 1  
0 . 54 8  0 . 317 
0 . 6 2 3  0 . 1 6 8  
0 . 0  0 . 9 8 8 1 
0 . 0  0 . 9 8 0 5  

in vapor 

YcH� Ye s H e 

1 . 0  o . o  
1 . 0  0 . 0  
1 . 0  o . o  
1 . 0  0 . 0  
1 . 0  o . o  
0 . 9 7 9 2  0 . 0 2 0 8  
0 . 9 7 9 2  0 . 02 0 8  
0 . 9 7 9 2  0 . 02 0 8  
0 . 9 7 9 2  0 . 02 0 8  
0 . 9 7 9 2  0 . 0 2 0 8  
0 . 9 7 9 2  0 . 0 2 0 8  
0 . 9 7 9 2  0 . 0 2 0 8  
0 . 9792  0 . 0208  
0 . 9 5 6 9  0 . 0431  
0 . 9 5 6 9  0 . 0431  
0 . 9 5 6 9  0 . 0 4 3 1  
0 . 9 5 6 9  0 . 0 4 3 1  
0 . 9 5 6 9  0 . 0 4 31 
0 . 9 5 6 9  0 . 04 3 1  
0 . 9 5 6 9  0 . 0 4 31 
0 . 9 5 6 9  0 . 0 4 31 
0 . 9 5 6 9  0 . 0431  
0 . 9 5 6 9  0 . 0 4 31 
0 . 9310  0 . 0 6 9 0  
0 . 9310  0 . 0 6 9 0  
0 . 9310  0 . 0 6 9 0  
0 . 9310  0 . 0 6 9 0  
0 . 9310  0 . 0 6 9 0  
0 . 9310  0 . 0 6 9 0  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 9056  0 . 0 9 4 4  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 9056  0 . 0 9 4 4  
0 . 9 0 5 6  0 . 0 9 4 4  
0 . 8 6 9 1  0 . 1309  
0 . 8 6 9 1  0 . 1309  
0 . 8 6 9 1  0 . 1309  
0 . 8 6 9 1  0 . 1 3 0 9  
0 . 8 6 9 1  0 . 1309  
0 . 8691  0 . 1309  
0 . 8 6 91 0 . 1309  
0 . 8 6 91 0 . 1 3 0 9  
0 . 8 691 0 . 1309  
0 . 8 6 91 0 . 1309  
0 . 8 69 1  0 . 1 3 0 9  
0 . 8 3 7 3  0 . 1 6 2 7  
0 . 8 3 7 3  0 . 1 6 2 7  
0 . 8 3 7 3  0 . 1 6 2 7  
0 . 8 3 7 3  0 . 1627  
0 . 8 3 7 3  0 . 1627  
0 . 8 3 7 3  0 . 16 2 7  
0 . 8 3 7 3  0 . 1627  
1 . 0  0 . 0  
1 .  0 (con t • 9 • 0 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH4 : [ 74 -8 2 - 8 ]  Koonce , K .  T � : Kobayashi , R.  

2 .  Propane : C s H a : [ 7 4-9 8-6 ] J . C he rn . Eng . D ata 

3 .  Decane : C 1 o H2 2 1  [124-18-5 ]  1964 , 9 I 4 9 4-501 . 

EXPERIMENTAL VALUES :  

Mole fractions 
T/K PjMPa in liquid in vapor 

(T/°F)  .l:CH4 .l:C s H e .l:C t o H2 2  YCH 4 Yc s H e 

2 94 . 2 6 o .  372  0 . 0203  0 . 0  0 . 9 7 9 7  1 . 0  0 . 0  
( 7 0 )  0 . 6 3 4  0 . 0 3 3 9  0 . 0  0 . 9661  1 . 0  o . o  

1 .  71  0 . 0 8 6 2  o . o  0 . 9138  1 . 0  0 . 0  
2 . 6 3 0 . 1 30 o . o  0 . 8 7 0  1 . 0  o . o  
3 . 5 4 0 . 172 0 . 0  0 . 8 2 8  1 . 0  0 . 0  
4 . 81 0 . 217 0 . 0  0 . 7 8 3  1 . 0  0 . 0  
6 . 2 8 0 . 2 6 5  0 . 0  0 . 7 3 5  1 . 0  0 . 0  
0 . 2 8 3  0 . 0153  0 . 0076  0 .  9771  0 . 9792  0 . 0208  
0 . 4 8 5  0 . 02 5 8  0 .  0130  0 . 9612  0 . 9 7 9 2  0 . 0 2 0 8  
o .  7 1 0  0 . 0 3 7 0  0 . 01 7 3  0 . 9 4 5 7  0 . 9792  0 . 0 2 0 8  
1 . 3 9 0 . 0704  0 . 0319  0 .  8 9 7 7  0 . 9 7 9 2  0 . 0 208  
2 . 07 0 . 102 0 . 0 4 4 1  0 . 8 54 0 . 9792  0 . 020 f  
2 . 7 4 0 . 1 32 0 . 0535  0 . 8 1 5  0 . 9 7 9 2  0 . 0208  
4 . 12 0 . 1 91 0 . 0658  0 . 7 4 3  0 . 9 7 92 0 . 0208  
5 . 5 2 0 . 2 43  0 . 0 7 4 6  0 . 6 8 2  0 . 9 7 9 2  0 . 0208  
6 . 8 6 0 . 280  0 . 0 8 0 6  0 . 7 4 3  0 . 9792  0 . 0 2 0 8  
0 . 2 9 0  0 . 0153  0 . 0165  0 . 6 8 2  0 . 9792  0 . 0208  
0 . 4 8 6  0 . 0 2 5 3  0 . 0263  0 . 9 4 8 4  0 . 9 5 6 9  0 . 0431  
0 . 70 3  0 . 0360  0 . 0362  0 . 9 2 7 8  0 . 9569  0 . 0431  
1 .  39  0 . 0 6 8 4  0 . 0 6 6 4  0 . 8 6 52 0 . 9 5 6 9  0 . 0 431  
2 . 0 8 0 . 0 9 9 9  0 . 0902  0 . 8 0 9 9  0 . 9569  0 . 0431  
2 . 9 0 0 . 137 0 . 113  0 . 7 5 0  0 . 9569  0 . 0 4 31 
4 . 1 3 0 . 19 1  0 . 1 36 0 . 6 7 3  0 . 9569  0 . 04 3 1 · 
5 . 3 4 0 . 236  0 . 15 0  0 . 614 0 . 9 5 6 9  0 . 0 4 31 
6 . 7 4 0 . 2 7 5  0 . 1 5 7  0 . 56 8  0 . 9310  0 . 0 6 9 0  
0 . 3 0 3  0 . 0155  0 . 0260  0 . 9 5 8 5  0 . 9310  0 . 0 6 9 0  
0 . 510  0 . 0 2 5 7  0 . 04 2 6  0 . 9317  0 . 9310 0 . 0 6 9 0  
0 . 7 5 8  0 . 0 3 7 8  0 . 0 6 2 7  0 . 8 9 9 5  0 . 9310 0 . 0 6 9 0  
1 .  3 2  0 . 0 6 3 8  0 . 101 0 . 8 3 5  0 . 9310  0 . 0 6 9 0  
2 . 01 0 . 0 9 4 0  0 . 14 0  0 . 7 66 0 . 9310  0 . 0690  
2 . 7 9 0 . 12 9  0 . 1 74 0 . 6 97  0 . 9310  0 . 0 6 9 0  
4 . 11 0 . 186  0 . 2 0 9  0 . 6 0 5  0 . 9310  0 . 0 6 9 0  
5 . 4 7 0 . 2 34  0 . 2 33 0 . 5 3 3  0 . 9310  0 . 06 9 0  
6 . 8 3 0 . 2 7 4  0 . 2 42  0 . 4 8 4  0 . 9310 0 . 0 6 9 0  
3 . 62 0 . 0179  0 . 04 2 7  0 . 9 3 9 4  0 . 9056  0 . 0 9 4 4  
7 . 4 5 0 . 0 3 5 9  0 . 0 8 7 4  0 . 8 7 6 7  0 . 9056  0 . 0 9 4 4  
1 .  3 9  0 . 0 6 4 7  0 . 14 3  0 . 7 92  0 . 9056  0 . 0 9 4 4  
2 . 07 0 . 0941  0 . 196  0 .  710  0 . 9056  0 . 0944  
2 .  7 7  0 . 1 28  0 . 2 3 4  0 . 6 3 8  0 . 9 0 5 6  0 . 0 94 4  
4 . 1 0 0 . 18 4  0 . 2 8 3  0 . 5 3 3  0 . 9056  0 . 0944  
5 . 5 2 0 . 2 3 4  0 . 3 18  0 . 4 4 8  0 . 9056  0 . 0 9 4 4  
6 . 87 0 . 2 7 4  0 . 3 2 3  0 . 4 0 3  0 . 9 0 5 6  0 . 0 9 4 4  
0 . 331  0 . 0 1 5 8  0 . 054 5 0 . 92 9 7  0 . 8 6 9 1  0 . 1 3 0 9  
0 . 6 8 9  0 . 0320  0 . 10 9  0 . 8 5 9  0 . 8 6 9 1  0 . 1309  
1 . 3 4 0 . 0 5 9 9  0 . 19 6  0 . 7 4 4  0 . 8691  0 . 1309  
2 . 07 0 . 0 9 0 5  0 . 2 6 9  0 . 64 1  0 . 8691  0 . 1309  
2 . 7 3 0 . 124 0 . 317  0 . 5 59  0 . 8 6 9 1  0 . 1 3 0 9  
4 . 0 9 0 . 17 9  0 . 3 76 0 . 4 4 5  0 . 8691  0 . 1309  
5 . 5 4 0 . 2 3 1  0 . 4 0 8  0 . 361  0 . 8 6 9 1  0 . 1309  
6 . 8 5 0 . 2 6 8  0 . 4 2 2  0 . 310  0 . 8691  0 . 1309  
0 . 4 14 0 . 01 8 9  0 . 0 8 4 7  0 . 8 9 6 9  0 . 8 3 7 3  0 . 16 2 7  
0 . 7 5 2  0 . 0334 0 . 14 8  0 . 8 1 9  0 . 8373  0 . 1627  
1 . 3 8 0 . 05 9 8  0 . 24 2  0 . 6 9 8  0 . 8 37 3  0 . 1627  
2 . 08 0 . 0 8 8 1  0 . 32 9  0 . 5 8 3  0 . 8 3 7 3  0 . 1627  
2 . 81 0 . 12 2  0 . 3 90  0 . 4 8 8  0 . 8 3 7 3  0 . 1627  
4 . 1 9 0 . 18 2  0 . 4 6 2  0 . 35 6  0 . 8373  0 . 1627  
5 . 4 7 0 . 2 2 5  0 . 4 96 0 . 27 9  0 . 8 3 7 3  0 . 1627  
6 . 8 8 0 . 2 6 8  0 . 5 07 0 . 22 5  0 . 8 3 7 3  0 . 16 2 7  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane;  CH4 ; [ 74-8 2-8 ] 
2 .  Propane ; C 3 H 8 ; [ 74-9 8-6 ] 
3 .  Decane ; C 1 o H 2 2 ; [ 124-18-5 ] 

Wiese , H .  c . ; Reamer , H .  H . ; 
Sage , B .  H .  
J. Chem . Eng .  Data 

1970 , 1 5 ,  75-82 . 

VARIABLES :  P REPARED BY : 
Temperature , pres sure , 
liquid phase composition 

EXPERIMENTAL VALUES : 
Mole 

C .  L .  Young 

fraction tcompo
P/MPa sition 

(P/psia) factor 
in liquid in vapor 

2 7 7 . 6  
( 4 0 )  

2 . 7 6 
( 4 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

13 . 7 9 
( 2 0 0 0 )  

2 0 . 6 8 
( 3 0 0 0 )  

2 7 . 5 8 
( 4 0 0 0 )  

o . o  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 0  
0 . 2  
0 . 4  

:x;CH4 

0 . 1350  
0 . 1352  
0 . 1364  
0 . 1 3 8 0  
0 . 14 11 
0 . 1 4 71  
0 . 2 8 4 5  
0 . 3017  
0 .  3110 
0 . 3 2 4 5  
0 . 34 6 6  
0 . 4 2 2 6  
0 . 4 8 5 1 
0 . 4 9 4 0  
0 . 5109  
0 . 5 4 7 3  
0 . 6181 
0 .  6115 
0 . 6182  
0 . 64 5 5  
0 .  7100  
0 . 7 015  
0 .  7181  
0 .  7797  

:x;C s H a :x;C 1 o H2 2  

0 0 . 8 6 5 0  
0 . 1 7 3 0  0 . 6 9 1 9  
0 . 3 454  0 . 5181  
0 .  5172  0 . 3 4 4 8  
0 .  6871  0 . 1718  
0 . 8 5 2 9  0 
0 0 .  7115 
0 . 1397  0 . 5 5 8 6  
0 . 2 7 5 6  0 . 4 15 4  
0 . 4 05 3  0 . 2 7 0 2  
0 . 5 2 2 7  0 . 1307  
0 . 4774  0 
0 0 . 51 4 9  
0 . 1012 0 . 4 0 4 8  
0 . 1956  0 . 2 9 3 5  
0 . 2 716 0 . 1811 
0 . 3055  0 . 0764  
0 0 . 3 8 8 5  
0 . 0 7 6 4  0 . 3054  
0 . 14 1 8  0 . 2 1 2 7  
0 . 1740  0 . 11 6 0  
0 0 . 2 9 8 5  
0 . 0564  0 . 2 2 5 5  
0 . 0 8 8 1  0 . 1322  

YcH4 Yc s H a Yc l o H 2 2 

0 . 9 9 9 7  0 0 . 0003  
0 . 9 4 9 7  0 . 0500  0 . 0 0 0 3  
0 . 8 9 9 8  0 . 0 9 9 9  0 . 0 0 0 3  
0 . 8 4 85 0 . 15 1 3  0 . 0 0 0 2  
0 .  7 9 7 1  0 . 2 0 2 7  0 . 0 0 0 2  
0 . 7 5 0 5  0 . 2 4 9 5  0 
0 . 9994  0 0 . 0006  
0 . 9692  0 . 0303  0 . 0 0 0 5  
0 . 9 37 8  0 . 0617  0 . 0 0 0 5  
0 . 9022  0 . 0 9 7 3  0 . 0005  
0 . 8 5 7 9  0 . 1417  0 . 0 0 0 4  
0 . 8 2 0 8  0 . 1792  0 
0 . 9 9 8 5  0 0 . 0015  
0 . 9671  0 . 0312  0 . 0017  
0 . 9 2 9 9  0 . 0 6 8 2  0 . 0 0 2 0  
0 . 8 8 5 3  0 . 1116 0 . 0 0 3 0  
0 . 8190  0 . 1734 0 . 0076  
0 . 9 9 4 8  0 0 . 0051  
0 . 9 5 9 9  0 . 0 3 3 8  0 . 0 0 6 4  
0 . 9160  0 . 0735  0 . 0105  
0 . 84 8 5  0 . 12 7 0  0 . 0 2 4 5  
0 . 9 8 6 3  0 0 . 0137  
0 . 9 3 8 9  0 . 0353  0 . 02 3 9  
0 . 8 8 2 0  0 . 0694  0 . 04 85 

(cont . ) 
AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 
known composition . Pressure 
measured with pressure balance and 
temperature measured using a 
platinum resistance thermometer . 
Details in ref . ( 1 ) . Samples of 
coexisting phases analysed by G . C .  
Details in source . 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Texaco sample , puri fied by pas
sage over drying agents charcoal 
and CO removed ,  final purity 
9 9 . 77 mole per cent . 

2 .  Phillips Petroleum Co . sample , 
purity 9 9 . 9 9 mole per cent.  

3 .  Phillips Petroleum Co . sample , 
purity 9 9 . 4 9 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 01 ;  oP/MPa = ± 0 . 1 % ;  
o:x;CH4 ' oyCH4 = ± 0 . 0 0 5  or better.  

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , W .  W .  
Tran s .  Am . Ins t .  Mining Me t .  

Engnrs . 

194 0 ,  1 36 ,  136 . 



Alkanes: Ternary and Mu lticomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS :  

1 .  Methane ; CH4 ; [ 7 4-82-8 ] 
2 .  Propane ; C 3 H8 ; [ 74-9 8-6 ] 
3 .  Decane : C t o H2 2 1  [ 124-18-5 ]  

EXPERIMENTAL VALUES :  
tcompo-

T/K P/MPa sition in liquid 
( Tj C F )  (P/psia) factor 

310 . 9  
( 1 0 0 )  

41 0 . 9  
( 2 8 0 )  

4 7 7 . 6  
( 4 0 0 )  

510 . 9  
( 4 6 0 )  

2 . 7 6 
( 4 0 0 )  

6 . 8 9 
(10 0 0 )  

13 . 7 9 
( 2 0 0 0 )  

2 0 . 6 8 
( 3 0 0 0 )  

27 . 5 8 
( 4 0 0 0 )  

2 . 7 6 
( 4 0 0 )  

6 . 8 9 
( 10 0 0 )  

13 . 7 9 
( 2 0 0 0 )  

2 0 . 6 8  
( 3 0 0 0 )  

2 7 . 5 8 
( 4 0 0 0 )  
2 . 76 

( 4 0 0 )  
6 . 8 9 

( 1 0 0 0 )  

13 . 7 9 
( 2 0 0 0 )  

2 0 . 6 8 
( 3 0 0 0  
2 . 76 

( 4 0 0 )  
6 . 8 9 

( 1 0 0 0 )  

0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
1 . 0  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
{) . 0  
0 . 2  
0 . 4  
0 . 0  
0 . 2  
0 . 4  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 8 
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 0  
0 . 2  
0 . 0  
0 . 2  
0 . 0  
0 . 2  
0 . 4  
0 . 6  
0 . 0 
0 . 2  
0 . 4  
0 . 6  
0 . 0  
0 . 2  
o . o  
0 . 2  
0 . 0  
0 . 2  

xCH4 xC 3 H e 

0 . 12 5 1  
0 . 1113 
0 . 0 9 9 4  
0 . 0918 
0 . 0862  
0 . 0 8 4 5  
0 . 2 6 7 9  
0 . 2579  
0 . 25 3 3  
0 . 2 5 5 8  
0 . 2634 
0 . 3231 
0 . 44 6 9  
0 . 4 4 37 
0 . 44 6 3  
0 . 4 6 1 9  
0 . 5168  
0 . 5 8 2 7  
0 . 5 8 2 4  
0 . 5944  
0 . 6 34 4  
0 . 6 8 7 0  
0 . 6950  
0 . 72 8 3  
0 . 0974  
0 . 0632  
0 . 0251 
0 . 22 5 6  
0 . 1941  
0 . 1591 
0 . 12 0 9  
0 . 0791  
0 . 4 0 2 8  
0 . 3791  
0 . 35 8 8  
0 .  3 4  72 
0 . 54 7 6  
0 . 5 3 8 1  
0 . 5 3 9 7  
0 . 5 9 5 0  
0 . 6912  
0 .  7116 
0 . 0 9 2 6  
0 . 0 3 6 4  
0 . 22 5 8  
0 . 1 7 6 8  
0 . 122 8 
0 . 0 5 7 9  
0 .  4119  
0 . 3815  
0 . 3571 
0 . 34 8 5  
0 . 5 9 12 
0 . 59 8 4  
0 . 0 9 3 7  
0 . 02 2 3  
0 . 2 3 7 8  
0 . 17 5 9  

0 
0 . 1777  
0 . 3 6 0 3  
0 . 54 4 9  
0 . 7 3 10 
0 . 915 5  
0 
0 . 14 8 4  
0 . 2 9 8 7  
0 . 4 4 6 5  
0 . 5 8 9 3  
0 . 6 7 6 9  
0 
0 . 1113 
0 . 2 2 1 5  
0 . 32 2 9  
0 . 3 8 6 5  
0 
0 . 0 8 3 5  
0 . 1622  
0 . 2 193  
0 
0 . 0610  
0 . 10 8 7  
0 
0 . 1 8 7 4  
0 . 3 9 0 0  
0 
0 . 1 612 
0 . 3363  
0 . 52 7 4  
0 . 7367  
0 
0 . 12 4 2  
0 . 2 5 6 5  
0 . 3917  
0 
0 . 0924  
0 . 1841  
0 . 2 4 2 5  
0 
0 . 0577  
0 
0 . 19 2 7  
0 
0 . 16 4 6  
0 . 3 5 0 9  
0 . 5653  
0 
0 . 1237  
0 . 2572  
0 . 39 0 9  
0 
0 . 0 8 0 3  
0 
0 . 19 5 5  
0 
0 . 16 4 8  

Wiese , H .  C .  1 Reamer , H .  H .  ; 
Sage , B .  H .  
J. Chern. Eng .  Data 

1970 , 1 5 , 75-82 . 

Mole fraction 
in vapor 

x C 1 o H 2 2 y CH 4 y C 3 H e 

0 . 8 7 4 9  
0 .  7110 
0 . 5 4 04 
0 . 3633  
0 . 182 8 
0 
0 . 7 3 21 
0 . 5 9 3 7  
0 . 4 4 8 0  
0 . 2 9 77 
0 . 14 7 3  
0 
0 . 5 541  
0 . 4 4 50 
0 . 3322  
0 . 21 5 3  
0 . 0 9 6 6  
0 . 4173  
0 . 3 3 4 0  
0 . 2 4 34 
0 . 14 6 2  
0 . 3130  
0 . 2 4 4 0  
0 . 1 630  
0 . 9 0 2 6  
0 . 7 4 9 4  
0 . 5 8 5 0  
0 . 7 744  
0 . 6 4 4 7  
0 . 5 0 4 5  
0 . 3516 
0 . 1 8 4 2  
0 .  5972  
0 . 4 9 67 
0 . 3 8 4 7  
0 .  2 6 11 
0 . 4 5 2 4  
0 . 3 6 9 5  
0 . 2 7 62 
0 . 1625  
0 . 3 0 8 8  
0 . 2 3 08 
0 . 9 0 7 4  
0 .  7 7 0 9  
0 . 7742  
0 . 6 5 8 6  
0 . 5263  
0 . 3767  
0 .  5 8 11 
0 . 4 9 4 8  
0 . 3 8 5 7  
0 . 2 606 
0 . 4 0 8 8  
0 . 3213  
0 . 9 0 6 3  
0 . 7 8 2 2  
0 . 7622  
0 . 6 5 9 3  

0 . 9994  
0 . 8 9 5 0  
0 . 7850  
0 . 6724  
0 . 5573  
0 .  4 4  72 
0 . 9 993  
0 . 9466  
0 . 8910  
0 . 8200  
0 . 7351 
0 . 6635  
0 . 9 9 8 1  
0 . 9 5 52 
0 . 9 0 3 8  
0 . 8 3 9 5  
0 . 74 5 7  
0 . 9 9 4 2  
0 . 9533  
0 . 8 9 89 
0 . 8 2 4 4  
0 . 9 8 3 7  
0 . 9 3 8 3  
0 . 8677  
0 . 9 7 9 8  
0 .  5 8 7 2  
0 . 2 0 8 1  
0 . 9 8 7 0  
0 . 7973  
0 . 5 9 9 2  
0 . 3 9 3 0  
0 . 1 8 0 8  
0 . 9 8 4 5  
0 .  8 8 7 1  
0 .  7 7 1 5  
0 . 6311 
0 .  9715  
0 . 8971  
0 . 8 0 3 2  
0 . 6915  
0 . 9 4 3 0  
0 . 8 6 9 0  
0 . 8 85 1  
0 . 3 0 9 0  
0 . 9 3 5 8  
0 .  6717 
0 . 4 010  
0 . 14 0 9  
0 . 9351  
0 . 7 9 6 3  
0 . 6 375  
0 . 4 4 2 5  
0 . 9 0 30 
0 . 7 8 4 3  
0 . 79 2 8  
0 . 1 626  
0 . 8 8 0 3  
0 . 5935  

0 0 . 0006  
0 . 1 044  0 . 0006  
0 . 2144  0 . 0006  
0 . 32 7 0  0 . 0006  
0 . 4 4 2 3  0 . 0004  
0 . 5 5 2 8  0 
0 0 . 0007  
0 . 0527  0 . 0 0 0 8  
0 . 1081  0 . 0 0 0 8  
0. 1 791  0 . 0 0 0 9  
0 . 2 6 4 0  0 . 0 0 0 9  
0 . 3365  0 
0 0 . 0019  
0 . 0 4 2 7  0 . 0021  
0 . 0 9 3 6  0 . 0 026 
0 . 1 5 6 8  0 . 0 0 3 8  
0 . 2 4 5 3  0 . 0 0 9 0  
0 0 . 0 0 5 8  
0 . 0394  0 . 0 0 7 3  
0 . 0 8 9 2  0 . 0119  
0 . 1528  0 . 0 2 2 8  
0 0 . 0163  
0 . 0367  0 . 0250  
0 . 0819  0 . 0504  
0 0 . 0202  
0 . 3 9 2 5  0 . 0 2 0 3  
0 . 7 7 02 0 . 0217  
0 0 . 0130  
0 . 1 8 8 1  0 . 0146  
0 . 3844  0 . 0164  
0 . 5 8 8 1  0 . 0189  
0 . 7 8 8 3  0 . 0 3 0 9  
0 0 . 0155  
0 . 0 942  0 . 01 8 7  
0 . 2 0 5 6  0 . 0 2 3 0  
0 . 3333  0 . 0356  
0 0 . 0 2 8 5  
0 . 0 676  0 . 0 3 5 3  
0 . 14 5 6  0 . 0512  
0 . 2 2 0 5  0 . 0 8 8 0  
0 0 . 0 5 7 0  
0 . 0 4 7 6  0 . 0 8 3 4  
0 0 . 1149  
0 . 5 782  0 . 1128  
0 0 . 0 6 4 2  
0 . 2 5 8 0  0 . 0 7 0 3  
0 . 5193  0 . 0 7 9 7  
0 . 7524  0 . 1 067 
0 0 . 0 6 4 9  
0 . 1274  0 . 0763  
0 . 2 638  0 . 0 9 8 7  
0 . 3 9 6 8  0 . 1607  
0 0 . 0 9 7 0  
0 . 0 7 4 5  0 . 1 413 
0 0 . 2 0 7 2  
0 . 6184  0 . 2190  
0 0 . 1 197 
0 . 2 6 87 0 . 1 3 7 8  

( cont . )  
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406 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ] 
2 .  Propane ; C 3 H a ; [ 74-98-6 ] 
3 .  Decane ; C 1 o H2 2 ; [ 12 4 - 18-5 ] 

EXPERIMENTAL VALUES :  

tcompo- in 
T/K P/MPa sit ion XCH � (P/psia) factor 

51 0 . 9 6 . 8 9 0 . 4  0 . 1 0 8 0  
( 4 6 0 )  ( 1 0 0 0 )  0 . 6  0 . 0333  

13 . 7 9 0 . 0  0 . 4 2 8 0  
( 2 0 0 0 )  0 . 2  0 . 4 0 6 2  

0 . 4  0 . 3 8 9 9  

liquid 
xC 3 H a 

0 . 3 5 6 8  
0 . 5 8 0 0  
0 
0 . 11 8 8  
0 . 2 4 4 0  

ORIGINAL MEASUREMENTS :  

Wiese , H .  C . ;  Reamer , H .  H . ; 
Sage , B .  H .  
J .  Chern.  Eng .  Data 

1970 , 1 5 ,  75-82 . 

Mole fraction 
in 

xC 1 o H2 2  Yea � 

0 . 5352  0 . 2 9 4 7  
0 . 3 8 6 7  0 . 0 5 8 3  
0 . 5 7 2 0  0 . 8 8 15 
0 . 4 7 5 1  0 . 72 3 0  
0 . 3661  0 . 5 3 9 6  

vapor 
Yc 3 H a Yc t o H 2 2 

0 . 54 0 6  0 . 16 4 7  
0 . 7192 0 . 2 2 2 5  
0 0 . 11 8 5  
0 . 1 2 8 2  0 . 14 8 9  
0 . 2536  0 . 2 0 6 8  

Mole fraction o f  propane in liquid tcomposition factor = Mole fraction of propane in liquid + Mole 
fraction of decane in liquid 



Alkanes: Ternary and Multicomponent Systems 407 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 74 - 8 2 - 8 ]  

2 .  Butane ; C 4 H 1 0 ; [ 1 0 6-9 7-8 ]  

3 .  Octane ; C e H 1 e i  [ 111-65- 9 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS: 

Hottovy , J .  D . ; Kohn , J .  P . ; 
Luks , K .  D .  

J .  Chern . Eng .  Data 

1 9 8 2 , 2 ?, 2 9 8- 3 0 2 . 

PREPARED BY : 

c .  L .  Young 

Data for octane-lean liquid phase . 

Molar 
Type of data T / K  P/atm P/MPa Mole fractions volume 

xC 4 H 1 o XC e H l a 
/cm 3mol- 1 

2 0 6 . 4 4 6 3 . 2  6 . 4 0 0 . 04 5  0 . 0 0 4 6  7 2 . 9  
2 0 4 . 2 8 6 0 . 3  6 . 11 0 . 0 2 9  0 . 0 0 2 5  7 9 . 5  
20 3 . 2 8  5 9 . 3  6 . 0 1 0 . 0 2 3  0 . 0 0 2 9  8 2 . 6  
2 0 2 . 0 9 57 . 4  5 . 8 2 0 . 0 2 0  0 . 0 0 1 9  8 6 . 3  
2 0 1 . 7 7 57 . 2  5 . 8 0 0 . 0 2 2  0 . 02 3 0  8 3 . 5  
1 9 7 . 9 6 5 3 . 0  5 . 3 7 0 . 0 1 2  0 . 0 0 1 7  9 0 . 5  
1 9 7 . 57 52 . 6  5 . 3 3 0 . 0 1 2  0 . 00 1 7  8 7 . 0  
1 9 7 . 4 5 5 2 . 3  5 . 3 0 0 . 01 7  0 .  0 0 3 1  7 2 . 8  
1 9 7 . 0 2 5 1 . 5  5 . 2 2 0 . 02 2  0 . 0 0 3 9  7 0 . 6  
1 9 6 . 7 8 50 . 9  5 . 16 0 . 02 5  0 . 0 0 4 6  6 8 . 9  
1 9 6 . 2 5 4 9 . 9  5 . 06 0 . 0 3 1  0 . 0 0 6 0  6 7 . 6  
19 6 . 2 0 50 . 0  5 . 0 7 0 . 0 2 9  0 . 0 0 5 9  6 5 . 9  
1 9 5 . 84 4 9 . 2  4 . 9 9 0 . 0 3 7  0 . 0 0 7 5  6 7 . 3  
19 5 . 6 5  4 9 . 0  4 . 9 6 0 . 0 3 6  0 . 00 7 5  6 4 . 4  
1 9 5 . 5 9  4 8 . 9  4 . 9 5 0 . 0 4 0  0 . 0 0 8 1  6 4 . 5  
1 9 5 . 3 9 4 8 . 6  4 . 9 2  0 . 04 2  0 . 0 0 8 9  6 2 . 8  
1 9 5 . 07 4 7 . 9  4 . 8 5 0 . 04 7  0 . 1 0 3 0  6 2 . 4  
194 . 8 5  4 7 . 5  4 . 8 1  0 . 0 5 2  0 .  0 0 9 7  6 2 . 5  
1 9 4 . 0 7 4 6 . 1  4 . 6 7  0 . 0 6 1  0 . 01 7 0  5 9 . 4  
1 9 3 . 8 3 4 5 . 7  4 . 6 3  0 . 06 8  0 . 02 0 2  59 . 1  
1 9 3 . 4 9 4 5 . 1  4 . 57 0 . 0 8 8  0 . 0 3 1 4  5 9 . 7  

(cont . ) 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Glass equilibrium cell . 
Temperature measured with p latinum 
resistance thermometer and pressure 
with Bourdon gauge . Stoichiometry 
and volumetric measurements were 

used to compute liquid phase 

compositions and molar volumes . 

Details in ref .  1 and source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Linde Ultrapure grade , purity 

9 9 . 97 mole per cent . 

2 .  Linde Instrument grade , purity 
9 9 . 5  mole per cent . 

3 .  Humphrey-Wilkinson grade , purity 

9 9  mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 3 ;  oP/MPa = ± 0 . 07 ;  
oxC H = ± 3 . 5% ;  oxC H = ± 2 %  4 l O  8 l a  
(octane rich phase ) ; oxc H = ± 8 %  
( n�t-.AnP lPAn DhA � P \  a l a 

REFERENCES : 

1 .  Kohn , J .  P .  

Am . Ins t .  Chern . Engn�s . J .  

19 6 1 1  7 1  5 1 4  o 



408 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ] Hottovy , J. D . ; Kohn , J .  p. ; 
2 .  Butane ; C 4 H 1 o ; [ 1 06-97-8 ] Luks , K .  D .  
3 .  Octane ; C a H l S ; [ 111-6 5-9 ] J .  Chern. Eng . Data 

19 8 2 ,  2 7 ,  2 9 8-3 0 2 . 

EXPERIMENTAL VALUES : 
Data for octane-lean liquid phase . 

Molar 
Type of data T /K P/atrn P/MPa Mole fractions volume 

XC 4 H 1 o XC e H 1 e /crn3rnol- 1  

LCST (L 1 =L2 -V) 204 . 6 1 6 0 . 2  6 . 10 0 . 0 8 6  0 . 01 8 6  6 0 . 5  
2 02 . 47 57 . 2  5 . 0 0 0 . 10 2  0 . 02 7 8  6 0 . 5  
197 . 16 4 9 . 8  5 . 0 5 0 . 106 0 . 0 3 8 3  59 . 5  
195 . 6 4 4 7 . 8  4 . 8 4 0 . 10 8  0 . 0 4 2 5  6 0 . 9  
193 . 4 8  4 5 . 0 4 . 5 6 0 . 09 8  0 . 0 3 8 4  6 0 . 0  

L 1 -L2 -V 206 . 0 0 62 . 5  6 . 3 3 0 . 0 5 3  0 . 0071  63 . 9  
2 0 4 . 9 2 61 . 0  6 . 1 8 0 . 04 8  0 . 0 0 5 9  6 9 . 5  
204 . 0 0 5 9 . 6  6 . 04 0 . 0 63 0 .  0 0 7 7  6 4 . 4  
2 0 4 . 0 0 5 9 . 4  6 . 02 0 . 07 0  0 . 01 4 1  62 . 9  
2 0 6 . 00 6 2 . 5  6 . 3 3 0 . 0 5 3  0 . 0071  6 3 . 9 
2 0 4 . 9 2 61 . 0  6 . 18 0 . 0 4 8  0 . 0059  69 . 5  
2 0 4 . 0 0 59 . 6  6 . 0 4 0 . 06 3  0 .  0077  64 . 4  
2 0 4 . 0 0 5 9 . 4  6 . 0 2 0 . 0 7 0  0 . 0141  62 . 9  
202 . 0 0  5 7 . 3  5 . 8 1 0 . 03 5  0 . 0 0 4 8  7 0 . 1  
2 0 1 .  95  5 7 . 0  5 . 7 8 0 . 02 6  0 . 0 0 5 0  76 . 3  
2 02 . 0 0 57 . 0  5 . 7 8 0 . 04 4  0 . 0 0 7 2  6 4 . 6  
2 0 2 . 0 0  56 . 8  5 . 7 6 0 . 03 5  0 . 0 0 8 2  6 5 . 3  
202 . 00 5 6 . 7  5 . 7 5 0 . 07 3  0 . 0126  61 . 6  
2 02 . 0 0 5 6 . 5  5 .  7 2  o .  0 7 2  0 . 0145  62 . 0  
2 01 . 15 5 6 . 3  5 . 7 0 0 . 0 36 0 . 0 0 9 7  7 0 . 3 
2 0 0 . 0 0 5 5 . 2  5 . 5 9 0 . 02 2  0 . 0031  7 7 . 3  
2 0 0 . 0 0 5 5 . 0  5 . 57 0 . 02 3  0 . 0037  7 3 . 0  
2 0 0 . 00 54 . 9  5 . 5 6 0 . 02 8  0 .  0041  7 0 . 4  
200 . 0 0 54 . 8  5 . 5 5 0 . 03 0  0 . 0 0 4 7  6 8 . 3  
2 00 . 0 0 5 4 . 6  5 . 5 3 0 . 0 3 6  0 . 0 0 5 5  6 7 . 6  
2 0 0 . 01  54 . 4  5 . 5 1 0 . 04 0  0 . 0 0 6 4  6 5 . 8  
2 0 0 . 0 0 5 3 . 8  5 . 4 5 0 . 0 8 7  0 . 02 2 9  6 0 . 0  
1 9 8 . 0 0 5 2 . 6  5 . 3 3 0 . 02 3  0 . 0 0 4 2  7 1 . 8  
197 . 9 9 52 . 3  5 . 3 0 0 . 02 8  0 . 0 0 5 4  69 . 4  
19 8 . 0 0 5 2 . 1  5 . 2 8 0 . 0 3 3  0 . 0063  6 6 . 8  
1 9 8 . 0 0 5 2 . 0  5 . 2 7 0 . 036 0 . 0063  &5 .  6 
19 8 . 0 0 51 . 9  5 . 2 6 0 . 03 9  0 . 0072  6 4 . 3  
1 9 8 . 0 0 51 . 2  5 . 1 9 0 . 0 6 9  0 . 0161  6 1 . 0 
196 . 0 0 4 9 . 3  5 . 0 0 0 . 0 3 5  0 . 0 0 7 5  6 3 . 9  
196 . 0 0 4 9 . 1  4 . 9 8 0 . 04 2  0 . 0091  6 2 . 9  
196 . 0 0 4 8 . 5  4 . 9 1 0 . 0 7 5  0 . 0203  5 9 . 2  

(cont . )  



Alkanes : Ternary and Multicomponent Systems 

COMPONENTS :  

1 .  Methane; CH4 ;  [ 74 - 8 2- 8 )  
2 .  Butane; C 4 H 1 o i  [ 1 0 6 - 9 7- 8 )  
3 .  Octane; C a H 1 e i  [ 111-65-9 ) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Hottovy , J .  D . ;  Kohn , J .  P . ;  

Luks , K .  D .  

J.  Ch ern . Eng . Data 

198 2 ,  2 7 ,  2 9 8 - 3 0 2 . 

Data for octane-rich liquid phase . 

Type of data T/K 

2 0 6 . 39 
2 0 5 . 6 3 
2 0 3 . 9 0 
2 0 3 . 6 2 
2 0 3 . 4 1 
2 0 1 .  4 5  
2 0 0 . 2 0 
1 9 8 . 9 3 
1 9 6 . 31 
196 . 0 9 
1 9 5 . 07 
194 . 85 
194 . 10 
1 9 3 . 91 
2 0 4 . 0 0 
2 0 4 . 00 
2 03 . 79 
2 0 3 . 0 0 
2 0 2 . 0 0 
2 0 2 . 0 0 
2 0 2 . 0 0 
2 0 0 . 0 0  
2 0 0 . 00 
2 0 0 . 0 0 
2 0 0 . 0 0 
2 0 0 . 0 0 
2 0 0 . 0 0 
2 00 . 00 
1 9 8 . 0 0 
19 8 . 0 0  
1 9 8 . 00 . 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 00 
1 9 6 . 00 
1 9 6 . 0 0 
196 . 00 
196 . 0 0 
19 6 . 00 
1 9 6 . 00 
1 9 5 . 0 0 

P /atm 

6 3 . 0 
6 2 . 2  
59 . 9  
5 9 . 5  
59 . 3  
5 6 . 9  
5 5 . 6  
5 4 . 1  
5 0 . 2  
4 9 . 8  
4 8 . 1  
4 7 . 6  
4 6 . 3  
4 6 . 0  
5 9 . 6  
59 . 5  
5 9 . 1  
5 8 . 6  
5 7 . 1  
5 7 . 0  
5 6 . 6  
5 5 . 2  
5 5 . 2 
54 . 6  
5 4 . 6  
5 4 . 0  
5 3 . 9  
5 3 . 7  
5 2 . 7  
5 2 . 6 
5 2 . 3  
5 2 . 2  
51 . 7  
5 1 . 6  
5 1 . 6  
5 1 . 2  
5 1 . 1  
4 9 . 4  
4 9 . 3 
4 8 . 9  
4 8 . 8  
4 8 . 5  
4 8 . 4  
4 7 . 1  

P /MPa 

6 . 3 8 
6 . 30 
6 . 07 
6 . 0 3 
6 . 01 
s. 77 
5 . 6 3 
5 . 4 8  
5 . 09 
5 . 05 
4 . 87 
4 . 8 2 
4 . 6 9 
4 . 6 6 
6 . 0 4  
6 . 0 3 
5 . 9 9 
5 . 94 
5 . 7 9 
5 . 7 8 
5 . 7 3 
5 . 5 9 
5 . 59 
5 . 5 3 
5 . 5 3 
5 . 47 
5 . 4 6 
5 . 4 4 
5 . 3 4 
5 . 3 3 
5 . 30 
5 . 29 
5 . 2 4 
5 . 23 
5 . 23 
5 . 19 
5 . 18 
5 . 01 
5 . 0 0 
4 . 9 5 
4 . 94 
4 . 9 1 
4 . 9 0 
4 . 77 

Mole fractions 

0 . 113 
0 . 12 7  
0 . 14 5  
0 . 149  
0 . 15 3  
0 . 15 9  
0 . 1 5 6  
0 . 14 9  
0 . 14 5  
0 . 14 7  
0 . 14 6  
0 . 14 8  
0 . 14 2  
0 . 1 4 4  
0 . 10 9  
0 . 114 
0 . 11 0  
0 . 1 5 0  
0 . 15 1  
0 . 14 6  
0 . 130  
0 . 15 2  
0 . 15 2  
0 . 151 
0 . 15 3  
0 . 137 
0 . 13 9  
0 . 121  
0 . 14 6  
0 . 14 7  
0 . 15 0  
0 . 15 3  
0 . 14 6  
0 . 15 0  
0 . 15 1  
0 . 13 7  
0 . 13 1  
0 . 14 9  
0 . 14 9  
0 . 14 8  
0 . 147  
0 . 127 
0 . 12 2  
0 . 11 8  

0 . 0 3 2  
0 . 0 39  
0 . 0 6 3  
0 . 06 8  
0 . 0 7 2  
0 . 107  
0 . 131 
0 . 161  
0 . 16 2  
0 . 15 8  
0 . 12 8  
0 . 12 3  
0 . 09 8  
0 . 0 9 7  
0 . 0 3 0  
0 . 03 3  
0 . 03 0  
0 . 0 6 8  
0 . 07 1  
0 . 06 7  
0 . 04 9  
0 . 12 7  
0 . 12 8  
0 . 10 4  
0 . 10 3  
0 . 0 6 4  
0 . 0 6 3  
0 . 0 4 5  
0 . 16 1  
0 . 16 0  
0 . 1 3 0  
0 . 127 
0 . 1 05  
0 . 101 
0 . 1 0 0  
0 . 0 6 7  
0 . 0 6 0  
0 . 12 9  
0 . 12 3  
0 . 10 3  
0 . 0 9 8  
0 . 0 6 0  
0 . 0 5 5  
0 . 05 4  

409 

Molar 
volume 

/cm 3mol- 1 

6 2 . 6  
61 . 1  
5 9 . 4  
6 0 . 3  
6 2 . 5  
6 4 . 1  
6 6 . 0  
6 8 . 4  
6 8 . 3  
6 8 . 1  
6 5 . 6  
6 5 . 5  
6 3 . 2  
61 . 7  
5 9 . 9  
6 0 . 1  
6 0 . 2  
6 1 . 0  
6 2 . 1  
6 1 . 6  
6 0 . 2 
6 4 . 4  
6 4 . 7  
6 3 . 2  
6 3 . 8  
6 1 . 3  
61 . 5  
6 0 . 3  
67 . 7  
6 8 . 2  
6 5 . 2  
6 6 . 0  
6 3 . 0 
6 3 . 6  
6 3 . 8  
6 1 . 0  
6 0 . 2  
6 5 . 4  
6 4 . 9  
6 3 . 5  
6 3 . 2  
5 9 . 7  
6 0 . 4  
59 . 4  



41 0 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH 4 :  [ 7 4-8 2-8 ] 
2 .  2 , 2 -Dimethylpropane (neopentane ) ;  

C sH 1 2 ; [ 4 63-82-1]  
3 .  Pentane ; C s H 1 2 : [ 1 0 9-66-0]  

Prodany , N .  W . : Williams , B .  

J .  Chern.  Engng . Data 

19 7 1 ,  1 6 ,  1- 6 .  

VARIABLES : P REPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES :  

T/K = 34 4 . 2 6 (TjDF = 16 0 )  

Mole fractions 
P/MPa p/psi in liquid in vapor 

Comp . l  Comp. 2 Comp . 3 Comp . l  Comp . 2  Comp . 3  

3 . 4 7 503  0 . 1407  0 . 2165  0 . 6 4 2 9  0 . 8451  0 . 0577  0 .  0972  
5 . 1 8 751  0 . 2 0 5 8  0 . 1 997  0 . 5945  0 . 8 714 0 . 0459  0 . 0 8 2 7  
6 . 9 4 1006  0 . 2 7 8 1 0 . 1 760  0 . 5 4 5 9  0 . 8 7 8 7  0 . 0 4 0 6  0 . 0 8 0 7  
8 . 6 3 1251 0 . 3375  0 . 1641 0 . 4 98 5  0 .  8 7 7 8  0 . 0 4 0 4  0 . 0 8 1 8  

10 . 3 8  1 5 0 5  0 . 3 9 9 8  0 . 1 4 8 2  0 . 4 5 2 0  0 . 8 6 9 9  0 . 0410  0 . 0891  
12 . 1 3 1759  0 . 4 6 0 7  0 . 1314 0 . 4 0 7 9  0 . 8 5 4 6  0 . 0 4 2 9  0 . 10 2 5  
13 . 8 8 2013  0 . 5500  0 . 1112 0 . 3 3 8 8  0 . 8052  0 . 0 536  0 . 14 1 3  
14 . 6 2 2120  0 . 6019  0 . 0976  0 . 3005  o .  7753  0 . 0591  0 . 1655  

AUXILIARY INFORNATION 

METHOD /APPARATUS/PROCEDURE : 

Stirred equilibrium cell fitted 
with vapor and liquid sampling 
valve s .  Temperature measured with 
mercury in glass thermometer . 
Pressure measured with Bourdon 
gauge . Cell charged with com-
ponents and contents equilibrated . 
Vapor and liquid samples withdrawn 
through pressure lock systems . 
Analysed using gas chromatography . 
Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phi llips Petroleum Co . sample , 
9 9 . 3  mole per cent ( 0 . 6  mole 
per cent nitrogen , 0 . 1  mole per 
cent ethane)  . 

2 and 3 .  Phillips Petroleum Co . 
samples , purities 99 . 8  and 
99 . 9  mole per cent , 
respective ly . 

ESTIMATED ERROR: 

oT/K = ± 0 . 3 ;  oP/MPa = ± 0 . 0 2 ;  
OXCH4 = ± 0 . 7 5 % . 

REFERENCES : 



Alkanes: Ternary and M ulticomponent Systems 

COMPONENTS :  

1 .  Methane : CH4; [ 7 4 - 8 2 - 8 ] 
2 .  2-Methylbutane (i s o pentane) ; 

C s H 1 2 1  [ 7 8-78-4 ] 
3 .  Pentane; C 5 H 1 2 : [ 1 09-6 6 - 0 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Prodany , N .  W . ;  Williams , B .  

J. Chem . Engng . Data 

1 97 1 ,  1 6 ,  l-6 . 

PREPARED BY : 

C .  L .  Young 

Mole fractions P/MPa p/psi in l iquid in vapor 
Comp . l  Camp . 2 Camp . 3 Comp . l  Comp . 2  Comp . 3  

3 4 4 . 2 6 
( 1 6 0 )  

377 . 5 9 
2 2 0 )  

4 10 . 9 3 
2 8 0 )  

3 . 4 7 
5 . 2 1 
6 . 92 

1 0 . 2 9 
1 3 . 6 2 
1 3 . 7 6 
1 5 . 6 4 

3 . 50 
5 . 19 
6 . 8 6 
8 .  7 1  

10 . 4 7 
1 2 . 17 
14 . 11 

3 .  7 2  
3 . 7 3 
5 . 2 2 
5 . 2 4 
6 . 9 0 
7 . 11 
8 . 6 4 
8 . 6 5 

1 0 . 7 9 

5 0 4  
7 5 5  

1 0 0 3  
1 4 9 3  
1 9 7 5  
1 9 9 5  
2 2 6 8  

5 0 7  
7 5 3  
9 9 5  

1 2 6 3  
1 5 1 9  
1 7 6 5  
2 0 4 7  

5 3 9  
5 4 1  
757  
760  

1 0 0 1  
1031 
1253  
1255  
1565  

0 . 1 3 8 6  
o .  2114 
0 . 2 7 3 8  
0 . 4 0 5 7  
0 . 5 0 3 8  
0 . 5 2 1 0  
0 . 5 9 3 4  
0 . 1 2 02 
0 . 1 8 6 7  
0 . 2 5 1 3  
0 . 3191 
0 . 3 8 8 7  
0 . 4 5 3 7  
0 . 5 5 5 2  
0 . 0 9 9 8  
0 . 1 0 3 0  
0 . 16 4 2  
0 . 1 6 2 2  
0 . 2 3 11 
0 . 2 4 17 
0 . 3 0 6 4  
0 . 3 0 4 2  
0 . 4 5 3 3  

0 . 2 2 2 7  
0 . 2 0 5 8  
0 . 18 8 8  
0 . 1 5 3 6  
0 . 1 2 9 0  
0 . 1 2 2 9  
0 . 1 0 3 9  
0 . 2 1 9 8  
0 . 2 0 4 7  
0 . 1 8 7 6  
0 . 1716 
0 . 15 4 0  
0 . 1391 
0 . 1117 
0 . 2 1 9 6  
0 . 2 3 2 1  
0 . 2 1 4 3  
0 . 2 0 17 
0 . 1 8 6 6  
0 . 1 9 5 6  
0 . 1 6 4 4  
0 . 17 9 7  
0 . 1 3 8 4  

0 . 6 3 8 7  
0 . 5 8 2 8  
0 . 5 3 7 4  
0 . 4 4 0 8  
0 . 3 672 
0 . 3 5 6 1  
0 . 3 2 07 
0 . 6 5 9 9  
0 . 6 0 8 6  
0 .  5 6 1 1  
0 . 5 0 9 3  
0 . 4 5 7 3  
0 . 4 0 7 2  
0 . 3 3 3 1  
0 . 6 8 0 6  
0 . 6 6 4 9  
0 . 6 2 1 5  
0 . 6 3 6 1  
0 . 5 8 2 2  
0 . 5 6 2 8  
0 . 5 2 9 1  
0 . 5 1 6 1  
0 . 4 0 8 3  

o .  8 7 1 2  
0 . 8 9 3 9  
0 . 8 971 
0 . 8 8 9 0 
0 . 8 4 8 8  
0 . 8 4 1 9  
0 . 7 5 8 5  
0 . 7 4 4 5  
0 . 7 8 7 8  
0 . 8 0 9 6  
0 . 8 1 0 0  
0 . 8 0 0 6  
o.  7 7 0 6  
0 . 74 7 0  
0 . 5 6 3 3  
0 . 5 6 8 2  
0 . 6 2 9 2  
0 . 6 3 0 3  
0 . 6 6 2 3  
0 . 6 6 4 6  
0 . 6 7 3 8  
0 . 6 7 4 5  
0 . 6 1 5 6  

0 . 0 3 9 5  
0 . 0 3 0 5  
0 . 02 9 6  
0 . 03 0 7  
0 . 0 4 0 5  
0 . 04 2 2  
0 . 0 6 3 2  
0 . 0701 
o .  0 5 7 7  
0 . 0 5 1 0  
0 . 0 5 0 9  
0 . 0 5 2 7  
0 . 0 6 1 3  
0 . 0 6 5 2  
0 . 11 6 2  
0 . 1197 
0 . 1 0 2 0  
0 . 0 9 6 7  
0 . 0 8 6 6  
0 . 0 9 1 0  
0 . 0 8 0 9  
0 . 0 8 7 0  
0 . 0 9 9 4  

o .  0 8 9 2  
0 . 0 7 5 5  
0 . 0 7 3 3  
0 . 0 8 0 3  
0 . 1107 
0 . 11 5 9  
0 . 17 8 3  
0 . 1 8 5 4  
0 . 15 4 5  
0 . 1 3 9 4  
0 . 1391 
0 . 14 6 6  
0 . 16 8 1  
0 . 1 8 7 8  
0 . 32 0 5  
0 . 3 1 2 0  
0 . 2 6 8 7  
0 . 2 7 3 0  
0 . 2 510 
0 . 2 4 4 4  
0 . 24 5 2  
0 . 2 3 8 5  
0 . 2 8 5 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Stirred equi librium cel l  fitted 

with vapor and liquid sampl ing 
valves . Temperature measured with 
mercury in glass thermometer . 

Pressure measured with Bourdon 
gauge . Cel l  charged with com

ponents and contents equilibrated . 

Vapor and liquid samples withdrawn 

through pressure lock systems . 

Analysed using gas chromatography . 
Detai ls in source . 

J I 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phi l lips Petroleum Co . sample , 
9 9 . 3  mole per cent ( 0 . 6  mole per 
cent nitrogen , 0 . 1  mole per cent 
ethane ) . 

2 and 3 .  Phi l lips Petroleum Co . 
samples , purities both 
9 9 . 9  mole per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 3 ;  oP/MPa = ± 0 . 02 ;  

o.:x:CH4  = ± 0 . 7 5 % . 

REFERENCES : 

41 1 



4 1 2  Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ]  
2 .  Pentane ; C 5H 1 2 ; [ 1 0 9 -66-0 ] 
3 .  Octane ; C 8 H 1 8 ;  [ 1 1 1 -65-9]  

VARIABLES : 

EXPERIMENTAL VALUES : 

Phases in 
equilibrium T/K P/ atm 

ORIGINAL MEASUREMENTS : 

Merrill , R .  C . ; Luks , K .  D , ; 
Kohn , J. P .  
J ,  Chern .  Eng . Data 

1 9 8 3 ,  2 8 , 210- 2 1 5 .  

PREPARED BY : 

P/MPa 

C .  L .  Young 

Mole fractions of 
pentane octane 

xC s H 1 2 xC s H t s 

Data for_octane-lean phase ,-�� 2 
196 . 9 6 52 . 6 0 5 . 330 0 .  0077  0 . 0 0 1 8  
196 . 9 7 52 . 6 0 5 . 3 30 0 . 0 0 7 8  0 . 0 0 1 9  
1 9 7 . 7 3  53 . 0 8 5 . 3 7 8  0 . 0 090  0 . 0 027 
200 . 6 1 57 . 0 5 5 . 7 8 1  0 . 0 1 6 2 0  0 .  0 0 1 1  
200 . 7 1 57 . 0 8 5 . 7 8 4  0 . 0 1 4 5 0 0 . 0 0 1 9  
1 9 1 . 8 6  44 . 8 1 4 . 5 40  0 . 0 236 0 . 0 044  
1 9 2 . 1 5 45 . 9 3 4 . 6 54 0 . 0 1 9 2  0 . 0 027 
192 . 8 3 46 . 3 7 4 . 6 9 8  0 . 0 1 7 9  0 . 0035  
1 9 3 . 2 2 47 . 4 3  4 . 8 0 6  0 . 01 5 1  0 . 0 023  
1 9 0 . 0 0 4 1 . 9 3 4 . 2 4 9  0 . 0631  0 . 0 0 9 1  
1 9 2 . 0 0 44 . 9 3 4 . 5 53 0 . 0310  0 . 0 0 4 5  
192 . 0 0 4 5 . 0 5 4 . 5 65 0 . 02 4 0  0 . 0 075 
1 9 2 . 0 0 45 . 2 1 4 . 5 8 1  0 . 02 5 2  0 . 0 0 4 8  
194 . 0 0 47 . 8 4 4 . 8 4 7  0 . 0 1 9 1  0 . 0 066 
194 . 0 0 47 . 9 4 4 . 858  0 . 0 1 7 4  0 . 0 052  
194 . 0 0 48 . 0 1 4 . 8 65 0 . 0 1 6 5  0 . 0 050  
194 . 0 0  4 8 . 5 1 4 . 9 15  0 . 0 1 3 2 0 . 0 033  
194 . 0 0 48 . 5 8 4 . 9 22 0 . 0135  0 . 0 0 2 9  
194 . 0 0 48 . 6 5 4 . 9 29  0 . 0 1 1 3  0 . 0 026 
194 . 0 0 48 . 7 2 4 . 9 37 0 . 0 1 2 2  0 . 0 034  
196 . 0 0 50 . 6 9 5 . 136  0 . 0 1 5 4  (CO:J.t , )  0 ,  0 0 5 6  

AUX I L I ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Glass equilibrium cell . Temperature 
measured with platinum resi stance 
thermometer and pressure with 
Bourdon gauge . Stoichiometry and 
volumetric measurements were used 
to obtain liquid phase compositions 
and molar volumes . Gas phase 
as sumed to be pure methane except 
for L 1 , L 2  = V equi librium . Molar 
volume data in source . Detai ls of 
apparatus in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Linde , Ultra Pure grade sample , 
purity 99 . 97 moles per cent . 

2 .  Phillips Petro leum Co . sample , 
purity 9 9  moles per cent . 

3 .  Humphrey Chemical Co . sample , 
purity 99 moles per cent . 

ESTIMATED ERROR: 

oT/K = ±0 . 0 3 ;  oP/MPa = ±0 . 0 0 7 ; 
ox /x = ±0 . 0 2 in Lt phase , 

± 0 . 0 8  in L, ohase . 
REFERENCES : 

1 .  Hottovy , J. D .  ; Kohn , J. P . ;  
Luks , K .  D .  
J. Chern. Eng . Data 

1 9 8 1 , 2 6 , 135 . 



Alkanes: Ternary and Mu lticomponent Systems 413  

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH4 ; [ 7 4-82-8 ] Merrill , R. c . ; Luks , K .  D • ; 
2 .  Pentane ; C s H 1 2 ; [ 10 9-66-0 ] Kohn , J. P .  
3 .  Octane ; C a H1 a ;  [ 1 1 1 -65-9 ]  J .  Chern.  Eng . Data 

1 9 8 3 ,  2 8 , 210- 2 1 5 . 

EXPERIMENTAL VALUES : Mole fractions of 
Phases in T/K P/ atrn P /MPa pentane octane 

equilibrium .xC sH 1 2 .xC a H 1 a 

L 1 , L 2 , V  1 9 6 . 00 5 0 . 8 9 5 . 1 5 6  0 . 0 1 4 0  0 . 0 0 4 3  
1 9 6 . 0 0 5 1 . 2 3 5 . 1 9 1  0 . 0 0 9 9  0 . 0 0 2 8  
1 9 6 . 0 0  5 1 . 3 7 5 . 2 0 5  0 . 0 0 8 4  0 . 0 0 2 2  
1 9 6 . 0 0  5 1 . 4 4 5 . 2 1 2  0 . 0 0 7 9  0 . 0 0 2 0  
1 9 8 . 0 0  5 3 . 1 4 5 . 3 8 4  0 . 0 3 6 6  0 . 0 020  
1 9 8 . 00 5 3 . 2 8  5 . 3 9 9  0 . 0 2 4 8  0 . 0 0 1 4  
1 9 8 . 0 0 5 3 . 4 7  5 . 4 1 8  0 . 0 1 5 1  0 . 0 0 0 9  
2 0 0 . 0 0  5 5 . 7 5 5 . 6 4 9  0 . 0 3 9 9  0 . 0 0 2 0  
2 0 0 . 0 0  55 . 8 1 5 . 6 5 5  0 . 0 3 3 9  0 . 0 0 2 0  
2 0 0 . 0 0 55 . 8 9  5 . 6 63 0 . 0 3 3 2  0 . 0 0 1 3  
2 0 0 . 0 0 5 5 . 9 6 5 . 6 7 0  0 . 0306  0 . 0 0 1 6  

Data for octane-rich Ehase 1 L1 
L1 , L2 = v 1 9 5 . 95 5 1 . 4 4 5 . 2 1 2  0 . 176  0 . 1 3 7  

1 9 6 . 31 5 1 . 8 5 5 . 2 54  0 . 2 20  0 . 1 1 3  
1 9 6 . 67 52 . 33 5 . 3 0 2  0 . 1 8 9  0 . 1 1 4  
1 9 9 . 84 4 9 . 34 4 . 9 99  0 . 1 72  0 . 0 3 1  
2 0 0 . 3 5 56 . 84 5 . 7 5 9  0 . 1 0 4  0 . 0 1 5  
2 0 1 . 2 8  5 8 . 4 1 5 . 9 1 8  0 . 135  0 . 0 1 4  

S , L 1 , L 2 , V  1 8 9 . 32 4 1 . 7 1 4 . 2 26 0 . 1 63  0 . 0 8 1  
1 9 0 . 75 4 3 . 6 2 4 . 4 2 0  0 . 1 6 9  0 . 1 0 4  
1 9 1 . 79 4 5 . 1 1 4 .  5 7 1  0 . 1 8 5  0 . 0 96  

L1 - L2 , V  1 9 3 . 5 8 46 . 97 4 . 7 5 9  0 . 1 00  0 . 0 1 8  
1 9 3 . 75 47 . 1 0  4 . 7 72 0 . 1 0 4  0 . 0 1 9  
1 9 6 . 09 50 . 1 2 5 . 0 7 8  0 . 0 9 0  0 . 0 1 3  
1 9 6 . 25 50 . 4 1  5 . 1 0 8  0 . 0 9 3  0 . 0 1 4  
1 9 7 . 90 5 2 . 7 2 5 . 3 4 2  0 . 0 9 1  0 . 0 1 0  
1 9 9 . 22 54 . 55 5 . 5 2 7  0 . 0 79  0 . 0 0 7  
1 9 9 . 54 55 . 07 5 . 5 8 0  0 . 0 8 6  0 . 0 0 8  

L1 , L2 , V  1 9 0 . 0 0  42 . 27 4 . 2 8 3  0 . 1 5 3  0 . 0 5 8  
1 9 0 . 00 42 . 37 4 . 2 93  0 . 1 6 3  0 . 0 7 1  
1 9 2 . 0 0 4 4 . 8 9  4 . 5 4 8  0 . 1 6 2  0 . 0 6 1  
1 9 2 . 0 0  4 4 . 9 7 4 . 5 57 0 . 1 70  0 . 0 74  
1 9 2 . 0 0 45 . 2 5 4 . 5 8 5  0 . 1 8 0  0 . 1 0 9  
1 9 2 . 0 0 4 5 . 3 9 4 . 5 9 9  0 . 1 9 3  0 . 0 96  
1 9 2 . 00 4 5 . 45 4 . 6 05  0 . 1 99  0 . 1 0 3  
1 9 4 . 00 47 . 4 3  4 . 8 06  0 . 175  0 . 0 6 1  
1 9 4 . 00 47 . 6 4 4 . 8 27 0 . 1 6 9  0 . 0 64  
1 9 4 . 00 47 . 8 2 4 . 8 4 5  0 . 1 74 0 . 0 7 6  
1 9 4 . 00 47 . 97 4 . 8 6 1  0 . 1 7 6  0 . 1 0 7  
1 9 4 . 00 4 8 . 3 1 4 . 8 9 5  0 . 1 80  0 . 0 9 0  
1 9 4 . 0 0  4 8 . 3 8 4 . 9 02  0 . 2 02 0 . 1 0 5  
1 9 4 . 0 0  4 8 . 38 4 . 9 02  0 . 2 2 9  0 . 1 1 8  
1 9 6 . 0 0  4 9 . 92 5 . 0 5 8  0 . 1 3 0  0 . 0 24 
1 9 6 . 00 5 0 . 12 5 . 0 7 8  0 . 1 3 0  0 . 0 2 3  
1 9 6 . 0 0 5 0 . 5 6 5 . 1 2 3  0 . 1 7 6  0 . 0 6 1  
1 9 6 . 00 50 . 64 5 . 1 3 1  0 . 1 7 6  0 . 0 67 
1 9 6 . 00 50 . 8 3 5 . 1 50  0 . 1 8 1  0 . 07 9  
1 9 6 . 0 0 5 1 . 17 5 . 1 8 5  0 . 1 8 3  0 . 0 9 1  
1 9 6 . 0 0  5 1 . 27 5 . 2 0 5  0 . 2 25 0 . 1 1 6  
1 9 8 . 0 0  5 3 . 07 5 .  377  0 . 1 4 7  0 . 0 2 8  
1 9 8 . 0 0  5 3 . 69 5 . 4 4 0  0 . 1 8 1  0 . 0 6 3  
1 9 8 . 0 0  5 3 . 8 9 5 . 4 6 0  0 . 1 7 9  0 . 0 6 8  
2 0 0 . 0 0  5 5 . 7 8  5 . 6 5 2  0 . 1 0 4  0 . 0 1 3 3  
2 0 0 . 00 5 5 . 9 9 5 . 6 7 3  0 . 1 2 1  0 . 0 1 4  
2 0 0 . 0 0  5 6 . 3 1  5 . 7 0 6  0 . 1 29  0 . 0 1 5  



41 4 Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 7 4 - 8 2 - 8 ] 
2 .  Hexane ; C G H 1 4 ;  [ 1 1 0 - 5 4 - 3 ] 
3 .  Octane ; C a H 1 a i  [ 1 1 1 - 6 5 - 9 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

Phases in 
equilibrium T/K P/atm 

ORIGINAL MEASUREMENTS : 

Merril l , R .  C . ; Luks , K .  D . ; 

Kohn , J .  P .  
J .  Che rn .  Eng . Data 

1 9 8 3 ,  2 8, 2 1 0- 2 1 5 .  

P REPARED BY : 

P /MPa 

C .  L .  Young 

Mole fractions of 
hexane octane 

Data for octane-lean Ehase , L 2 

1 9 3 . 1 5 4 8 . 2 4 4 .  8 9 2  0 . 0 0 5 4  0 . 0 0 3 4  
1 9 3 . 2 0 4 8 . 4 4 4 . 90 8  0 . 0  0 . 0 1 5 6  
1 9 3 . 6 9 4 8 . 9 6 4 . 9 6 1  0 . 0 0 1 7  0 . 0 0 1 2  
1 9 3 . 8 5 4 8 . 9 4 4 . 9 59  0 . 0 0 1 7  0 . 0 0 2 1  
1 94 . 1 4 4 9 . 37 5 . 0 02  0 . 0 0 9 8  0 . 0 0 1 8  
1 9 4 . 2 9 4 9 . 6 3 5 . 0 2 9  0 . 00 5 1  0 . 0 0 1 3  

1 8 1 . 3 8 32 . 7 6  3 . 3 1 9  0 . 0 3 4 9  0 . 0 0 5 3  
1 8 1 . 9 2 33 . 3 8 3 . 3 8 2  0 . 0 3 3 1  0 . 0 0 4 6  
1 8 2 . 6 1 34 . 20 3 . 4 6 5  0 . 0 2 9 2  0 . 0 0 4 2  
1 8 2 . 2 0 3 6 . 1 6 3 . 6 6 4  0 . 0 1 8 5  0 . 0 0 6 7  
1 8 7 . 6 2 4 0 . 5 9 4 . 1 1 3  0 . 0 1 34 0 . 0 0 3 0  
1 9 1 . 94 4 6 . 2 9 4 . 6 9 0  0 . 0 0 6 8  0 . 0 0 2 9  
1 9 2 . 0 0 4 6 . 6 5 4 .  727  0 . 0 0 5 9  0 . 0 0 2 1  
1 9 2 . 2 0 4 6 . 5 6  4 .  7 1 8  0 . 0 0 7 5  0 . 0 0 3 6  

1 8 2 . 0 0 33 . 3 8 3 . 3 8 2  0 . 0 347  0 . 0 0 34 
1 8 2 . 0 0 33 . 3 8 3 . 3 8 2  0 . 0 3 3 5  0 . 0 0 3 3  
1 8 2 . 0 0 33 . 4 4 3 . 3 8 8  0 . 0 3 97 0 . 0 0 1 9  
1 8 2 . 00 33 . 4 4 3 . 3 8 8  0 . 0 4 37 0 . 0 0 37 
1 8 2 . 0 0 33 . 4 5 3 . 3 8 9  0 . 0 3 1 3  0 . 0 0 3 9  
1 8 2 . 00 33 . 5 1 3 . 3 95 0 . 0 3 3 0  0 . 0 0 3 9  
1 8 2 . 0 0 33 . 6 4 3 . 4 0 9  0 . 0 4 7 8  (cont . )  0 . 0 0 2 2  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURI TY OF MATERI ALS : 

Gla s s  equilibrium cell .  Temperature 1 .  Linde Ultra Pure grade sample , 

measured with platinum resistance purity 99 . 97 moles per cent . 

thermometer and pressure with 

Bourdon gauge . Stoichiometry and 

volumetric measurements were used to 
obtain liquid phase compositions and 

molar volumes . Gas phase assumed 

to be pure methane except for L 1 , L 2  
= v equilibrium . Molar volume 
data in source . Details of appa
ratus in ref . ( 1 ) . 

2 .  and 3 .  Humphrey Chemical Co . 
samples of purity 99 moles per 
cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 3 ;  oP/MPa = ±0 . 0 07 ; 
ox/x = ± 0 . 0 2 in L 1 phase 

± 0 . 0 8 in L2 phase . 
REFERENCES ; 

1 .  Hottovy , J .  D . ; Kohn , J .  P .  ; 
Luks , K .  D .  

J .  Chern.  Eng . Data 

1 9 8 1 , 26, 1 3 5 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-8 2-8 ] Merrill , R .  C .  I. Luks , K .  D . ; 
2 .  Hexane ; C G H 1 4 1  [ 1 1 0 - 5 4- 3 ]  Kohn , J .  P .  
3 .  Octane ; CaH1 a l  [ 1 1 1-65-9 ] J.  Chern . Eng . Data 

1 9 8 3 ,  28, 2 1 0-2 1 5 . 

EXPERIMENTAL VALUES : 
Mole fractions of 

Phases in T/K P/atm P/MPa hexane octane 
equilibrium XC 6 H l 4  XCaH 1 e  

L 1 , L 2 , V  1 8 0 . 0 0 3 1 . 3 3 3 . 1 7 5  0 . 0 4 2 9  0 . 0 0 5 3  
1 8 0 . 0 0  3 1 . 3 3 3 . 1 7 5  0 . 0 4 0 5  0 . 0 0 5 0  
1 8 0 . 0 0  3 1 . 4 0 3 . 1 8 2  0 . 0 5 0 5  0 . 0 0 4 0  
1 7 8 . 0 0  29 . 2 8 2 . 9 67 0 . 0 7 9 8  0 . 0 0 3 8  
1 7 8 . 0 0  2 9 . 2 9 2 . 9 6 8  0 . 0 4 4 9  0 . 0 0 5 6  
1 8 4 . 0 0 3 5 . 5 5 3 . 60 2  0 . 0 4 7 9  0 . 0 0 3 6  
1 8 4 . 0 0 3 5 . 6 2 3 . 6 0 9  0 . 0 3 1 7  0 . 0 0 4 3  
1 8 4 . 0 0  35 . 6 2  3 . 6 0 9  0 . 0 3 9 5  0 . 0 0 3 5  
1 8 4 . 0 0 3 5 . 6 2 3 . 6 0 9  0 . 0 3 9 6 0 . 0 0 3 1  
1 8 4 . 0 0  3 5 . 6 9 3 . 6 1 6  0 . 0 2 5 0  0 . 0 0 6 9  
1 8 4 . 0 0  35 . 6 9  3 . 6 1 6  0 . 0 2 7 8  0 . 0 0 9 0  
1 8 4 . 0 0 3 5 . 6 9 3 . 6 1 6  0 . 0 359  0 . 0 0 5 5  
1 8 4 . 0 0  35 . 7 6 3 . 6 2 3  0 . 0 3 4 0  0 . 0 0 3 4  
1 8 4 . 0 0 3 5 . 8 2 3 . 6 2 9  0 . 0 3 7 9  0 . 0 0 3 0  
1 8 4 . 0 0 3 5 . 9 6 3 . 6 4 4  0 . 0 2 6 1  0 . 0 0 4 2  
1 8 6 . 0 0 37 . 8 7 3 . 8 37 0 . 0 2 8 0  0 . 0 0 3 6  
1 8 6 . 0 0  37 . 9 3 3 . 8 4 3  0 . 0 3 3 5  0 . 0 0 2 2  
1 8 6 . 0 0 3 8 . 0 0 3 . 8 5 0  0 . 0 34 3  0 . 0 0 0 6  
1 8 6 . 0 0 3 8 . 0 0 3 . 8 5 0  0 . 0 2 9 1  0 . 0 0 2 2  
1 8 6 . 0 0 3 8 . 0 7 3 . 8 5 7  0 . 0 3 1 2  0 . 0 0 2 1  
1 8 6 . 0 0 3 8 . 1 4 3 . 8 6 5  0 . 0 2 1 9  0 . 0 0 2 5  
1 8 6 . 0 0  3 8 . 2 0 3 . 8 7 1  0 . 0 2 3 9  0 . 0 02 7  
1 8 6 . 0 0  3 8 . 2 0 3 . 87 1  0 . 0 3 0 7  0 .  0 0 1 1  
1 8 6 . 0 0 3 8 . 2 1 3 . 8 7 2  0 . 0 3 3 4  0 . 0 0 0 6  
1 8 8 . 0 0  4 0 . 3 1 4 . 0 8 4  0 . 0 2 1 3  0 . 0 0 37 
1 8 8 . 0 0  4 0 . 3 1 4 . 0 8 4  0 . 0 2 8 6  0 . 0 0 2 2  
1 8 8 . 0 0 4 0 . 5 2 4 . 1 0 6  0 . 0 2 5 9  0 . 0 027 
1 8 8 . 0 0  4 0 . 5 8 4 . 1 1 2  0 . 0 2 7 4  0 . 0 0 2 0  
1 8 8 . 0 0  4 0 . 5 9 4 . 1 1 3  0 . 0 1 9 1  0 . 0 0 6 2  
1 8 8 . 0 0  4 0 . 5 9 4 . 1 1 3  0 . 0 2 8 7  0 . 0 0 2 2  
1 8 8 . 0 0 4 0 . 7 2 4 . 1 2 6  0 . 02 8 1  0 . 0 0 1 9  
1 8 8 . 00 4 0 . 9 3 4 . 1 4 7  0 . 0 1 1 9  0 . 0 0 3 7  
1 9 0 . 0 0 4 2 . 9 0  4 . 3 47  0 . 0 2 5 5  0 . 0 0 1 8  
1 90 . 0 0  4 2 . 9 0 4 . 3 4 7  0 . 0 2 4 9  0 . 0 0 1 8  
1 9 0 . 00 4 3 . 17 4 . 37 4  0 . 0 1 8 8  0 . 0 0 1 6  
1 9 0 . 00 4 3 . 1 7 4 . 37 4  0 . 0 2 3 4  0 . 0 0 1 6  
1 9 0 . 00 4 3 . 17 4 . 37 4  0 . 0 2 4 5  0 . 0 0 1 7  
1 9 0 . 0 0  4 3 . 52 4 . 4 1 0  0 . 0 10 8  0 . 00 2 1  
1 9 2 . 0 0  4 5 . 9 6 4 . 65 7  0 . 0 1 9 9  0 . 0 0 1 3  
1 9 2 . 0 0 4 6 . 2 3 4 . 6 8 4  0 . 0 1 2 3  0 . 0 0 3 7  
1 9 2 . 00 4 6 . 30 4 . 6 9 1  0 . 00 8 9  0 . 0 0 2 5  
1 9 2 . 0 0 4 6 . 3 6 4 . 6 97 0 . 0 0 4 6  0 . 0 0 3 8  
1 9 2 . 0 0  4 6 . 5 8 4 .  7 2 0  0 . 0 0 5 0  0 . 0 0 2 7  
1 9 4 . 0 0 4 8 . 6 8 4 . 9 3 3  0 . 0 1 4 9  0 . 0 0 0 1  
1 9 4 . 0 0  4 9 . 0 9 4 . 9 7 4  0 . 0 0 7 4  0 . 0 0 3 4  
1 9 4 . 0 0  4 9 . 1 6 4 . 9 8 1  0 . 0 0 3 9  0 .  0 0 1 1  

Data for octane-rich Ehase 1 L1 
L 1 , L 2  = v 1 9 3 . 0 6 4 8 . 2 1 4 . 8 8 5  0 . 24 5 0  0 . 20 0 8  

1 9 3 . 3 5 4 8 . 4 9 4 . 9 1 3  0 . 2 5 5 4  0 . 1 4 4 6  
1 9 3 . 5 6 4 9 . 00 4 . 9 6 5  0 . 2 0 4 5  0 . 1 3 8 7  
1 9 3 . 7 6 4 9 . 0 6 4 . 9 7 1  0 . 22 8 8  0 . 1 2 97 
1 9 4 . 2 4 4 9 . 5 3 5 . 0 1 9  0 . 27 1 1  0 . 02 0 1  
1 9 4 . 8 6 5 0 . 2 4 5 . 0 9 1  0 . 2 1 1 9  0 . 0 3 9 0  
1 9 5 . 0 2  5 0 . 3 1 5 . 0 9 8  0 . 25 3 7  0 . 0 1 0 3  

(cent . )  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ) Merril l ,  R .  C . ;  Luks , K .  D • ; 
2 .  Hexane; C s H 1 4 i  [ 1 1 0 -54-3 ) Kohn , J. P .  
3 .  Octane ; C a H 1 e i  [ 1 1 1 -65-9 ] J .  Chern . Eng . Data 

1 9 8 3 , 2 8 ,  2 1 0 -2 1 5 .  

EXPERIMENTAL VALUES : 
Mole fractions of 

Phases in T/K P/atm P/MPa hexane octane 
equilibrium xC s H 1 4  xC e H 1 e 

S , L 1 , L 2 ,V 1 7 4 . 4 8  2 5 . 8 8 2 . 6 22 0 . 1 8 1 9  0 . 0 2 6 1  
1 7 5 . 1 6 26 . 4 9 2 . 6 8 4  0 . 1 7 52 0 . 0 2 6 5  
1 7 6 . 62 27 . 9 9 2 . 8 36 0 . 1 9 9 7  0 . 0 3 7 1  
1 8 4 . 8 0  36 . 3 6 3 . 6 8 4  0 . 2 467  0 . 08 9 8  
1 8 9 . 9 6 43 . 8 2 4 . 4 4 0  0 . 2 0 4 2  0 . 1 3 6 8  
1 9 0 . 5 1 4 4 . 6 0 4 . 5 1 9  0 . 2 1 2 6  0 . 1 4 2 7  
1 9 1 . 9 1 46 . 8 1 4 . 7 4 3  0 . 2 206  0 . 1 7 8 6  
1 92 . 3 6 4 7 . 1 4 4 . 7 76 0 . 2333  0 . 1 9 7 7  

L 1 - L 2 , V  1 7 4 . 6 9  26 . 2 3  2 . 6 58  0 . 1 2 4 7  0 . 0 0 9 7  
1 7 4 . 8 4 26 . 1 7 2 . 6 5 2  0 . 1 5 07 0 . 0 0 8 7  
1 7 5 . 9 4 2 7 . 25 2 . 7 6 1  0 . 1 5 5 7  0 . 0 1 2 1  
1 7 7 . 1 4 2 8 . 3 9 2 .  8 7 7  0 . 0 9 9 9  0 . 0 056  
1 7 7 . 8 1  2 8 . 8 8 2 . 9 26 0 . 1 50 5  0 . 0 0 8 7  
1 7 8 . 2 9  2 9 . 4 8  2 . 9 8 7  0 . 1 2 9 2  0 . 0 063  
1 7 8 . 4 3 2 9 . 6 2 3 . 0 0 1  0 . 1 4 1 1  0 . 0 0 6 8  
1 7 9 . 0 2 29 . 1 6  2 . 9 5 5  0 . 1 5 4 7  0 . 0 0 8 9  

L 1 , L 2 , V 1 8 2 . 9 1 34 . 1 8 3 . 4 63 0 . 1 5 9 2  o . o  Binary mixture 
L1 , L 2 , V  1 7 6 . 0 0 27 . 1 9 2 . 7 5 5  0 . 1 5 8 7  0 . 0 1 3 8  

1 7 6 . 0 0 27 . 3 1 2 . 7 67 0 . 1 94 4  0 . 02 6 4  
1 7 8 . 0 0 29 . 0 2 2 . 9 4 0  0 . 1 4 9 1  0 . 00 8 3  
1 7 8 . 0 0 2 9 . 1 6  2 . 9 5 5  0 . 1 7 5 7  0 . 0 1 5 4  
1 7 8 . 0 0 2 9 . 2 1 2 . 9 60 0 . 1 9 5 9  0 . 0 270  
1 7 8 . 0 0 29 . 2 8 2 . 96 7  0 . 2 0 1 4  0 . 03 7 9  
1 7 8 . 0 0 29 . 2 8 2 . 9 67 0 . 1 5 5 5  0 . 0 0 8 7  
1 7 8 . 0 0 29 . 2 9 2 . 9 6 8  0 . 1777  0 . 0 1 39 
1 8 0 . 00 3 1 . 1 4 3 . 1 5 5  0 . 1 8 8 1  0 . 0 1 6 5  
1 8 0 . 0 0 3 1 . 2 6 3 . 1 6 7  0 . 2 0 4 0  0 . 0 3 8 4  
1 8 0 . 0 0 3 1 . 2 6 3 . 1 6 7  0 . 2 0 5 3  0 . 02 7 8  
1 8 0 . 0 0 3 1 . 3 3 3 . 1 7 5  0 . 1 77 0  0 . 0 0 8 8  
1 8 0 . 0 0 3 1 . 3 3 3 . 1 7 5  0 . 1 9 0 2  0 . 0 1 4 7  
1 8 0 . 0 0 3 1 . 4 0 3 . 1 8 2  0 . 1 8 2 1  0 . 0 1 0 3  
1 8 0 . 0 0 3 1 . 4 6 3 . 1 8 8  0 . 1 8 6 1  0 . 00 9 8  
1 8 2 . 0 0 33 . 2 3 3 . 3 67 0 .  2 2 7 7  0 . 0 3 1 3  
1 8 2 . 0 0 33 . 2 4 3 . 3 6 8  0 . 2 0 3 3  0 . 0 1 1 7  
1 8 2 . 0 0 33 . 2 5 3 . 3 6 9  0 . 2 1 0 5 0 . 0 1 8 4  
1 8 2 . 0 0 3 3 . 3 7 3 . 3 8 1  0 . 22 7 6  0 . 0434  
1 8 2 . 0 0 3 3 . 4 4  3 . 3 8 8  0 . 2 2 0 2  0 . 0 1 7 1  
1 8 4 . 0 0 35 . 5 4 3 . 6 0 1  0 . 2 4 5 1  0 . 0333  
1 8 4 . 0 0 35 . 6 8 3 . 6 1 5  0 . 2 4 8 8  0 . 04 6 5  
1 8 4 . 00 35 . 6 9  3 . 6 1 6  0 . 2 1 7 6 0 . 0 1 25 
1 8 4 . 00 35 . 7 5 3 . 6 2 2  0 . 2 232  0 . 0 1 1 3  
1 8 4 . 0 0 35 . 7 6 3 . 6 2 3  0 . 2 2 7 6  0 . 0 1 9 8  
1 8 4 . 0 0 35 . 9 6 3 . 6 4 4  0 . 2 4 1 5  0 . 0 1 8 8  
1 8 4 . 0 0 36 . 0 2 3 . 6 50 0 . 2 4 1 4  0 . 0 1 8 8  
1 8 6 . 0 0 37 . 7 7 3 . 8 27 0 . 2 2 3 2  0 . 0 1 2 8  
1 8 6 . 0 0 37 . 8 1  3 . 8 3 1  0 . 2 022  0 . 0 1 7 3  
1 86 . 0 0 37 . 9 2  3 . 8 4 2  0 . 2392  0 . 0326  
1 8 6 . 0 0 38 . 0 6 3 . 8 5 6  0 . 2 3 7 5  0 . 04 4 6  
1 8 6 . 00 38 . 0 7 3 . 8 5 7  0 . 2 256 0 .  0 1 1 4  
1 8 6 . 0 0 3 8 . 1 3 3 . 8 64  0 . 2 3 8 0  0 . 08 8 1  
1 8 6 . 0 0 3 8 . 2 0 3 .  8 7 1  0 . 2 3 7 9  0 . 0 1 8 5  
1 8 6 . 0 0 3 8 . 2 0 3 . 8 7 1  0 . 24 7 8  0 . 0 8 4 7  
1 8 8 . 0 0 40 . 2 5 4 . 07 8  0 . 2 5 0 8  0 . 0 1 8 4  
1 8 8 . 0 0 4 0 . 32 4 . 0 8 5  0 . 2 320  0 . 0202  
1 8 8 . 0 0 40 . 3 8 4 . 0 92 0 . 2 6 7 0  0 . 0 3 5 9  

(cont . ) 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2 - 8 )  Merri ll , R .  c . ; Luks , K .  D . ; 
2 .  Hexane ; C s H 1 4 ;  [ 1 1 0 - 5 4 - 3 ) Kohn , J .  P .  
3 .  Octane ; C a H 1 a :  [ 1 1 1- 6 5 - 9 )  J .  Che rn .  Eng . Data 

1 9 8 3 , 2 8 , 2 1 0-2 1 5 . 

EXPERIMENTAL VALUES :  
Mole fractions of 

Phases in T/K P/atm P/MPa hexane octane 
equilibrium XC s H 1 4 xCaH1a 

L 1 , L 2 , V  1 8 8 . 0 0 4 0 . 4 4 4 . 0 9 8  0 . 2 3 4 9  0 . 0 4 4 1  
1 8 8 . 0 0 4 0 . 5 2 4 . 1 0 6  0 . 2 3 6 3  0 . 0 2 3 7  
1 8 8 . 0 0 4 0 . 5 2 4 . 1 0 6  0 . 2 3 9 1  0 . 0 1 8 6  
1 8 8 . 0 0 4 0 . 6 5 4 . 1 1 9  0 . 2 4 0 2  0 . 0 2 6 3  
1 8 8 . 00 4 0 . 6 5  4 . 1 1 9  0 . 2 3 7 8  0 . 0 2 7 9  
1 8 8 . 0 0 4 0 . 7 2 4 . 1 2 6  0 . 2 3 9 0  0 . 0 2 2 0  
1 8 8 . 0 0 4 0 . 7 5 4 . 1 2 9  0 . 2 3 0 1  0 . 0 1 3 2 
1 9 0 . 0 0 4 2 . 8 3 4 . 34 0  0 . 2 3 5 4  0 . 0 1 3 5  
1 9 0 . 0 0 4 2 . 9 0 4 . 34 7  0 . 2 4 3 1  0 . 0 2 2 4  
1 9 0 . 0 0 4 2 . 9 1 4 . 3 4 8  0 . 2 3 8 4  0 . 0 2 0 8  
1 9 0 . 0 0 4 2 . 97 4 . 3 54  0 . 2 4 3 7  0 . 0 3 4 8  
1 9 0 . 0 0 4 3 . 17 4 . 37 4  0 . 2 4 3 3  0 . 0 2 4 4  
1 9 0 . 00 4 3 . 1 7 4 . 37 4  0 . 2 4 4 5  0 . 0 2 6 8  
1 9 0 . 0 0 4 3 . 17 4 . 37 4  0 . 2 4 5 1  0 . 0 2 4 7  
1 9 0 . 0 0 4 3 . 1 7 4 . 3 7 4  0 . 2 3 7 6  0 . 0 4 4 4  
1 9 0 . 0 0 4 3 . 2 3 4 . 38 0  0 . 2 2 7 1  0 . 0 8 2 6  
1 9 0 . 0 0 4 3 . 3 0 4 . 3 8 7  0 . 2 3 1 8  0 . 0 7 9 3  
1 9 2 . 0 0 4 5 . 9 3 4 . 6 5 4  0 . 27 5 4  0 . 02 3 6  
1 9 2 . 0 0 4 5 . 9 6 4 . 6 5 7  0 . 2 6 0 5  0 . 0 4 8 5  
1 9 2 . 0 0 4 5 . 9 6 4 . 6 5 7  0 . 2 6 8 5  0 . 0 3 8 3  
1 9 2 . 0 0 4 6 . 0 9 4 . 6 7 0  0 . 2 7 9 3  0 . 0 2 6 0  
1 92 . 0 0 4 6 . 1 6 4 . 6 77 0 . 2 8 9 8  0 . 1 0 4 7  
1 9 4 . 0 0 4 8 . 6 2 4 . 9 2 6  0 . 2 6 3 4  0 . 02 4 3  
1 9 4 . 0 0 4 8 . 6 9 4 . 9 34  0 . 2 5 9 3  0 . 0 3 7 0  
1 9 4 . 0 0 4 8 . 8 1 4 . 9 4 6  0 . 2 5 8 6  0 . 0 2 2 1  
1 9 4 . 0 0 4 8 . 9 5 4 . 9 6 0  0 . 2 4 5 2  0 . 0 4 5 3  
1 9 4 . 0 0 4 9 . 0 5 4 . 97 0  0 . 27 5 3  0 . 0 2 2 4  



4 1 8  Alkanes: Ternary a n d  Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2 -8 ]  
2 .  Decane ; C 1 o H 2 2 i  [ 124-18 -5 )  
3 .  Dotriacontane ; C s z H s s ;  

[54 4-85-4 ) 

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

330  

335 

* 
P/MPa 

0 . 0  
0 . 50 7  
1 . 01 
2 . 0 3 
3 . 0 4 
4 . 0 5 
5 . 0 7 
6 . 0 8 
7 . 0 9 
8 . 10 
9 . 12 

10 . 1 3 
0 . 0  
0 . 5 0 7  
1 . 0 1 
2 . 0 3 
3 . 0 4 
4 . 0 5 
5 . 0 7 
6 . 0 8  
7 . 0 9 

P/atm 

0 
5 

10 
20 
30 
40 
50 
60 
70 
8 0  
9 0  

100 
0 
5 

10 
20 
30  
40  
50  
6 0  
70  

ORIGINAL MEASUREMENTS : 

Cordeiro , D .  J. ; Luks , K .  D . ; 
Kahn , J. P .  
Ind . Eng .  Chern . Pro ces s . De s .  

De v e Z op . 

1973 , 1 2 ,  4 7-51 . 
PREPARED BY : 

c .  L .  Young 

Mole fraction 
of camp . 3 
in l iquid , 

xC s z H s s  

0 . 3 4 5 7  
0 . 34 4 3  
0 . 3 4 2 5  
0 . 33 8 3  
0 . 3 337  
0 . 32 9 0  
0 . 32 4 1  
0 . 3192  
0 . 3142  
0 . 30 9 3  
0 . 3043  
0 . 29 9 4  
0 . 5622  
0 . 5 5 8 4  
0 . 5 5 4 3  
0 . 5 4 5 5  
0 . 5 3 6 7  
0 . 52 7 9  
0 . 51 9 2  
0 . 5107  
0 . 5 0 2 2  

Mole fraction 
of camp . 1 
in liquid ,  

XCH4 

0 . 0  
0 . 0 2 6 3  
0 . 0515  
0 . 0 9 8 6  
0 . 14 1 9  
0 . 18 1 7  
0 . 2184  
0 . 2522  
0 . 2 8 3 5  
0 . 3123  
0 . 3390  
0 . 3638  
0 . 00 0  
0 . 0 2 8 6  
0 . 0 5 5 9  
0 . 10 6 8  
0 . 15 3 4  
0 . 19 6 1  
0 . 2 353 
0 . 2712  
0 . 3 0 4 2  

(cont . )  

AU XI LI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

A known amount of gas was added to 
a known amount of solvent of known 
composition in a 10 cm 3 glass 
equil ibrium cel l .  Liquid phase 
composition determined from the 
overal l  composition and volume of 
both phase s .  Details in source . 

SOURCE AND PURITY OF MATERIALS: 

1 .  and 2 .  Phil l ips Petroleum Co . 
pure grade samples , purity better 
than 99 mole per cent.  

3 .  Humphrey Chemical Co . sample ,  
minimum purity 97 mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 2 ;  oP/MPa = ± 0 . 0 0 7 ;  
oxCH4 = ± 0 . 0 0 1  ( estimated by 

compiler) .  

REFEREN CES : 



Alkanes: Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2 -8 ] 

2 .  Decane ; C 1 0 H2 2 1  [ 1 2 4 - 1 8- 5 ]  

3 .  Dotriacontane ; C32 H s s i  
[ 54 4- 8 5-4 ] 

EXPERIMENTAL VALUES : 

T/K 

3 3 5  

3 4 0  

* 
P/MPa 

8 . 10 
9 . 12 

1 0 . 1 3 
0 . 0  
0 . 5 0 7  
1 .  0 1  
1 .  5 2  
2 . 0 3 
2 . 5 3 
3 . 04 

* 

P/atm 

8 0  
9 0  

1 0 0  
0 
5 

10 
15 
20 
25 
30  

ORIGINAL MEASUREMENTS : 

Cordeiro , D .  J . ; Luks , K .  D . ; 
Kohn , J .  P .  
Ind .  Eng . Chern. Proce s s .  Des .  

De v e l op .  
1973 , 1 2 ,  4 7-51 . 

Mole fraction 
of comp . 3 
in liquid,  

xC3 2 H s  s 

0 . 4 9 4 0  
0 . 4 8 59 
0 . 4 7 8 0  
o.  8 4 1 2  
0 . 8 3 6 2  
0 . 8 3 1 0  
0 . 8 2 5 8  
0 . 8 2 0 6  
0 . 8 1 5 4  
0 . 8 1 0 3  

Mole fraction 
of comp . 1 
in liquid , 

XCH4 

0 . 3 3 4 6  
0 . 3 6 2 6  
0 . 38 8 6  
0 . 0 0 0  
0 . 0 3 2 3  
0 . 0 6 3 1  
o.  0 9 2 6  
0 . 1 2 0 8  
0 . 1477  
0 . 1 7 3 4  

calculated by compiler . 

4 1 9  



420 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 

1 .  Met!.ane ;  CH� ; [ 7 4-82-8 ] 
2 .  Nitrogen; N 2 ;  [ 7 7 2 7-37-9 ] 
3 .  Butane ; C � H 1 0 ; [ 1 0 6 - 9 7 - 8 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

Raw data for the 

type T/K p/bar 

K 1 4 1 . 2 9 4 2 . 3 0  
1 4 2 . 7 9 4 3 . 1 2  
1 4 9 . 5 4 47 . 4 6 
1 7 4 . 5 6  62 . 0 2 
1 7 5 . 3 8 6 2 . 5 7 

Q 1 1 7 . 1 5 1 0 . 3 0 
1 1 8 . 0 6 1 1 . 2 0 
1 1 9 . 1 5 12 . 5 8 
1 2 0 . 2 2 1 4 . 0 9 
1 2 1 . 4 6 1 6 . 3 6 
124 . 5 7  2 2 . 1 0  
1 2 4 . 5 7 22 . 44 

UCST 1 2 0 . 3 1 1 1 . 3 4 
1 2 7 . 8 2 1 5 . 96 
1 3 0 . 7 4 1 8 . 2 4 
1 3 9 . 3 8 24 . 9 1 
1 4 1 . 5 8 26 . 9 2 

LCST 1 5 0 . 4 5 35 . 33 
1 5 7 . 6 1 4 2 . 7 1 
1 5 8 . 9 8  44 . 03 
1 6 1 . 7 9 4 7 . 20 
1 6 8 . 83  54 . 78 
1 7 4 . 5 0 60 . 8 5 

Butane 

X c � H t o 

0 . 5 5 5  
0 .  6 1 3  
0 . 4 8 5  
0 . 1 5 4  
0 . 1 2 9  
0 . 3 4 9  
0 . 3 9 3  
0 . 4 2 4  
0 . 4 69  
0 . 5 42  
0 . 5 6 7  
0 . 6 70  
0 . 1 1 7  
0 . 1 0 8  
0 . 0 9 4 1  
0 . 1 1 8  
0 . 1 2 8  
0 . 1 2 9  
0 . 1 4 2  
0 . 1 1 6  
0 . 1 2 2  
0 . 1 2 8  
0 . 0 8 6  

ORIGINAL MEASUREMENTS : 

Merri l l ,  R .  C .  Jr . ;  Luks , K .  D . ; 
Kohn , J .  P .  
Adv .  Cryog .  Eng . , 1984 , 2 9 , 9 4 9- 9 5 5 . 

P REPARED BY : 

c .  L.  Young 

rich l iquid phase 

:rN molar vo lume 
2 v/cm mof 1 

0 . 1002  58 . 1  
0 . 1 2 1 6  6 7 . 6  
0 . 1 5 1 7  59 . 1  
0 . 1 9 6 1  6 4 . 3  
0 . 1 8 9 7  5 7 . 3  
0 . 09 4 8  5 1 . 1  
0 . 0 9 3 0  5 3 . 5  
0 . 1 0 0 5 54 . 7  
0 . 1 0 2 9  5 5 . 9  
0 . 1 0 8 6  6 0 . 0  
0 . 1 0 5 0  5 6 . 1  
0 . 1 2 4 4 6 7 . 3  
0 . 2 4 6 9  4 3 . 5  
0 . 2 6 5 8  4 4 . 4  
0 . 2 844  4 5 . 1  
0 . 2 6 6 8  4 6 . 7  
0 . 2 5 9 5  4 7 . 5  
0 . 2 5 9 1  4 9 . 2  
0 . 2 4 5 2  50 . 9  
0 . 2 5 6 3  5 1 . 0  
0 . 2 5 3 0  5 1 . 5  
0 . 2 3 8 6  5 3 . 9  
0 . 2 5 2 7  5 4 . 6  

AUXJ LIARY INFORMATION 

METHOD . APPARATUS/PROCEDURE : 

Glass equil ibrium ce l l .  Temperature 
measured with platinum resistance 
thermometer and pres sure with 
Bourdon gauge . Stoichiometry and 
volumetri c  measurements were used to 
obtain l iquid phase compos itions and 
molar vo lumes . Mo lar volume data in 
source . Detai l s  of apparatus in 
ref ( 1 ) . and source . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Linde Ul tra pure sample , 
stated purity of 9 9 . 9 7 mo le 
per cent . 

2 .  Linde high purity sample ,  
stated purity 9 9 . 9 9 mol e  per 
cent . 

3 .  Linde Instrument grade , stated 
purity 9 9 . 5  mol e  per cent . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Hottovy , J .  D . ; Kohn , J .  P . ; 
Luks , K .  D .  

J .  Chern . Eng . Data, 
1 9 8 1 , 2 6 , 1 3 5 .  



Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 
1 .  Methane ; CH. ; [ 7 4 - 8 2 - 8 ] 
2 .  Nitrogen ; N; ; [ 7 7 2 7 - 3 7- 9 ]  

ORIGINAL MEASUREMENTS : 
Merri l l ,  R .  c .  Jr . ; Luks , K .  D . ; 
Kohn , J .  P .  

421 

3 .  Butane ; C4 H1 0 ;  [ 1 0 6 - 9 7 - 8 ] Adv . Cry og . · Eng . •  19 8 4 , 2 9 , 9 4 9 -9 5 5  

EXPERIMENTAL VALUES : 

type 

L-L-G 

K 

Q 

Raw data for the Butane rich l iquid phase 

T/K 

1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7  
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7  
1 3 8 . 9 7 
1 3 8 . 9 7  
1 3 8 . 9 7 
1 3 8 . 9 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 5 9 . 5 2 
1 5 9 . 5 2 
1 5 9 . 5 2 
1 6 9 . 7 2 

p/bar 

1 7 . 1 2 
1 7 . 1 3  
1 8 . 0 3 
1 8 . 2 9 
1 8 . 4 4 
1 9 . 3 4 
20 . 3 0 
20 . 64 
2 2 . 3 6  
26 . 2 3 
2 6 . 5 1 
25 . 1 2 
2 5 . 4 7  
26 . 7 9 
27 . 0 5 
2 7 . 05 
2 7 . 6 0 
28 . 1 7 
30 . 0 2 
3 1 . 5 3 
3 3 . 1 2  
37 . 7 4 
3 8 . 9 9 
39 . 06 
3 4 . 3 7 
36 . 1 5 
3 7 . 1 9 
3 7 . 3 4 
3 8 . 0 2 
38 . 84 
4 5 . 6 7 
47 . 05 
4 9 . 1 2 
50 . 3 6 
5 2 . 0 8 
56 . 1 5 

0 . 2 6 6  
0 . 2 8 1  
0 . 3 3 1  
0 . 3 5 6  
0 . 3 4 6  
0 . 3 9 9  
0 . 4 4 4  
0 . 4 5 2  
0 . 5 2 7  
0 . 5 7 0  
0 . 6 7 4  
0 . 2 4 5  
0 . 2 6 8  
0 . 3 2 6  
0 . 3 4 1  
0 . 3 3 1  
0 . 3 6 1  
0 . 3 7 7  
0 . 4 2 9  
0 . 4 6 1  
0 . 5 1 2  
0 . 6 1 4  
0 . 5 4 3  
0 . 62 2  
0 . 2 0 8  
0 . 2 7 7  
0 . 3 0 6  
0 . 3 1 6  
0 . 3 2 6  
0 . 3 5 2  
0 . 4 6 6  
0 . 4 9 7  
0 . 2 9 7  
0 . 3 1 2  
0 . 3 5 3  
0 . 1 9 7  

0 . 1 6 0 7  
0 . 1 4 7 2  
0 . 1 3 7 5  
0 . 1 3 44  
0 . 1 4 5 8  
0 . 1 2 5 9  
0 . 1 2 4 7  
0 . 1 2 1 8  
0 . 1 2 0 3  
0 . 0 9 1 0  
0 . 1 0 5 8  
0 . 1 7 8 1  
0 . 1 7 4 0  
0 . 1 5 40 
0 . 1 4 8 1  
0 . 1 6 1 2  
0 . 1 4 6 3  
0 . 1 4 4 2  
0 . 1 3 7 8  
0 . 1 3 0 8  
0 . 1 3 1 0  
0 . 1 2 3 2  
0 . 1 1 6 0 
0 . 1 4 0 2  
0 . 1 9 4 9  
0 . 1 7 3 9  
0 . 1 68 0  
0 . 1 62 1  
0 . 1 6 4 6  
0 . 1 5 3 4  
0 . 1 4 3 1  
0 . 1 4 4 5  
0 . 1 7 7 0  
0 . 1 6 2 9  
0 . 1 5 5 8  
0 . 2 7 0 0  

Raw data f o r  the butane lean l iquid phase 

1 3 5 . 3 6 
1 3 9 . 6 7 
1 4 2 . 9 4  
1 4 3 . 0 8 
1 4 5 . 1 5  
1 5 2 . 0 5 
1 6 3 . 25 
1 6 7 . 9 3 
1 6 8 . 1 3 
1 7 0 . 5 1 
1 7 1 . 42 
1 7 4 . 3 6 

1 2 1 . 24 
1 2 1 . 8 3 
1 2 1 . 84 
1 2 7 . 8 8  

38 . 72 
4 1 . 6 7 
43 . 2 7 
4 3 . 60 
44 . 85 
4 7 . 4 0 
52 . 3 6  
5 7 . 8 8 
56 . 70 
59 . 3 2  
59 . 40 
6 1 . 9 4 

1 6 . 1 5 
1 6 . 7 8 
1 7 . 1 9  
2 9 . 9 6 

0 .  0 1 1 0  
0 . 0 0 5 3  
0 . 0 0 2 1  
0 . 0 0 5 2  
0 . 0 0 3 5  
0 . 0 1 0 0  
0 . 0 0 9 5  
0 . 0 1 6 0  
0 . 0 2 6 7  
0 . 0 30 9  
0 . 0 3 7 5  
0 . 0 4 0 6  

0 . 0 1 8 9  
0 . 0 2 0 1  
0 . 0 2 2 1  
0 . 0 1 0 6  

0 . 8 1 58 
0 . 7 8 6 1  
0 . 7 5 9 9  
0 . 7 4 0 2  
0 . 7 2 4 7  
0 . 6 6 6 6  
0 .  6 0 35 
0 . 4 4 0 1  
0 . 4 8 7 3 
0 . 4 2 9 4  
0 . 4 2 9 0  
0 . 3 6 2 7  

0 . 5 4 5 7  
0 . 5 6 1 5  
0 . 5 7 2 6  
0 . 8 3 8 6  

molar vo lume 
v/cm mol- l 

4 8 . 3  
5 1 . 1  
5 1 . 6  
5 2 . 5  
50 . 7  
54 . 5  
55 . 7  
55 . 8  
6 0 . 2  
5 7 . 2  
6 8 . 8  
50 . 0  
50 . 1  
5 2 . 7  
5 3 . 0  
5 1 . 6  
5 3 . 7  
54 . 8  
5 6 . 4  
5 7 . 3  
60 . 7  
6 6 . 8  
5 6 . 4  
6 6 . 4  
50 . 0  
5 1 . 5  
5 2 . 5  
5 3 . 7  
5 2 . 6  
5 4 . 6  
5 8 . 3  
6 0 . 6  
5 3 . 7  
5 4 . 0  
5 6 . 1  
6 4 . 8  

6 9 . 0  
8 5 . 1  
9 9 . 3  
7 5 . 2  
8 2 . 2  

1 0 8 . 5  
1 1 9 . 2  

7 7 . 6  
9 5 . 8  
78 . 6  
8 4 . 9  
7 3 . 8  

4 3 . 1  
4 3 . 8  
4 3 . 8  
5 4 . 2  



422 Alkanes:  Methane and Another Gas as Solutes 

COMPONENTS : 
1 .  Methane;  CH ; [ 7 4-82-8 ] 
2 .  Nitrogen ; N; ; [ 77 2 7-37-9 ] 
3 .  Butane ; C4 H1 0 ; [ 1 0 6 -9 7 - 8 ] 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Merri l l , R .  c .  Jr . ;  Luks , K .  D . ; 
Kahn , J .  P .  
Adv .  Cry og . Eng . •  1984 , 29 , 9 4 9-9 5 5 . 

Raw data for the Butane l ean l iquid phase 

type 

L 

T/K 

1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 2 8 . 6 5 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 3 8 . 9 7 
1 4 9 . 27 
1 4 9 . 2 7 
1 4 9 . 27 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 4 9 . 2 7 
1 5 9 . 5 2 
1 5 9 . 5 2 
1 5 9 . 5 2 
1 6 9 . 7 2 

p/bar 

1 6 . 58  
1 6 . 78 
1 6 . 7 9  
16 . 85  
19 . 9 5 
21 . 2 7 
22 . 2 2 
22 . 5 0 
22 . 9 8 
30 . 5 1 
30 . 92 
2 4 . 6 4 
24 . 7 8 
25 . 5 4 
26 . 1 0  
28 . 4 3 
30 . 63 
3 1 . 2 0 
31 . 89 
3 2 . 4 2 
34 . 3 7 
34 . 4 4 
34 . 64 
34 . 78 
37 . 5 4 
38 . 0 2 
39 . 4 6 
4 2 . 28 
45 . 5 4 
4 6 . 22 
52 . 0 1 
56 . 0 1 

0 . 1 20 3  
0 . 0965  
0 . 0 9 4 4  
0 . 0 906  
0 . 0 2 9 4  
0 . 0 1 9 7 
0 . 0 1 6 3  
0 . 0 1 8 6 
0 . 0 1 6 6  
0 .  01 77  
0 .  0 1 72 
0 . 1 1 1 8  
0 . 1 0 1 8  
0 . 0 6 9 8  
0 . 1 0 1 1  
0 . 0 303 
0 . 0 222 
0 . 0 18 8  
0 . 0 1 6 7 
0 . 0 1 65  
0 . 0907  
0 . 0 9 5 8  
0 . 0 8 2 1  
0 . 0 7 6 5  
0 . 04 00 
0 . 0 3 7 5  
0 . 0 2 7 0 
0 . 0 1 3 8  
0 . 1 0 7 1  
0 . 0 5 7 6  
0 . 0 1 8 8 
0 . 0659  

0 . 2 6 5 7  
0 . 2983  
0 . 2 9 5 9  
0 . 2 9 0 1  
0 . 4 5 69  
0 .  5 1 86 
0 . 5 4 8 5  
0 . 5668  
0 . 5 8 0 5  
0 . 82 3 2 
0 . 8361  
0 . 2 7 4 4  
0 . 2 7 7 9  
0 . 3 2 8 5  
0 . 2 8 1 7  
0 . 4 3 7 0  
0 . 4 9 6 1  
0 . 5200  
0 . 54 1 1  
0 . 5 5 0 9  
0 . 2 9 0 1  
0 . 2 9 1 8  
0 . 30 3 5  
0 . 3079  
0 . 4 0 2 5  
0 . 4 0 3 4  
0 . 4 4 32 
0 . 5 1 1 8  
0 . 3 2 4 1  
0 . 3375  
0 . 4 7 85 
0 . 2 9 0 5  

mo l ar vo lume 
v/cm mol- 1 

4 5 . 2  
4 5 . 1  
4 4 . 3  
4 5 . 0  
4 4 . 7  
4 5 . 0  
4 5 . 3  
4 5 . 9  
4 5 . 9  
54 . 1  
5 5 . 1  
46 . 9  
4 6 . 8  
4 6 . 3  
4 6 . 2  
47 . 6  
4 8 . 4  
49 . 0  
50 . 1  
49 . 9  
4 9 . 0  
4 8 . 3  
4 8 . 9  
4 8 . 9  
50 . 7  
50 . 8  
5 1 . 7  
5 5 . 1  
54 . 8  
52 . 5  
6 3 . 7  
54 . 8  
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COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ] 

2 .  Nitrogen ; N 2 ; [ 7 727-37 - 9 ]  

3 .  Pentane ; C s H 1 2 ; [ 1 0 9 -66-0 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

Phases in 
equilibrium T/K P/atm 

ComEosition of L1 1 

L 1 , L z = v 1 4 9 . 1 0 34 . 7 3 
1 5 2 . 68 38 . 1 3 
158 . 9 6 4 9 . 2 9 
163 . 0 5 50 . 7 9  
166 . 5 1 5 0 . 1 1 
171 . 9 8 53 . 5 1 
176 . 8 2 54 . 6 0 
177 . 36 54 . 4 0  
1 7 8 . 8 1 5 4 . 1 9 
180 . 9 6 5 5 . 8 3 
182 . 8 0 5 6 . 1 6 
1 9 0 . 6 1 5 8 . 4 2  

S , L 1 , L 2 ,V 133 . 7 9  16 . 2 2 
134 . 3 2 1 8 . 8 8 
134 . 9 5 1 9 . 9 6 

L 1 = L 2 I v 153 . 0 8 2 5 . 5 5  
162 . 1 9 33 . 5 1 
1 6 9 . 7 8  3 9 . 2 9 
1 7 2 . 8 8 4 1 . 9 4 
174 . 0 9 4 3 . 0 4 

AUX I L IARY 

METHOD , APPARATUS/PROCEDURE : 

Glass equi librium cel l .  Temperature 
measured with platinum resi stance 
thermometer and pres sure with 
Bourdon gauge . Stoichiometry and 
volumetric measurements were used 
to obtain liquid phase compositions 
and molar volumes . Molar volume 
data in source . Details of appa
ratus in refs . ( 1 )  and ( 2 ) . 

ORIGINAL MEASUREMENTS : 

Merril l ,  R. C . ;  Luks , K .  D . ;  
Kahn , J .  P .  
J .  Chem. Eng . Data 

1 9 8 4 , 29 , 272-276 . 

P REPARED BY : 

c .  L .  Young 

Mole fractions 
P /MPa Pentane , Nitrogen , 

xC sH 1 2 XN 2 

Pentane rich Ehase 
3 . 5 1 9  0 . 5 6 7 9  0 . 0342  
3 . 8 6 4  0 . 5 3 6 8  0 . 0 5 2 4  
4 . 9 9 4  0 . 5220  0 . 1 0 8 8  
5 . 1 4 6  0 . 4 4 0 7  0 . 0 9 4 4  
5 . 0 7 7  0 . 4 1 9 8  0 . 0 8 1 5  
5 . 4 22 0 . 3 553  0 . 0 9 2 4  
5 . 5 3 2  0 . 3134  0 . 0 8 7 6  
5 . 5 1 2  0 . 3 422  0 . 0 5 8 3  
5 . 4 9 1  0 . 2 7 6 0  0 . 0 7 9 4  
5 . 6 5 7  0 . 2664  0 . 0 7 5 8  
5 . 6 9 0  0 . 2 5 8 9  0 . 0 7 3 8  
5 . 9 1 9  0 . 1 7 6 7  0 . 0 6 4 6  

1 . 6 4 3  0 . 3 9 7 5  0 . 0 8 7 5  
1 .  9 1 3  0 . 4 5 6 9  0 . 083 8 
2 . 0 2 2  0 . 5 1 7 8  0 . 0 8 7 6  

2 . 5 8 9  0 . 1 5 1 9  0 . 1 2 3 8  
3 . 3 9 5  0 . 1 9 4 6  0 . 0 9 6 5  
3 . 9 8 1  0 . 1 3 4 4  0 . 1 1 2 3  
4 . 2 50  0 . 1 474  0 . 1 0 4 3  
4 . 36 1  0 . 1 4 7 2  0 . 1 0 0 5  

(cont . ) 

INFORNATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Linde "Ultra Pure " grade , purity 
9 9 . 9 7 mole per cent . 

2 .  Linde "High Purity"  grade , purity 
9 9 . 9 9 mole per cent . 

3 .  Humphrey Chemical Co . sample , 
Purity 9 9  mole per cent . 

ES TIMATED ERROR: 

oT/ K = ±0 . 0 3 ;  oP /MPa = ±0 . 0 7 ;  

ox/x < 0 . 0 36 . 

REFERENCES : 

1 .  Hottovy , J .  D . ; Kahn , J .  P . ; 
Luks , K .  D .  
J.  Chem . Eng . Data 1 9 8 1 , 2 6 ,  135 . 

2 .  Hottovy , J . D . ; Kahn , J . P . ;  
Luks , K .  D .  
J .  Chem . Eng . Data 1 9 8 2 , 2 7 , 298 . 



424 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ) Merrill , R.  c . ; Luks , K .  D . ; 
2 .  Nitrogen; N 2 ; [ 7 7 27-37-9)  Kohn , J .  P .  
3 .  Pentane ; C sH 1 2 ; [ 1 0 9-66-0 ) J.  Chern . Eng . Data 

1 9 8 4 , 2 9 , 2 7 2 -2 7 6 . 

EXPERIMENTAL VALUES : 

Phases in Mole fractions 
equilibrium T/K P/atm P/MPa Pentane , Nitrogen , 

xC s H 1 2 XN 2 

L 1 = L 2  , V  177 . 0 6 45 . 4 9  4 . 6 0 9  0 . 1 0 6 4  0 . 1 1 1 8  
1 8 0 . 0 4 47 . 9 4 4 . 8 5 8  0 . 1 0 4 9  0 . 1 0 8 1  
1 8 0 . 0 4 4 8 . 0 1 4 . 8 6 5  0 . 1 0 9 6  0 . 1 0 2 2  
1 8 1 . 7 1  4 9 . 3 0 4 . 9 9 5  0 . 0 900  0 . 1 0 6 4  
1 8 3 . 1 1 50 . 5 9 5 . 1 26 0 . 0 7 8 0  0 . 1 0 4 3  
1 8 4 . 0 9 5 1 . 2 1 5 . 1 8 9  0 . 1 1 6 0 0 . 0 9 8 9  
187 . 1 3 5 3 . 5 2 5 . 4 2 2  0 . 1 1 8 1  0 . 0 8 9 6  
1 8 9 . 09 56 . 3 1 5 . 7 0 6  0 . 1 5 8 6  0 . 07 0 5  
140 . 0 0 1 9 . 5 6 1 . 9 8 2  0 . 3 5 3 2  0 . 0 7 8 5  
1 4 0 . 0 0 20 . 4 4 2 . 0 7 1  0 . 3 8 1 3  0 . 0 8 4 8  
1 4 0 . 0 0 2 1 . 9 4 2 . 22 3  0 . 4 1 9 1  0 . 0 7 8 4  
1 4 0 . 0 0 23 . 4 3 2 . 3 74  0 . 4 4 4 2  0 . 0 8 0 6  
1 4 0 . 0 0 24 . 3 2 2 . 4 64  0 . 50 7 6  0 . 0 8 6 6  
1 4 0 . 0 0 25 . 5 4 2 . 5 8 8  0 . 5 2 9 5  0 . 0 9 0 7  
1 5 0 . 0 0  28 . 2 0 2 . 8 5 7  0 . 35 5 0  0 . 0 8 4 7  
150 . 0 0 2 8 . 6 1 2 . 8 9 9  0 . 36 1 7  0 . 0 9 1 3  
1 5 0 . 0 0 3 1 . 8 7 3 . 2 2 9  0 . 4 2 1 5  0 . 0 8 1 7  
1 5 0 . 0 0 32 . 6 9  3 . 3 1 2  0 . 4 3 0 4  0 . 0 8 5 2  
1 5 0 . 0 0 35 . 1 4 3 . 5 6 1  0 . 5 042  0 . 0 9 4 5  
1 5 0 . 0 0 35 . 4 8  3 . 5 95  0 . 5 1 5 0  0 . 0 9 4 0  
1 5 0 . 0 0 37 . 7 2 3 . 8 22 0 . 5 5 1 0  0 . 1 0 0 2  
1 6 0 . 0 0 32 . 0 2 3 . 2 4 4  0 . 2 201  0 . 0 9 3 5  
1 6 0 . 0 0 3 2 . 2 2 3 . 265  0 . 2 3 1 8  0 . 0 9 6 4  
1 6 0 . 00 3 2 . 4 1  3 . 2 8 4  0 . 2 3 2 1  0 . 0 9 5 3  
1 6 0 . 0 0  32 . 6 2 3 . 3 05 0 . 2 4 0 9  0 . 0 9 3 5  
160 . 0 0 33 . 3 7 3 - 3 8 1  0 . 2 6 1 4  0 . 0 9 2 6  
1 6 0 . 0 0 33 . 5 0 3 . 3 9 4  0 . 2 6 6 2  0 . 0 8 8 5  
1 6 0 . 0 0 35 . 0 1  3 . 5 47  0 . 2 9 5 0  0 . 1 4 7 7  
160 . 0 0 36 . 4 3 3 . 6 9 1  0 . 32 3 4  0 . 0 9 2 8  
1 6 0 . 00 44 . 3 2 4 . 4 9 1  0 . 4 9 3 1  0 . 0 9 7 2  
1 6 0 . 0 0 46 . 7 1  4 . 7 33 0 . 4 631  0 . 0 8 5 9  
1 6 5 . 0 0 36 . 2 3 3 . 6 7 1  0 . 2 0 8 8  0 . 0 9 2 8  
1 6 5 . 0 0 36 . 4 4 3 . 6 9 2  0 . 2 203  0 . 0 9 3 2 
165 . 0 0 37 . 0 5 3 . 7 5 4  0 . 2339  0 . 0 9 7 9  
1 6 5 . 0 0 37 . 1 1 3 . 7 6 0  0 . 2 532  0 . 0 8 9 2  
165 . 0 0 37 . 7 2 3 . 8 2 2  0 . 2 5 5 3  0 . 0 9 0 8  
1 6 5 . 0 0 38 . 2 7 3 . 8 7 8  0 . 2 6 4 4  0 . 0 9 2 6  
1 6 5 . 00 39 . 0 8  3 . 9 60 0 . 2 7 9 5  0 . 0 8 7 9  
165 . 0 0 40 . 4 4  4 . 0 9 8  0 . 3 0 9 7  0 . 0 9 6 2  
165 . 0 0 4 1 . 6 0 4 . 2 1 5  0 . 3 236 0 . 0 9 3 8  
1 6 5 . 0 0 44 . 4 6  4 . 5 0 5  0 . 3 658  0 . 0 8 4 3  
1 6 5 . 0 0 48 . 3 4 4 . 8 9 8  0 . 4 1 0 0  0 . 0904  
1 6 5 . 00 4 8 . 3 4 4 . 8 9 8  0 . 4 1 1 3  0 . 0 8 2 6  
170 . 0 0 4 1 . 0 7 4 . 1 6 1  0 . 2 1 8 2  0 . 0 9 0 0  
170 . 0 0 4 1 . 7 5 4 . 2 3 0  0 . 2 3 8 9  0 . 0 8 3 9  
170 . 0 0 4 2 . 2 2  4 . 2 7 8  0 . 2 4 9 9  0 . 0 9 2 2  
170 . 0 0 42 . 2 8 4 . 2 84  0 . 2 4 7 8  0 .  0 9 1 1  
1 7 0 . 0 0 4 3 . 2 3 4 . 3 8 0  0 . 2 6 4 9  0 . 0 8 7 5  
1 7 0 . 0 0 4 3 . 6 4 4 . 4 2 2  0 . 2 701  0 . 0 8 6 6  
1 7 0 . 0 0 4 5 . 0 7 .  4 . 5 67 0 . 2 9 2 9  0 . 0 8 3 0  
1 7 0 . 0 0  4 6 . 1 6 4 .  6 7 7  0 . 3 1 3 1  0 . 0 9 2 4  
170 . 0 0 4 7 . 5 2 4 . 8 1 5  0 . 33 1 8  0 . 0 8 9 6  
1 7 0 . 0 0 50 . 9 2 5 . 1 5 9  0 . 3 694  0 . 0 9 4 5  
170 . 0 0 5 2 . 0 1 5 . 2 7 0  0 . 3 8 1 7  0 . 0 9 0 2  
175 . 0 0 4 3 . 9 2 4 . 4 5 0  0 . 15 1 1  0 . 10 1 9  
175 . 0 0 4 4 . 1 2 4 . 4 7 0  0 . 1 6 3 4  0 . 1 0 4 9  
1 7 5 . 0 0 46 . 4 4 4 . 7 0 6  0 . 2 3 3 3  0 . 0 8 4 3  
1 7 5 . 0 0 4 7 . 0 4 4 . 7 66 0 . 24 2 6  0 . 0 8 7 4  

(cont . )  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Hethane ; cH .. ; [ 7 4-82- 8 ]  Herrill , R .  C . ;  Luks , K .  D . ;  
2 .  Nitrogen ; N z ;  [ 7 727-37-9 ]  Kohn , J .  P .  
3 .  Pentane ; C s H 1 2 i  [ 10 9-66-0 ]  J .  Chern . Eng .  Data 

1 9 8 4 , 2 9 , 272-276 . 

EXPERIMENTAL VALUES :  

Phases in Mole fractions 
equilibrium T/K P/atm P/MPa Pentane , Nitrogen , 

XC sH 1 2  XN 2  

L 1 = L z , V 175 . 0 0 4 8 . 07 4 .  8 7 1  0 . 26 1 1  0 . 08 2 8  
175 . 0 0 4 8 . 1 4 4 . 8 7 8  0 . 2632  0 . 07 5 1  
175 . 0 0 4 9 . 1 5 4 . 9 8 0  0 . 2 756 0 . 0 8 3 9  
17 5 . 0 0 4 9 . 97 5 . 0 6 3  0 . 2 8 6 5  0 . 0 8 2 6  
175 . 0 0 50 . 9 9 5 . 1 6 7  0 . 2 993  0 . 0 8 5 6  
175 . 0 0 5 2 . 2 8 5 . 2 97  0 . 30 8 7  0 . 09 4 2  
1 8 0 . 0 0 4 8 . 2 7 4 . 8 9 1  0 . 1 5 8 4  0 . 09 1 3  
1 8 0 . 0 0 4 8 . 7 5 4 . 9 4 0  - 0 . 1 7 5 1  0 . 0 8 5 6  
1 8 0 . 0 0 5 2 . 5 7 5 . 3 2 7  0 . 2 4 4 8  0 . 08 0 2 
1 8 0 . 0 0 5 2 . 6 2 5 . 332  0 . 2550  0 . 0 8 3 7  
1 8 0 . 0 0 54 . 54 5 . 5 26 0 . 2 8 2 2  0 . 0830  

ComEo sition of L 2 1  Pentane lean Ehase 
L1 , L 2 = v 1 5 3 . 8 3 4 6 . 8 4 4 . 7 46  0 . 0 0 9 0  0 . 6232  

1 7 1 . 7 7 53 . 3 1 5 . 4 0 2  0 . 0 0 4 2  0 . 3762  
1 7 3 . 0 7 5 3 . 8 5 5 . 4 5 6  0 . 0 0 6 3  0 . 34 3 6  
1 7 4 . 1 5 5 3 . 7 2  5 . 4 43  0 . 0 0 4 5  0 . 35 7 8  
174 . 4 9  54 . 1 9 5 . 4 9 1  0 . 0 0 8 1  0 . 30 4 0  
174 . 8 5 54 . 6 0 5 . 5 3 2  0 . 0 0 4 3  0 . 34 1 4 
175 . 4 1 5 3 . 7 9  5 . 4 5 0  0 0 0 1 1 7  0 . 3 3 8 7  
176 . 02 54 . 6 0 5 . 5 32 0 . 0 0 8 1  0 . 29 7 9  
177 . 4 4  5 5 . 0 1  5 . 5 74 0 . 0 0 5 9  0 . 3000  
1 7 9 . 1 9 5 5 . 2 9 5 . 6 0 2  0 . 0 1 6 4  0 . 24 6 8  
1 8 3 . 0 3  56 . 0 3  5 . 6 7 7  0 . 0 253  0 . 2 230  
1 8 7 . 1 9 5 7 . 2 5 5 . 8 0 1  0 . 0 1 2 7  0 . 1 7 7 9  
1 8 7 . 7 5 57 . 5 9 5 . 8 3 5  0 . 0 1 6 7  0 . 1576  
1 8 8 . 2 6 5 7 . 6 6 5 . 8 4 2  0 . 0 100  0 . 1655  
1 8 8 . 8 3  57 . 7 2 5 . 8 4 8  0 . 0 0 9 8  0 . 1576  
1 8 8 . 8 6 5 8 . 0 0 5 0  8 7 7  0 . 0 1 6 5  0 . 1 4 5 7  
1 9 2 . 1 8 5 8 . 2 7 5 . 9 04  0 . 0 028  0 . 1344  

S , L1 ,L 2 ,V 1 3 2 . 2 8  1 2 . 0 1  1 . 2 1 7  0 . 1 2 0 6  0 . 1 8 3 5  
132 . 6 4 1 2 . 6 2  1 . 2 7 9  0 0 0 7 1 8  0 . 1 6 1 2  
1 3 3 . 26 1 4 . 0 5 1 . 4 24  0 . 0 5 0 8  0 . 1 9 4 3  
135 . 6 7 2 2 . 7 6 2 . 3 0 6  0 . 0052  0 . 4 1 9 4 

L 1 , L 2 , V  1 4 0 . 0 0 16 . 9 8 1 .  7 2 0  0 . 0 7 4 4  0 . 1626  
1 4 0 . 0 0 1 8 . 34 1 .  8 5 8  0 . 0 5 5 1  0 . 1 9 6 6  
1 4 0 . 00 1 8 . 8 8 1 .  9 1 3  0 , 0 4 8 8  0 . 2 1 4 0  
140 . 0 0 24 . 39  2 . 4 7 1  0 . 0 0 9 3  0 . 3 5 9 1  
1 4 0 . 0 0  26 . 6 3  2 . 6 9 8  0 . 0 0 0 4  0 . 42 6 5  
1 5 0 . 0 0 2 4 . 5 3 2 , 4 8 6  0 . 0 6 1 4  0 . 16 3 2  
1 5 0 . 0 0 26 . 5 7 2 . 6 92  0 . 0 4 2 7  0 . 2 1 8 0  
1 5 0 . 0 0 26 . 9 8 2 . 7 34 0 . 0 368  0 . 22 1 1  
150 . 0 0 3 5 . 4 8  3 . 5 9 5  0 . 0 1 0 1  0 . 3 9 1 2  
1 5 0 . 00 36 . 9 1 3 . 7 4 0  0 . 0 0 4 2  0 . 4 2 9 0  
160 . 0 0  34 . 32 3 .  4 7 7  0 . 0 4 6 9  0 . 1 9 8 7  
1 6 0 . 0 0 36 . 5 7  3 . 7 0 5  0 . 0 3 2 2  0 . 2 3 7 8  
1 6 0 . 0 0 37 . 3 2 3 . 7 8 1  0 . 0 2 8 7  0 . 25 4 5  
160 . 0 0  4 0 . 6 6  4 . 1 20 0 . 0 1 8 6  0 . 30 6 6  
1 6 5 . 0 0 39  0 7 7  4 . 0 30 0 . 0 3 7 3  0 . 2 1 3 5  
165 . 0 0 4 3 . 0 3  4 . 3 60 0 . 02 39 0 . 2607  
165 . 0 0 4 3 . 3 8 4 . 3 95  0 . 0 2 2 4  0 .  2677  
1 6 5 . 0 0 4 8 . 6 1  4 . 9 2 5  0 . 0 1 0 4  0 . 3564  
1 7 0 . 0 0 4 2 . 3 5  4 . 2 9 1  0 . 0 4 5 8  0 . 17 8 7  
1 7 0 . 0 0 4 4 . 7 3 4 . 5 3 2  0 . 0 325  0 . 2 1 2 4  
170 . 0 0 4 5 . 35 4 . 5 9 5  0 . 0 2 9 7  0 . 2 2 2 1  
1 7 0 . 0 0 4 8 . 07 4 . 8 7 1  0 . 0 1 8 8  0 . 26 0 9  

( cont . )  



426 Alkanes : Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane 7 CH., 7 [ 7 4-8 2-8 ] Merrill , R .  C - 7 Luks , K .  o . , 
2 .  Nitrogen7 N 2 1 [ 7 7 27-37 - 9 ]  Kohn , J .  P .  
3 .  Pentane7 C sH 1 2 1 [ 10 9-66-0]  J.  Chem. Eng . Data 

1984 , 2 9 , 272 -27 6 .  

EXPERIMENTAL VALUES : 

Phases in Mole fractions 
equilibrium T/K P/atm P/MPa Pentane , Nitrogen , 

xC sH 1 2 XN 2 

L 1 , L2 , V  170 . 0 0 4 8 . 4 8 4 . 9 12 0 . 0 1 8 9  0 . 26 9 4  
170 . 0 0 5 0 . 5 8 5 . 1 25 0 . 0170  0 . 2791  
170 . 0 0 51 . 2 7 5 . 1 95 0 .  0117 0 . 3195  
175 . 0 0 47 . 25 4 . 7 8 8  0 . 0 3 8 4  0 . 1 7 7 3  
175 . 0 0 4 8 . 1 4 4 . 8 7 8  0 . 0330  0 . 1909  
175 . 0 0 4 8 . 4 8 4 . 9 12 0 . 0 3 2 0  0 . 1 913  
175 . 0 0 5 0 . 3 8 5 . 1 05 0 . 0 2 2 6  0 . 2214  
175 . 0 0 51 . 0 6 5 . 1 74 0 . 0 197 0 . 2 3 5 5  
17 5 . 0 0 5 1 . 6 8  5 . 2 36 0 . 0 182  0 . 24 2 8  
175 . 0 0 51 . 7 4  5 . 2 4 3  0 . 0178  0 . 2 4 0 4  
18 0 . 0 0 4 9 . 7 0 5 . 036  0 . 0 4 6 7  0 . 1414  
18 0 . 0 0 51 . 0 0 5 . 16 8  0 . 0 3 6 4  0 . 16 4 4  
18 0 . 0 0 51 . 20 5 . 1 8 8  0 . 0 3 6 4  0 . 1 611 
18 0 . 0 0 5 3 . 0 3  5 . 3 7 3  0 . 0 2 4 5  0 . 1 9 2 9  
180 . 0 0 5 3 . 04 5 . 3 74  0 . 02 6 4  0 . 1900 
18 0 . 0 0 5 3 . 10 5 . 3 80  0 . 0 2 4 9  0 . 18 7 8  



Alkanes: Methane and  Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS: 

1 .  Methane ; CH 4 ; [ 74 - 8 2- 8 ]  Poston , R .  S . ;  McKetta , J .  J .  

2 .  Nitrogen ; N 2 ; [ 7 7 27-3 7-9 ] Am. Ins t .  Chern.  Engnrs . J .  

3 .  Hexane ; C s H 1 4 ;  [ 110-54 -3 ] 1 9 6 5 , 1 1 , 917-9 2 0 .  

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 

Mole fraction 
P/MPa 

(P/psi ) 

in l iquid in vapor 

xCH4 xN 2  xC s H 1 4 YN 2  YC s H 1 4 

310 . 9  
( 1 0 0 )  

3 . 4 5  
( 5 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

10 . 34 
( 1 5 0 0 )  

13 . 7 9 
( 2 0 0 0 )  

17 . 24 
( 2 5 0 0 )  

2 0 . 6 8 
( 3 0 0 0 )  

(cont . }  

0 . 110 
0 . 04 4  
0 . 2 6 5  
0 . 0 8 3  
0 . 13 2  
0 . 16 2  
0 . 3 71  
0 . 32 4  
0 . 3 3 8  
0 . 4 6 1  
0 . 4 6 1  
0 . 2 29  
0 . 4 9 0  
0 . 3 90  
0 . 2 9 4  
0 . 7 59  
0 . 17 2  
0 . 14 0  
0 . 0 94  
0 . 5 8 7  
0 . 6 8 1  
0 . 6 4 6  
0 . 8 0 6  
0 . 72 0  

0 . 0 2 0  
0 . 0 8 0  
0 . 0 09  
0 . 1 13 
0 . 0 97 
0 . 0 8 4  
0 . 016 
0 . 0 78 
0 . 074 
0 . 0 2 0  
0 . 02 0  
0 . 1 05  
0 . 06 1  
0 . 0 99  
0 . 12 4  
0 . 14 5  
0 . 199  
0 . 2 0 2  
0 . 216  
o .  071  
0 . 0 6 2  
0 . 0 4 4  
0 . 06 0  
0 . 0 5 8  

0 . 8 7 0  
0 . 8 7 6  
o .  7 2 6  
0 . 8 0 4  
0 .  771 
0 . 7 54  
0 . 6 1 3  
0 . 5 9 8  
0 . 5 8 8  
0 . 519 
0 . 5 19 
0 . 66 6  
0 . 4 4 9  
0 . 511 
0 . 58 2  
0 . 6 1 4  
0 . 6 2 9  
0 . 6 5 8  
0 . 6 90  
0 . 3 4 2  
0 . 2 57 
0 . 310 
0 . 13 4  
0 . 2 2 2  

AUXILIARY INFORMATION 

0 . 6 10 
0 . 3 0 8  
0 . 9 0 9  
0 . 2 0 2  
0 . 3 0 2  
0 . 3 8 5  
0 . 9 13 
0 . 6 1 7  
0 . 6 4 9  
0 . 3 8 5  
0 . 9 13 
0 . 4 0 8  
0 . 7 5 7  
0 . 6 0 8  
0 . 4 9 8  
0 . 4 0 2  
0 . 2 4 2  
0 . 2 0 2  
0 . 1 35  
0 . 8 2 1  
0 . 8 4 3  
0 . 8 7 2  
0 . 8 8 6  
0 . 86 3  

0 . 3 74 
0 . 6 74 
0 .  071  
0 . 7 8 7  
0 . 6 8 5  
0 . 6 0 3  
0 . 0 6 6  
0 . 36 1  
0 . 3 3 5  
0 . 06 6  
0 . 06 6  
0 . 57 8  
0 . 22 3  
0 . 376  
0 . 4 86 
0 . 5 8 0  
0 . 7 4 0  
0 . 7 8 0  
0 . 8 5 2  
0 . 15 9  
0 . 12 7  
0 . 109  
0 . 0 9 4  
0 . 118 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

0 . 016 
0 . 0 1 8  
0 . 0 2 0  
0 . 0 11 
0 . 013 
0 . 012 
0 . 02 1  
0 . 02 2  
0 . 016  
0 . 0 2 1  
0 . 0 2 1  
0 . 014 
0 . 02 0  
0 . 016 
0 . 016 
0 . 01 8  
0 . 0 1 8  
0 . 0 1 8  
0 . 013 
0 . 0 20  
0 . 03 0  
0 . 019 
0 . 0 2 0  
0 . 019 

Stainless steel glass windowed cell .  1 and 3 .  Phi l l ips Petroleum Co . 

Vapor recycled using high pressure research grade . 

magnetic pump . Pressure measured 

using Bourdon gauge and temperature 

measured using thermocouples . 
Samples o f  both phases withdrawn at 

constant pressure and analysed by 

gas chromatography . Details of 

apparatus in source and ref .  ( 1 ) . 

2 .  Research grade . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 01 5 ; 
oxcH 4 ' oycH 4  = ± o . o o 2 .  

REFERENCES : 

427 

1 .  Roberts , L .  R . ; McKetta , J .  J .  

Am. Ins t .  Chern . Engnrs . J .  

19 6 1 ,  7 ,  17 3 .  



428 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4-8 2-8 ) Poston , R.  S . ;  McKetta , J .  J .  

2 .  Nitrogen; N 2 ; [ 7 727-37- 9 )  Am.  Ins t .  Chern . Engnrs . J.  

3 .  Hexane ; C 6 H 1 � i  [ 1 10-54-3)  19 6 5 ,  1 1  1 917-9 2 0 .  

EXPERIMENTAL VALUES : 

Mole fraction 
T/K P/MPa in liquid in vapor 

(T/ °F)  (P/psi ) xCH� XN 2  XC G H l � YcH � YN 2  Yc G H l � 

31 0 . 9  2 0 . 6 8 
( 10 0 )  ( 3 0 0 0 )  Single phase 0 . 10 8  0 . 07 5  0 . 03 3  

24 . 13 0 . 3 9 8  0 . 16 0  0 . 4 4 2  0 . 524  0 . 4 5 0  0 . 0 26 
( 3 5 0 0 )  0 . 3 7 8  0 . 16 5  0 . 4 5 7  0 . 5 36 0 . 434  0 . 0 3 0  

0 . 4 6 0  0 . 15 1  0 . 3 8 9  0 . 616 0 . 3 4 0  0 . 044  
0 . 50 7  0 . 1 3 3  0 . 3 6 0  0 . 6 7 9  0 . 28 3  0 . 0 3 8  
0 . 6 03 0 . 132 0 . 26 5  o .  715 0 . 246  0 . 03 9  
0 . 5 91  0 . 118 0 . 2 9 1  0 .  726  0 . 24 8  0 . 026  
0 . 6 64  0 . 104 0 . 2 3 2  0 . 78 2  0 . 16 0  0 . 0 5 8  
0 . 6 7 5  0 . 104  0 . 221  0 . 78 3  0 . 14 2  0 . 075  

Single phase 0 . 7 8 7  0 . 110 0 . 103 
27 . 5 8 0 . 5 5 2  0 . 16 8  0 . 28 0  0 . 6 5 2  0 . 2 9 3  0 . 05 5  

( 4 0 0 0 )  0 .  5 7 1  0 . 158  o .  271  0 .  6 7 2  o .  2 7 2  0 . 0 56 
0 . 50 7  0 . 184  0 . 3 09 0 . 6 09  0 . 3 4 9  0 . 04 2  
0 . 5 9 1  0 . 16 0  0 . 2 49  0 . 6 9 0  0 . 256 0 . 0 5 4  
0 . 2 2 2  0 . 2 39  0 . 5 39 0 . 3 12 0 . 6 70 0 . 018  
0 . 364  0 . 21 8  0 . 4 18  0 . 4 4 3  0 . 5 22 0 . 0 3 5  

Single phase 0 .  715  0 . 2 03 0 . 0 8 2  
3 1 . 0 3  0 . 4 9 9  0 . 23 8  0 . 2 63 0 . 576 o .  372 0 . 052  

( 4 5 0 0 )  0 . 519  0 . 2 3 5  0 . 24 6  0 . 4 0 1  0 . 334 0 . 06 7  
0 . 3 04 0 . 2 5 7  0 . 4 3 9  0 . 3 8 8  0 . 579 0 . 0 3 3  
0 . 230  0 . 27 0  0 . 5 0 0  0 . 29 3  0 . 6 8 9  0 . 018  

Single phase 0 . 59 7  0 . 3 0 8  0 . 09 5  
34 . 4 7 0 . 4 5 8  0 . 2 96  0 . 2 46  0 . 516  0 . 4 0 0  0 . 0 8 4  

( 5 0 0 0 )  0 . 3 8 3  0 . 26 8  0 . 3 4 9  0 . 4 5 9 0 . 4 9 5 0 . 04 6  
0 . 3 30 0 . 2 93  0 .  3 7 7  0 . 39 5  0 . 56 8  0 . 0 37 
0 . 254  0 . 3 04  0 . 4 4 2  0 . 3 0 8  0 .  6 7 1  0 . 0 2 1  
0 . 4 74  0 . 2 9 5  0 . 2 3 1  0 . 50 1  0 . 4 0 0  0 . 09 9  
0 . 14 1  0 . 3 3 1  0 . 52 8  0 . 169  o .  8 1 1  0 . 02 0  

Single phase 0 . 515 o .  372  0 . 113 
3 4 4 . 3  3 . 4 5 0 . 0 96  0 . 013  0 . 8 9 1  0 . 6 9 8  0 . 24 1  0 . 06 1  

( 1 6 0 )  ( 5 0 0 )  0 . 034  0 . 04 1  0 . 9 2 5  0 . 18 6  0 . 757  0 . 057  
6 . 8 9 0 . 157 0 . 0 4 2  0 . 8 0 1  o .  725  0 . 228  0 . 04 7  

( 10 0 0 )  0 . 05 0  0 . 08 0  0 . 8 7 0  0 . 16 2  0 . 796  0 . 04 2  
10 . 3 4 0 . 2 09  0 . 07 0  o .  7 2 1  0 . 55 5  0 . 4 06 0 . 0 39  

( 1 5 0 0 )  0 . 0 84  0 . 114 0 . 8 0 2  0 . 24 8  o .  719 0 . 0 3 3  
13 . 7 9 o .  371  0 . 0 4 7  0 . 5 8 2  0 . 76 8  0 . 18 2  0 . 050  

( 20 0 0 )  0 . 22 1  0 . 1 03 0 . 6 76 0 . 374 0 . 58 6  0 . 04 0  
0 . 10 2  0 . 146  0 . 7 5 2  0 .  2 1 6  0 . 75 3  0 . 03 1  

17 . 2 4 0 . 4 18  0 .  072  0 . 510  0 . 72 7  0 . 216 0 . 05 7  
( 2 5 0 0 )  0 . 2 8 0  0 . 114 0 . 606 0 . 50 7  0 . 44 9  0 . 04 4  

0 . 17 0  0 . 15 8  o .  6 7 2  0 . 319 0 . 6 4 0  0 . 04 1  
0 . 112 0 . 1 7 5  0 .  7 1 3  0 . 2 0 0  0 . 7 6 3  0 . 0 37 
0 . 06 7  0 . 1 94  0 . 7 3 9  0 . 15 2  0 . 8 0 4  0 . 04 4  

2 0 . 6 8 0 . 6 7 5  0 . 0 3 9  0 . 28 6  0 . 8 1 8  0 . 0 56 0 . 126 
( 3 0 0 0 )  0 . 6 29  0 . 0 5 2  0 . 319 0 . 8 3 0  0 . 0 8 7  0 . 0 8 3  

0 . 6 4 0  0 . 0 4 1  0 . 3 1 9  0 . 18 1  0 .  0 7 2  0 . 109  
0 . 59 7  0 . 064  0 . 3 39 0 . 8 1 8  0 . 10 0  0 . 0 8 2  
0 . 56 3  o .  0 7 1  0 . 366 0 . 7 9 0  0 . 127 0 . 08 3  

3 10 . 9  20 . 6 8 0 . 4 2 2  0 . 112 0 . 4 66 0 . 65 6  0 . 27 7  0 . 0 6 7  
1 0 0 )  ( 3 0 0 0 )  0 . 237  0 . 17 5  0 . 5 8 8  0 . 50 7  0 . 4 3 8  0 . 05 5  

0 . 04 1  0 . 23 2  0 .  7 2 7  0 . 06 1  0 . 89 6  0 . 04 3  
Single phase 0 . 8 0 6  0 . 05 0  0 . 14 4  

(cont . )  



Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] Poston , R .  ·s . ;  McKetta , J .  J .  

2 .  Nitrogen ; N 2 ; [ 7 727-37- 9 ]  Am . Ins t .  Chern . Engnrs .  J .  

3 .  Hexane ; C G H 1 4 1  [ 110-54 - 3 ]  1 9 6 5 , 1 1 ,  917-9 2 0 . 

EXPERIMENTAL VALUES : 

310 . 9  
( 1 0 0 )  

3 7 7 . 6  
( 2 2 0 )  

P/MPa 
(P/psi ) 

24 . 13 
( 3 5 0 0 )  

27 . 5 8 
( 4 0 0 0 )  

3 1 . 0 3  
( 4 5 0 0 )  

34 . 4 7  
( 5 0 0 0 )  

3 . 4 5  
( 5 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

10 . 34 
( 1 5 0 0 )  

13 . 79 
( 2 0 0 0 )  

17 . 24 
( 2 5 0 0 )  

2 0 . 6 8 
( 3 0 0 0 )  

2 4 . 13 
( 3 5 0 0 )  

2 7 . 58 
( 4 0 0 0 )  

Mole fraction 
in liquid 

xCH4 xN 2  XC 6 H 1 4 

0 . 10 5  0 . 2 4 9  0 . 6 4 6  
0 . 3 0 1  0 . 19 0  0 . 5 0 9  
0 . 4 0 1  0 . 16 6  0 . 4 33  
0 . 4 6 0  0 . 14 9  0 . 3 9 1  
0 . 5 21 0 . 15 1  0 . 3 2 8  
0 . 56 3  0 . 13 8  0 . 2 9 9  

S ingle phase 
0 . 154 0 . 2 7 3  0 . 573 
0 . 28 3  0 . 2 36 0 . 4 81  
0 . 36 9  0 . 217  0 . 4 14 
0 . 4 7 7  0 . 22 2  0 . 3 0 1  

S ingle phase 
0 . 14 8  0 . 313 0 . 5 39  
0 . 3 4 7  0 . 2 8 9  0 . 364  
0 . 3 6 6  0 . 2 9 3  0 . 34 1  

S ingle phase 
0 . 0 2 5  0 . 3 7 5  0 . 6 0 0  
0 . 118 0 . 3 7 3  0 . 50 9  
0 . 2 5 8  0 . 35 0  0 . 3 92  
0 . 304  0 . 3 6 3  0 . 33 3  
0 . 3 04  0 . 3 64  0 . 3 3 2  

S ingle phase 

0 . 04 9  0 . 0 2 5  0 . 9 2 6  
0 . 16 1  0 . 0 3 4  0 . 8 0 5  
0 . 0 9 0  0 . 0 5 6  0 . 8 54 
0 . 0 4 1  0 . 118 0 . 8 4 1  
0 . 12 1  0 . 0 8 6  0 . 7 9 3  
0 . 2 2 4  0 . 04 9  0 . 7 2 7  
0 . 3 7 2  0 . 04 5  0 . 5 8 3  
0 . 2 5 2  0 . 0 8 6  0 . 6 6 2  
0 . 14 6  0 . 12 1  0 . 7 33  
0 . 0 7 9  0 . 16 2  0 . 7 5 9  
0 . 4 5 4  0 . 0 5 8  0 . 4 8 8  
0 . 3 31 0 . 10 6  0 . 56 3  
0 . 2 8 7  0 . 129  0 . 5 84  
0 . 18 9  0 . 1 59  0 . 6 5 2  
0 . 10 1  0 . 18 7  0 . 712 
0 . 0 7 2  0 . 2 08  0 . 7 2 0  
0 . 0 7 0  0 . 26 0  0 . 6 7 0  
0 . 4 3 9  0 . 19 8  0 . 56 1  
0 . 3 6 9  0 . 1 5 0  0 . 4 81  
0 . 4 6 2  0 . 12 4  0 . 4 14 
0 . 5 14 0 . 10 7  0 . 3 79 
0 . 54 0  0 . 10 3  0 . 35 7  

S ingle phase 
0 . 3 0 0  0 . 22 4  0 . 4 7 6  
0 . 304  0 . 2 2 0  0 . 4 3 6  
0 . 3 7 5  0 . 2 2 6  0 . 3 99  
0 . 4 8 2  0 . 319 0 . 19 9  
0 . 2 3 0  0 . 2 5 5  0 . 5 1 5  
0 . 0 1 5  0 . 3 3 8  0 . 6 4 7  

S ingle phase 
0 . 19 0  0 . 3 3 7  0 . 4 73 
0 . 2 2 2  0 . 3 2 6  0 . 4 5 2  

in vapor 

YN 2  Yc 6 H l 4 

0 . 177 
0 . 3 8 8  
0 . 5 70  
0 . 6 06 
0 . 6 5 6  
0 . 6 9 1  
0 . 6 8 9  
0 . 213 
0 . 3 9 6  
0 . 4 92  
0 . 5 51 
0 . 54 9  
0 . 19 8  
0 . 4 0 9  
0 . 4 2 0  
0 . 4 4 3  
0 . 0 4 3  
0 . 14 3  
0 . 319 
0 . 34 6  
0 . 3 4 7  
0 . 34 0  

o . 777 
0 . 5 56 
0 . 36 2  
0 . 34 3  
0 . 2 7 8  
0 . 2 2 0  
0 . 174  
0 . 74 0  
0 . 5 4 0  
0 . 4 13 
0 . 2 9 7  
0 . 2 55  
0 . 74 0  
0 . 4 77  
0 . 4 5 4  
0 . 3 6 0  
0 . 9 0 8  
0 . 7 9 4  
0 . 57 6  
0 . 517  
0 . 516 
0 . 4 2 9  

0 . 3 8 4  0 . 491  
0 . 6 4 6  0 . 264  
0 . 3 8 3  0 . 52 8  
0 . 116 0 . 811 
0 . 3 77 0 . 54 4  
0 . 6 39  0 . 2 6 9  
0 . 74 4  0 . 16 0  
0 . 5 3 7  0 . 3 7 8  
0 . 3 3 2  0 . 59 2  
0 . 178 0 . 74 8  
0 . 74 1  0 . 15 8  
0 . 57 9  0 . 319 
0 . 511 0 . 39 3  
0 . 3 3 7  0 . 57 3  
0 . 2 0 4  0 . 719  
0 . 14 0  0 . 7 8 6  
0 . 124 0 . 7 9 6  
0 . 39 3  0 . 5 0 9  
0 . 6 0 5  0 . 2 8 8  
0 . 6 4 0  0 . 2 1 9  
0 . 6 6 9  0 . 18 5  
0 . 6 8 4  0 . 173  
0 . 6 8 1  0 . 14 3  
0 . 4 2 9  0 . 4 3 7  
0 . 4 4 1  0 . 4 12 
0 . 4 8 9  0 . 3 5 8  
0 . 4 3 7  0 . 2 3 3  
0 . 3 3 0  0 . 5 5 6  
0 . 0 6 1  0 . 8 5 4  
0 . 4 8 5  0 . 3 0 0  
0 . 2 59  0 . 6 1 8  
0 . 2 9 0  0 . 577  

( cont . )  

0 . 04 6  
0 . 0 56 
0 . 06 8  
0 . 0 5 1  
0 . 0 6 6  
0 . 0 8 9  
0 . 13 7  
0 . 0 4 7  
0 . 06 4  
0 . 0 9 5  
0 . 15 2  
0 . 1 9 6  
0 . 0 6 2  
0 . 114 
0 . 126 
0 . 19 7  
0 . 04 9  
0 . 06 0  
0 . 10 5  
0 . 13 7  
0 . 13 7  
0 . 2 21 

0 . 12 5  
0 . 0 9 0  
0 . 0 8 9  
0 . 07 3  
0 . 07 9  
0 . 0 9 2  
0 . 0 9 6  
0 . 0 8 5  
0 . 0 7 6  
0 . 0 7 4  
0 . 10 1  
0 . 10 2  
0 . 09 6  
0 . 0 9 0  
0 . 0 7 7  
0 . 074  
0 . 0 8 0  
0 . 09 8  
0 . 10 7  
0 . 14 1  
0 . 14 6  
0 . 14 3  
0 . 176  
0 . 134 
0 . 14 7  
0 . 15 3  
0 . 3 3 0  
0 . 114 
0 . 0 8 5  
0 . 215 
0 . 123  
0 . 133  

429 



430 Alkanes: Methane and Another Gas as Sol utes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 74-8 2-8 ] Poston , R .  S . ; McKetta , J. J .  

2.  Nitrogen; N 2 ; [ 77 2 7-37-9 ] Am .  In s t .  Chern.  Engnrs . J .  

3 .  Hexane ; C 6 H 1 � i [ 110-54-3]  196 5 ,  1 1 ,  917- 9 2 0 . 

EXPERIMENTAL VALUES : 

37 7 . 6  
( 22 0 )  

4 10 . 9  
( 28 0 )  

P/MPa 
(P/psi)  

27 . 5 8 
( 4 0 0 0 )  

3 1 . 0 3  
( 4 5 0 0 )  

34 . 4 7  
( 5 0 0 0 )  

3 . 4 5 
( 5 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

10 . 34 
( 15 0 0 )  

13 . 7 9 
( 20 0 0 )  

17 . 24 
( 2 5 0 0 )  

2 0 . 6 8  
( 3 0 0 0 )  

24 . 13 
( 3 5 0 0 )  

2 7 . 5 8 
( 4 00 0 )  

Mole fraction 
in liquid 

XCH� XN 2 XC 6 H l �  

0 . 263 0 . 324  0 . 4 13 
0 . 28 6  0 . 3 27 0 . 3 8 7  
0 . 32 8  0 . 336 0 . 3 36 
0 . 231  0 . 338  0 . 4 31 

Single phase 
0 . 13 0  0 . 4 13 0 . 4 5 7 
0 . 18 6  0 . 4 2 3  0 . 3 9 1  
0 . 20 2  0 . 4 19 0 . 3 7 9  
0 . 16 3  0 . 4 0 8  0 . 4 29  
0 . 201  0 . 4 14 0 . 3 8 5  

Single phase 
0 . 08 8  0 . 4 8 8  0 . 4 2 4  
0 . 12 7  0 . 516 0 . 3 5 7  
0 . 135 0 . 524  0 . 3 4 1  

Single phase 

0 . 0 44  0 . 02 7  0 . 9 29  
0 . 131 0 . 0 39  0 . 8 3 0  
0 . 0 8 0  0 . 061  0 . 8 5 9  
0 . 05 5  0 . 14 7  0 . 7 9 8  
0 . 134 0 . 0 8 8  0 . 7 7 8  
0 . 19 9  0 . 064  0 . 7 3 7  
0 . 393  0 . 03 8  0 . 56 9  
0 . 157 0 . 12 9  0 . 714 
0 . 0 8 6  0 . 17 3  0 . 7 4 1  
0 . 066 0 . 18 1  0 . 7 5 3  
0 . 07 6  0 . 23 9 0 . 6 8 5  
0 . 152 0 . 2 15 0 . 6 3 3  
0 . 326 0 . 14 3  0 . 531  
0 . 37 2  0 . 118  0 . 510  
0 . 4 10 0 . 10 2  0 . 4 8 8  
0 . 4 29 0 . 0 9 8  0 . 4 7 3  
0 . 46 2  0 . 0 9 5  0 . 4 4 3  

Single phase 
0 . 07 2  0 . 317 0 . 611 
0 . 12 2  0 . 28 9  0 . 5 8 9  
0 . 210 0 . 2 7 1  0 . 519 
0 . 2 39  0 . 246  0 . 5 15 
0 . 27 9  0 . 24 6  0 . 4 7 5  
0 . 326 0 . 2 5 2  0 . 4 2 2  

Single phase 
0 . 16 5  0 . 37 0  0 . 4 6 5  
0 . 18 9  0 . 3 8 7  0 . 4 2 4  
0 . 191 0 . 3 8 0  0 . 4 29  
0 . 14 7  0 . 3 7 3  0 . 4 8 0  
0 . 0 79  0 . 3 8 5  0 . 5 36 
0 . 223  0 . 4 18 0 . 3 5 9  
0 . 010 0 . 4 8 9  0 . 501  
0 . 0 4 3  0 . 4 9 5  0 . 4 6 2  
0 . 04 3  0 . 4 8 4  0 . 4 7 3  
0 . 064  0 . 5 07 0 . 4 29 

Single phase 

0 . 3 24 
0 . 34 2  
0 . 3 67 
0 . 2 97  
0 .  371  
0 . 166 
0 . 2 2 8  
0 . 2 2 8  
0 . 210 
0 . 22 7  
0 . 2 07 
0 . 0 97  
0 . 144 
0 . 14 2  
0 . 166 

0 . 3 35 
0 . 5 39 
0 . 3 32 
0 . 14 0  
0 . 3 79  
0 . 551  
o .  721  
0 . 32 4  
0 . 1 84 
0 . 141 
0 . 1 48  
0 . 2 67 
o .  511 
0 . 5 6 5  
0 . 5 96 
0 . 59 8  
0 . 6 13 
0 . 5 99  
0 . 1 06 
0 . 19 6  
0 . 3 09  
0 . 3 3 8  
0 . 369  
0 . 3 75 
0 . 38 7  
0 . 2 13 
0 . 2 21  
0 . 232  
0 . 190  
0 . 10 6  
0 . 2 3 3  
0 . 013  
0 . 04 7  
0 . 0 52 
0 . 0 76 
0 . 0 9 5  

i n  vapor 

YN 2 Yc 6 H l �  

0 . 5 03 
0 . 4 8 5  
0 . 4 2 7  
0 . 56 3  
0 . 3 6 7  
0 . 6 9 9  
o .  611 
0 . 59 9  
0 . 6 3 9  
0 . 56 8  
0 . 5 4 9  
0 . 7 6 0  
0 . 6 9 5  
0 . 6 7 0  
0 . 6 4 0  

0 . 4 17 
0 . 2 93  
0 . 5 0 0  
0 .  715 
0 . 474  
0 . 2 9 8  
0 . 09 8  
0 . 5 20 
0 . 67 0  
0 .  720  
0 . 6 96 
0 . 5 7 0  
0 . 2 9 5  
0 . 2 18 
0 . 17 3  
0 . 164  
0 . 13 8  
0 . 116 
0 . 74 1  
0 . 636  
0 . 4 9 2  
0 . 4 5 0  
0 . 4 0 0  
0 . 3 7 0  
0 . 334 
0 . 5 5 0  
0 . 53 5  
0 . 5 24 
0 . 5 84  
0 . 7 0 5  
0 . 4 6 0  
0 . 77 5  
o .  711 
0 .  716 
0 . 6 50 
0 . 5 8 9  

(cont . )  

0 . 17 3  
0 . 17 3  
0 . 206  
0 . 14 0  
0 . 26 2  
0 . 135 
0 . 161 
0 . 17 3  
0 . 151 
0 . 20 5  
0 . 24 4  
0 . 14 3  
0 . 161 
0 . 18 8  
0 . 194 

0 . 24 8  
0 . 16 8  
0 . 16 8  
0 . 14 5  
0 . 14 7  
0 . 151 
0 . 18 1  
0 . 156 
0 . 14 6  
0 . 13 9  
0 . 156 
0 . 16 3  
0 . 19 4  
0 . 217 
0 . 231 
0 . 23 8  
0 . 24 9  
0 . 28 5  
0 . 15 3  
0 . 16 8  
0 . 19 9  
0 . 212 
0 . 231  
0 . 25 5  
0 . 27 9  
0 . 237 
0 . 24 0  
0 . 244  
0 . 226 
0 . 18 9  
0 . 3 07 
0 . 212  
0 . 24 2  
0 . 23 2  
0 . 2 7 4  
0 . 319 



Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane 1 CH4 1 [ 7 4-82-8 ] Poston , R .  S . 1 . McKetta , J. J. 

2 .  Nitrogen1  N 2 1 [ 7 727-37- 9 ]  Am. Ina t .  Chern . Engnrs . J .  

3 .  Hexane 1 C s H 1 4 1  [ 110-54-3 ]  196 5 ,  1 1 , 917- 9 2 0 . 

EXPERIMENTAL VALUES : 

4 4 4 . 3  
( 34 0 )  

M-Q 

P/MPa 
(P/psi) 

3 . 4 5  
( 5 0 0 )  

6 . 89 
( 10 0 0 )  

10 . 3 4 
( 1 5 0 0 )  

13 . 7 9 
( 2 0 0 0 )  

17 . 2 4 
( 2 5 0 0 )  

Mole fraction 
in liquid 

XCH 4 XN 2 XC s H 1 4 

0 . 0 8 9  0 . 0 01 0 . 910 
0 . 052  0 . 0 0 8  0 . 94 0  
0 . 0 46  0 . 0 2 1  0 . 933  
0 . 194  0 . 0 0 5  0 . 8 0 1  
0 . 107 0 . 0 5 3  0 . 84 0  
0 . 054 0 . 08 0  0 . 8 6 6  
0 . 0 52 0 . 0 8 5  0 . 8 6 3  
0 . 3 53 0 . 0 0 8  0 . 639  
0 . 312 0 . 02 8  0 . 6 6 0  
0 . 27 8  0 . 04 9  0 . 6 7 3  
0 . 217 0 . 08 0  0 . 7 03 
0 . 0 29  0 . 17 1  0 . 8 0 0  
0 . 026  0 . 18 8  0 . 7 86  
0 . 126 0 . 19 3  0 . 68 1  
0 . 272  0 . 139 0 . 58 9  
0 . 3 35 0 . 121 0 . 54 4  

Single phase 
0 . 0 39 0 . 3 2 8  0 . 63 3  
0 . 10 5  0 . 333 0 . 5 6 2  

Single phase 

0 . 4  71  
0 . 4 0 6  
0 . 310  
0 . 6 4 2  
0 . 4 0 2  
0 . 2 20 
0 . 16 0  
0 . 6 5 2  
0 . 6 18  
0 . 564  
0 . 4 6 8  
0 . 076 
0 . 0 62 
0 . 219  
0 . 4 09  
0 . 4 1 8  
0 . 3 90  
0 . 0 5 5  
0 . 1 36 
0 . 16 9  

i n  vapor 

YN 2 Yc s H 1 4 

0 . 0 61 
0 . 136 
0 . 2 56 
0 . 0 32 
0 . 2 8 0  
0 . 4 8 3  
0 . 5 50 
0 . 015 
0 . 074 
0 . 1 37 
0 . 257  
0 . 6 8 1  
0 . 6 9 8  
0 . 4 7 7  
0 . 2 27 
0 . 174 
0 . 14 0  
0 . 6 28  
0 . 4 8 8  
0 . 4 09 

0 . 4 6 8  
0 . 4 5 8  
0 . 434  
0 . 326 
0 . 318  
0 . 29 7  
0 . 29 0  
0 . 333 
0 . 308  
0 . 2 9 9  
0 . 2 7 5  
0 . 24 3  
0 . 24 0  
0 . 304  
0 . 364  
0 . 4 0 8  
0 . 4 7 0  
0 . 3 17 
0 . 376  
0 . 4 2 2  

431 



432 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 
1 .  Methane ; CH 4 ;  [ 7 4-82 - 8 ]  

2 .  Nitrogen ; N 2 ; [ 7 727-37-9]  

3 .  Hexane ; C G H 1 4 ;  [ 1 10-54-3]  

VARIABLES : 

ORIGINAL MEASUREMENTS : 
Merrill , R. C . ; Luks , K .  D . ; 
Kohn , J .  P .  
J .  Chern . Eng . Data 

1 9 8 4 , 2 9 , 272 -276 . 

P REPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES : Composition of Hexane rich phase Mole fractions Phases in 
equi librium T/K 

176 . 1 1  
1 8 1 . 0 1 
1 8 5 . 2 3  
1 8 6 . 6 3 
1 8 9 . 6 5 
1 8 9 . 8 9 
1 9 0 . 6 1 
190 . 7 0 
1 9 1 . 9 5 
1 9 4 . 4 1  
164 . 0 7 
164 . 2 0 
164 . 2 3 
164 . 4 6  
164 . 5 1  
1 6 4 . 5 2 
164 . 6 5 
165 . 1 3 
166 . 1 1 
166 . 7 6 
167 . 6 4 

P/ atm 

5 1 . 4 0 
5 0 . 9 2 
5 1 . 8 1 
5 1 . 6 2 
5 1 . 6 2 
5 1 . 0 6 
5 1 . 3 0 
5 1 . 0 6 
50 . 0 5 
5 1 . 1 9 
22 . 1 1 
2 3 . 1 6 
23 . 5 1 
24 . 3 9 
24 . 6 7 
2 5 . 3 4 
2 5 . 9 5 
2 7 . 9 4 
34 . 1 8  
3 8 . 1 5 
45 . 6 8 

P/MPa 

5 . 2 0 8  
5 . 1 5 9  
5 . 2 50 
5 . 2 30 
5 . 2 30 
5 . 1 7 4  
5 . 1 9 8  
5 . 1 7 4  
5 .  0 7 1  
5 . 1 8 7  
2 . 2 40  
2 . 3 4 7  
2 . 3 8 2  
2 .  4 7 1  
2 . 5 00 
2 . 5 6 8  
2 . 6 2 9  
2 . 8 3 1  
3 . 4 6 3  
3 . 8 66 
4 . 6 2 9  

Hexane , Nitrogen , 
XC 6 H l 4 XN 2  

0 . 4 0 2 0  
0 . 3 1 0 6  
0 . 2 9 8 8  
0 . 3 2 1 1  
0 .  2 9 7 2  
0 . 3 0 9 1  
0 . 3 0 4 0  
0 . 2 9 8 3  
0 . 2 8 5 8  
0 . 2 5 8 9  
0 . 2005  
0 . 2 2 2 4  
0 . 2 2 5 9  
0 . 2 5 2 1  
0 . 2 5 57 
0 . 2 643  
0 . 2 8 1 8  
0 . 3 0 1 9  
0 . 2 9 1 7  
0 . 3 995 
0 .  4 726  

(cont . ) 

0 . 0 5 9 9  
0 . 2 2 2 2  
0 . 0362  
0 . 04 4 4  
0 . 0 2 6 0  
0 . 0 2 6 2  
0 . 0 1 5 3  
0 . 0 1 6 5  
0 . 0 0 9 3  
0 . 0 0 4 8  
0 . 0 2 2 2  
0 . 02 5 6  
0 . 0275  
0 . 0305  
0 . 0 3 2 9  
0 . 0 2 9 9  
0 . 0 3 1 9  
0 . 0 3 7 9  
0 . 2368  
0 . 0 1 7 5  
0 . 0 6 3 5  

AUXI L l  ARY INFORHAT ION 

METHOD APPARATUS /PROCEDURE : 

Glass equilibrium cell .  Temperature 
measured with platinum re sistance 
thermometer and pres sure with 
Bourdon gauge . Stoichiometry and 
volumetric measurements were used to 
obtain liquid phase compositions and 
mo lar volumes . Molar volume data 
in source . Details of apparatus in 
refs . ( 1 )  and ( 2 ) . 

SOURC!:. AND P URl TY ot HATE RI ALS : 

1 .  Linde "Ultra Pure " grade , purity 
9 9 . 9 7 mole per cent . 

2 .  Linde "High Purity" grade , purity 
9 9 . 9 9 mole per cent . 

3 .  Phillips Petroleum Co . sample , 
purity 99 mole per cent . 

ESTIMATED ERROR: 

oT/K = ±0 . 0 3 ;  oP/MPa = ±0 . 07 ;  
6�/x < 0 . 09 in L 1 phase ; < 0 . 0 3 
in L 2  phase . 

RI:FERENCES : 
1 .  Hottovy , J .  D . ; Kohn , J .  P . ; 

Luks , K .  D .  
J .  Chern. Eng . Data 1 9 8 1 , 2 6 ,  1 3 5 .  

2 .  Hottovy , J .  D . ; Kohn , J .  P . ;  
Luks , K .  D .  
J. Che rn.  Eng . Data 1 9 8 2 , 2 7 ,  2 9 8 . 



Alkanes: Methane and Another Gas as Solutes 433 

COMPONENTS: ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 82-8 ] Merri l l , R .  C . ; Luks , K .  D . ;  

2 .  Nitrogen ; N 2 ; [ 7 7 2 7- 37 - 9 ]  Kahn , J.  P .  

3 .  Hexane ; C 6 H 1 4 ;  [ 1 1 0 - 5 4 - 3 ]  J .  Che rn .  Eng . Data 

1 9 8 4 , 2 9 , 27 2-27 6 . 

EXPERIMENTAL VALUES: 

Phases in 
Mole fractions 

equilibrium T/K P/atm P /MPa Hexane , Nitrogen , 
:x:C 6 H 1 4 :x:N 2 

L 1 = L 2  , V  1 6 3 . 75 2 1 . 6 0 2 . 1 8 9  0 . 1 0 0 1  0 . 0 3 1 9  
1 6 5 . 1 2 2 3 . 4 0 2 . 37 1  0 . 2 1 5 3  0 . 0 2 4 6  
1 6 5 . 7 6 2 2 . 7 6  2 . 3 0 6  0 . 0 9 3 0  0 . 0 3 1 8  
1 6 7 . 1 9 2 2 . 34 2 . 2 6 4  0 . 10 8 4  0 . 0 35 4  
1 6 8 . 86 2 5 . 4 1  2 . 5 7 5  0 . 1 9 7 5  0 . 0 2 0 7  
1 7 0 . 6 4 2 5 . 9 5 2 . 6 29  0 . 1 0 9 7  0 . 0 2 7 8  
1 7 3 . 05 27 . 4 5  2 . 7 8 1  0 . 1 1 6 0  0 . 0 2 4 8  
1 7 7 . 2 7 3 1 . 0 6 3 . 1 4 7  0 . 1 8 5 8  0 . 0 1 4 3  
1 8 2 . 0 2 3 3 . 3 7 3 . 3 8 1  0 . 1 1 95  o .  0072  

L 1 , L 2 , V  1 6 5 . 0 0a 2 2 . 7 9  2 . 3 09  0 . 1 9 5 5  0 . 0 2 2 6  
1 6 5 . 00 2 2 . 9 9 2 . 3 2 9  0 . 2 0 7 6  0 . 0 2 3 4  
1 6 5 . 00 2 3 . 8 4 2 . 4 1 6  0 . 2 2 7 1  0 . 0 2 9 0  
1 6 5 . 00 2 4 . 1 9 2 . 4 5 1  0 . 2 3 4 1  0 . 0 3 1 2  
1 6 5 . 0 0 24 . 8 0 2 . 5 1 3  0 . 25 1 3  0 . 0 3 1 4  
1 6 5 . 0 0 2 5 . 0 8  2 . 5 4 1  0 . 2 5 4 4  0 . 0 3 3 9  
1 6 5 . 00 2 5 . 6 8 2 . 6 0 2  0 . 2 6 9 4  0 . 0 3 0 1  
1 6 5 . 0 0 2 6 . 3 6 2 . 67 1  0 . 27 9 1  0 . 0 3 2 0  
1 7 0 . 0 0 2 6 . 4 3  2 . 67 8  0 . 2 0 4 9  0 . 0 1 9 7  
1 7 0 . 0 0  27 . 6 9  2 . 8 0 6  0 . 2 3 6 1  0 . 0 2 4 1  
1 7 0 . 0 0 2 8 . 4 1  2 . 8 7 9  0 . 2 4 8 8  0 . 0 2 9 3  
1 7 0 . 0 0 2 8 . 4 8  2 . 8 8 6  0 . 2 3 3 0  0 . 0 2 9 0  
1 7 0 . 0 0 2 9 . 0 8 2 . 9 47  0 . 2 5 8 2  0 . 0 3 0 1  
1 7 0 . 00 30 . 3 7 3 . 0 77  0 . 2 7 8 7  0 . 0 2 8 4  
17 0 . 0 0 30 . 9 1 3 . 1 3 2  0 . 2 8 27 0 . 0 3 1 2  
1 7 0 . 00 32 . 4 3  3 . 2 8 6  0 . 3 0 4 4  0 . 0 6 3 9  
1 7 0 . 0 0 4 1 . 6 2 4 . 2 1 7  0 . 4 1 6 2  0 . 0 5 7 3  
1 7 0 . 0 0 4 8 . 54 4 . 9 1 8  0 . 4 7 7 0  0 . 04 8 4  
1 7 5 . 0 0 3 1 . 05 3 . 1 4 6  0 . 2 2 2 4  0 . 0 2 0 0  
1 7 5 . 0 0 32 . 3 8 3 . 2 8 1  0 . 2 4 9 9  0 . 0 2 2 6  
1 7 5 . 0 0 32 . 5 2 3 . 2 95  0 . 2 5 2 6  0 . 0 2 4 0  
1 7 5 . 0 0 3 2 . 97 3 . 34 1  0 . 2 5 7 0  0 . 0 2 8 7  
1 7 5 . 0 0 3 3 . 52 3 . 3 9 6  0 . 26 3 6  0 . 0 2 8 4  
1 7 5 . 0 0 33 . 7 1 3 . 4 1 6  0 . 26 5 8  0 . 0 3 0 0  
1 7 5 . 0 0 3 4 . 7 9 3 . 5 2 5  0 . 2 8 0 9  0 . 0 2 9 1  
1 7 5 . 0 0 3 5 . 4 7 3 . 5 9 4  0 . 2 9 0 7  0 . 0 2 8 2  
1 7 5 . 0 0 4 3 . 57 4 . 4 1 5  0 . 29 3 0  0 . 0 3 6 6  
1 7 5 . 0 0 4 4 . 54 4 . 5 1 3  0 . 37 3 6  0 . 0 5 3 9  
1 7 5 . 0 0 5 0 . 85 5 . 1 5 2  0 . 4 2 1 3  0 . 05 9 1  
1 8 0 . 0 0 3 3 . 7 8  3 . 4 2 3  0 . 20 4 7  0 . 0 1 2 5  
1 8 0 . 00 35 . 7 5 3 . 6 2 2  0 . 2 4 1 9  0 . 0 1 8 3  
1 8 0 . 0 0 37 . 76 3 . 8 2 6  0 . 2 6 6 3  0 . 0 2 27 
1 8 0 . 00 37 . 9 3  3 . 8 4 3  0 . 2 6 7 5  0 . 0 2 6 0  
1 8 0 . 0 0 38 . 8 1 3 . 9 3 2  0 . 2 7 9 0  0 . 02 9 0  
1 8 0 . 0 0 3 8 . 8 2 3 . 9 33  0 .  2 7 7 7  0 .  0 2 7 7  
1 8 0 . 0 0 39 . 8 3 4 . 0 3 6  0 . 2 8 7 8  0 . 0 2 8 9  
1 8 0 . 00 4 1 . 1 9 4 . 1 74  0·. 3 0 4 0  0 . 0 2 7 8  
1 8 0 . 0 0 4 3 . 0 5 4 . 3 6 2  0 . 3 2 1 5  0 . 0 3 5 9  
1 8 0 . 0 0 4 8 . 9 0 4 . 95 5  0 . 3 5 5 9  0 . 04 4 4  
1 8 0 . 0 0 4 9 . 5 6 5 . 0 2 2  0 . 30 3 8  0 . 0 4 1 6  
1 8 5 . 00 3 8 . 4 7  3 . 8 9 8  0 . 2 2 4 5  0 . 00 7 0  
1 8 5 . 00 4 1 . 7 5  4 . 2 30  0 . 2 6 37 0 . 0 2 2 5  
1 8 5 . 0 0 4 3 . 4 4 4 . 4 02  0 . 2 8 1 6  0 . 0 2 6 5  
1 8 5 . 0 0  4 3 . 6 8 4 . 4 2 6  0 . 2 8 4 9  0 . 0 2 1 9  
1 8 5 . 0 0 4 4 . 3 9 4 . 4 9 8  0 . 2 8 8 2  0 . 0 2 5 5  
1 8 5 . 0 0 4 4 . 80 4 . 5 39  0 . 2 9 2 8  0 . 0 2 5 2  
1 8 5 . 0 0 4 5 . 0 8 4 . 56 8  0 . 2 9 1 0  0 . 0 2 5 4  
1 8 5 . 0 0 47 . 4 5  4 . 8 0 8  0 . 3 1 3 2  0 . 0 2 5 7  
1 8 5 . 0 0 4 9 . 5 8 5 . 0 2 4  0 . 3 3 7 3  0 . 0 3 0 9  

(cont . )  



434 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 
1 .  Methane ; CH4 ; [ 7 4-82-8 ) 
2 .  Nitrogen ; N 2 ; [ 7 7 2 7- 3 7- 9 )  
3 .  Hexane ; C G H 1 4 i  [ 1 10-54-3 )  

EXPERIHENTAL VALUES : 

Phases in 
equilibrium T/K 

1 9 0 . 0 0 
1 9 0 . 00 
1 9 0 . 0 0 
1 9 0 . 0 0 
1 9 0 . 0 0 
1 9 0 . 0 0 
1 9 0 . 0 0 

P/atm 

4 4 . 8 0 
44 . 9 4 
4 5 . 4 1 
4 7 . 2 6 
4 9 . 5 0 
5 0 . 1 0 
50 . 4 2 

ORIGINAL MEASUREMENTS : 

Merri l l ,  R .  C . ;  Luks , K .  D . ; 
Kohn , J. P .  
J.  Chern.  Eng . Data 

19 8 4 , 2 9 , 272-276 . 

P/MPa 

4 . 539  
4 . 554 
4 . 6 0 1  
4 . 78 9  
5 . 0 1 6  
5 . 07 6  
5 . 10 9  

Mole fractions 
Hexane , Nitrogen , 
:x;C G H 1 4 XN 2  

0 . 2530  
0 . 2 5 0 3  
0 . 2 6 7 8  
0 . 2 7 4 5  
0 . 2 9 0 3  
0 . 2 9 2 5  
0 . 2 9 4 0  

0 .  0 0 7 1  
0 . 0 0 4 5  
0 . 0 1 7 6  
0 . 0 1 9 2  
0 . 0 3 6 9  
0 . 0 230  
0 . 0 3 1 6  

a Compositions a t  1 6 5  K estimated from cross plots o f  data for L 1 , L2 = V 
and L 1 , L2 , V in equilibrium . 

1 6 8 . 4 8 
1 6 9 . 9 0 
1 7 6 . 9 6 
1 7 9 . 67 
1 8 1 . 9 5  
1 8 3 . 6 1  
1 8 4 . 25 
1 8 5 . 0 4 
1 8 6 . 9 0 
1 8 9 . 0 1 
1 90 . 1 9 
1 9 1 . 10 
1 6 4 . 2 5 
1 6 4 . 52 
1 6 5 . 28 
1 6 5 . 35  
1 6 5 . 5 3 
1 6 5 . 53 
1 6 5 . 65 
1 6 5 . 94 
1 6 6 . 1 8 
1 7 0 . 0 0 
1 7 0 . 0 0 
1 7 0 . 00 
1 7 0 . 00 
1 7 0 . 0 0 
1 7 0 . 0 0 
1 7 0 . 0 0 
1 7 5 . 00 
1 7 5 . 0 0 
1 7 5 . 00 
175 . 0 0 
1 7 5 . 0 0 
1 7 5 . 0 0 
1 7 5 . 0 0 
1 7 5 . 00 
1 7 5 . 00 
1 8 0 . 0 0 
1 8 0 . 0 0 
1 8 0 . 0 0 
1 8 0 . 00 
1 8 0 . 0 0 
1 8 0 . 0 0 

Compositions of Hexane lean phase 

50 . 2 5 
50 . 8 0 
5 1 . 4 6 
51 . 7 3  
5 1 . 8 0 
5 1 . 8 1 
4 9 . 6 2 
5 1 . 7 3 
51 . 7 5 
5 1 . 6 1  
5 1 . 6 1 
51 . 5 4 
2 2 . 7 5  
25 . 3 4 
2 9 . 9 6 
29 . 5 6 
30 . 3 7 
30 . 7 1  
29 . 4 3  
33 . 5 0 
35 . 5 5 
3 1 . 8 0 
32 . 0 0 
34 . 0 5 
34 . 8 6 
3 8 . 26 
39 . 4 3  
40 . 0 4 
36 . 5 6 
37 . 0 4 
39 . 0 8 
39 . 6 3 
39 . 7 6 
40 . 3 7 
4 1 . 8 1  
44 . 0 5 
45 . 5 5 
37 . 1 7 
37 . 2 4 
4 5 . 4 8 
4 5 . 6 8 
4 5 . 7 6 
4 5 . 8 9 

5 . 0 9 2  
5 . 14 7  
5 . 2 14  
5 . 24 2  
5 . 24 9  
5 . 2 50 
5 . 0 2 8  
5 . 2 4 2  
5 . 24 4  
5 . 2 2 9  
5 . 22 9  
5 . 2 2 2  
2 . 30 5  
2 . 5 6 8  
3 . 0 36 
2 . 995  
3 . 07 7  
3 . 1 1 2  
2 . 9 8 2  
3 . 39 4  
3 . 60 2  
3 . 2 2 2  
3 . 2 4 2  
3 . 45 0  
3 . 532 
3 .  877  
3 . 995  
4 . 05 7  
3 . 704  
3 . 75 3  
3 . 9 6 0  
4 . 0 1 6  
4 . 0 29  
4 . 0 9 0  
4 . 2 36 
4 . 4 63 
4 . 6 1 5  
3 . 76 6  
3 .  773  
4 . 6 0 8  
4 . 6 2 9  
4 . 6 37 
4 . 6 5 0  

0 . 00 4 7  
0 . 0 0 37 
0 .  0 1 1 5  
0 . 01 3 8  
0 . 01 4 8  
0 . 0 0 4 3  
0 . 0 0 5 2  
0 . 0 1 8 7  
0 . 0 0 6 3  
0 . 0 0 7 9  
0 . 0 2 1 2  
0 . 0 1 2 5  
0 . 0 8 0 4  
0 . 05 2 8  
0 . 0 3 0 5  
0 . 02 8 1  
0 . 03 1 9  
0 . 0 2 9 8  
0 . 0 3 6 8  
0 . 01 9 3  
0 . 02 0 4  
0 . 0 3 2 9  
0 . 0 3 1 1  
0 . 0 2 5 8  
0 . 0236  
0 . 0 1 7 7  
0 . 0 1 5 7  
0 . 0 1 9 3  
0 . 0 2 7 8  
0 . 0 2 6 4  
0 . 0 1 9 5  
0 . 0 1 9 3  
0 . 0 1 9 3  
0 . 0 1 7 7  
0 . 0 1 55 
0 . 0 1 2 4  
0 . 0 0 7 8  
0 . 0 3 5 9  
0 . 0 3 5 6  
0 . 0 1 3 5  
0 . 0 1 3 6  
0 . 0 1 5 4  
0 . 0 1 5 4  

(cont . )  

0 . 4 1 1 9  
0 . 3 7 4 8  
0 . 2 4 9 0  
0 . 2203  
0 . 1 9 7 3  
0 . 1 7 8 4  
0 . 1 7 0 7  
0 . 1 6 1 7  
0 . 1 2 7 0  
0 . 1 0 0 5  
0 . 04 2 0  
0 . 0 732  
0 . 0 4 4 6  
0 . 0 6 9 2  
0 . 1 14 2  
0 . 1 0 7 9  
0 . 1 1 4 7  
0 . 1 2 2 5  
0 . 1 0 5 4  
0 . 1 4 6 9  
0 . 1706  
0 . 0 8 6 7  
0 . 0 9 2 3  
0 . 1 0 9 9  
0 . 1 1 8 8  
0 . 14 95 
0 . 1 7 5 0  
0 . 1 8 0 5  
0 . 0 8 9 1  
0 . 0 9 4 6  
0 . 1 0 4 7  
0 . 1 1 8 0  
0 . 1 2 3 3  
0 . 1 2 7 2  
0 . 1 4 1 2  
0 . 1 6 5 2  
0 . 1 8 7 5  
0 . 0 4 5 9  
0 . 0 4 8 9  
0 . 1 2 1 8  
0 . 1 2 7 2  
0 . 1 1 8 7  
0 . 1 2 8 7  



Alkanes : Methane and Another Gas as Solutes 435 

COMPONENTS: ORIGINAL MEASUREMENTS : 
1 .  Methane : CH4 : [ 7 4- 8 2 - 8 ]  Merril l ,  R .  C . : Luks , K .  D . : 
2 .  N itrogen : N z : [ 7 7 2 7-37-9 ] Kohn , J .  P .  

3 .  Hexane : C 6 H 1 4 :  [ 1 1 0-54-3 ] J .  Chern.  Eng . Data 
1 9 8 4 , 2 9 , 272-27 6 . 

EXPERIMENTAL VALUES : 

Phases in Mole fractions 

equilibrium T/K P /atm P /MPa Hexane , Nitrogen , 
XC 6 H l 4 xN z 

L 1 , L z , V  1 8 0 . 0 0 4 8 . 8 2 4 . 94 7  0 . 0 1 0 9  0 . 1 6 8 6  
1 8 0 . 00 4 9 . 2 9 4 . 9 94 0 . 0 0 7 4  0 . 1 6 7 4  
1 8 0 . 0 0 5 1 . 0 5 5 . 1 7 3  0 . 0 0 7 8  0 . 1 9 6 3  
1 8 5 . 0 0 4 0 . 5 1 4 . 1 0 5  0 . 0 3 5 2  0 . 0 2 8 6  
1 8 5 . 0 0 4 2 . 8 9 4 . 34 6  0 . 0 3 9 2  0 . 0 5 1 7  
1 9 0 . 0 0 4 4 . 4 7  4 . 5 0 6  0 . 0 2 6 1  0 . 0 1 7 6  
1 9 0 . 0 0 4 5 . 8 3 4 . 6 4 4  0 . 0 2 4 8  0 . 0 3 5 2  
1 9 0 . 0 0 4 9 . 5 7 5 . 0 2 3  0 . 0 1 4 6  0 . 0 6 1 0  



436 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 

1 .  Methane ; CH� ;  [ 7 4-8 2 - 8 ]  
2 .  Carbon dioxide ; COz ;  [ 124-38- 9 ] 
3 .  Butane ; C � H1 o ; [ 1 06-97-8 ] 

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa in liquid 
(T/°F)  (P/psi)  XCH� XC�H 1 o 

310 . 93 2 . 7 6 0 . 122 0 . 8 7 8  
( 1 0 0 )  ( 4 0 0 )  0 . 0 9 3 6  0 . 8 4 5 3  

0 . 0 8 5 8  0 . 8 1 6 3  
0 . 0 6 6 5  0 . 8 0 3 1  
0 . 0 4 9 5  0 . 7 8 0 3  
0 . 0332  0 . 7 3 4 7  
0 . 0 2 2 1  0 . 72 3 3  

- 0 . 69 9 6  
5 . 5 2 0 . 2 54  0 . 746  
( 8 0 0 )  0 . 2 3 3 6  0 . 68 7 3  

0 . 2 0 4 5  0 . 6 5 0 8  
0 . 1 861  0 .  5 7 1 8  
0 . 1517 0 . 5 2 2 7  
0 . 1002  0 . 4 3 9 6  
0 . 0 4 3 3  0 . 3 2 6 3  

- 0 . 25 9 4  
8 . 2 7 0 . 8 8 0  0 . 12 0  

( 1 2 0 0 )  0 . 7 8 8 7  0 . 11 7 2  
0 . 7 0 0 8  0 . 1112 
0 . 5 4 9 8  0 . 115 0 
0 . 4 6 0 3  0 . 117 3 
0 . 4 3 8 3  0 . 11 0 0  
0 . 3817  0 . 10 8 7  

ORIGINAL MEASUREMENTS : 

Wang , R. H . ; McKetta , J .  J .  

J .  Chern . Engng . Data 

1964 , 9 ,  30-3 5 .  

P REPARED BY : 

C .  L .  Young 

Mole fractions 
in vapor 

xCO z YcH � Yc �H 1 o 

- 0 . 8 24  0 . 17 6  
0 .  0611 0 . 6570  0 . 17 8 7  
0 . 0 9 7 9  0 . 5612  0 . 1784  
0 . 1304  0 . 4 6 8 7  0 . 1727  
0 . 1702  0 . 3 6 0 9  0 . 17 8 0  
0 . 2321  0 . 1926  0 . 1 7 8 2  
0 . 2 5 4 6  0 . 12 4 7  0 . 18 0 0  
0 . 3 0 0 4  - 0 . 1814 

- o .  877  0 . 12 3  
0 . 0791  0 .  7798  0 . 12 0 2  
0 . 14 4 7  0 .  7156  0 . 11 0 0  
0 . 2 4 2 1  0 . 5 8 7 3  0 . 1062  
0 . 3 256  0 . 4 8 5 1 0 . 1053  
0 . 4 6 0 2  o .  3 2 7 1  0 . 0 9 7 7  
0 . 6304  0 . 1 3 0 8  0 . 0 8 9 2  
0 . 7 4 0 6  - 0 . 0 8 0 3  

- 0 . 3 81  0 . 619 
0 . 0 9 4 1  0 . 3554  0 . 55 7 2  
0 . 1 8 8 0  0 . 3206  0 . 5102  
0 . 3 3 5 2  0 . 2752  0 . 4 2 4 6  
0 . 4 2 2 4  0 . 2556  0 . 3 7 0 0  
0 . 4 5 17 0 . 2 4 3 0  0 . 3 5 4 9  
0 . 5 0 9 6  0 . 2152  0 . 32 8 7  

(cent . )  

Yco 2 

-
0 . 1643  
0 . 2 6 04 
0 . 3586  
0 . 4 6 11 
0 . 6 2 9 2  
0 . 6 9 5 3  
0 . 8 1 8 6  

-
0 . 1 0 0 0  
0 . 1744  
0 . 3 0 6 5  
0 . 4 0 9 6  
0 . 5 7 5 2  
0 . 7 8 0 0  
0 . 9197  

-

0 . 0 8 7 4  
0 . 1692  
0 . 3002  
0 . 3 7 4 4  
0 . 4 0 2 1  
0 . 4 5 6 1  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Stainless steel windowed equilibrium 
cell with magnetic pump for re-

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . research 
grade sample , purity at least 9 9 . 9  
mole per cent . 

circulating vapor . Samples analysed 2 • 
by gas chromatography and mass 

Matheson Co . bone dry grade , 
purity at least 9 9 . 8  mole per cent 

spectrometry . Some details given 
in source and in re f .  ( 1 ) . 

3 .  Phillips Petroleum Co . research 
grade , purity at least 9 9 . 9  mole 
per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 3 at 310 K ;  ±0 . 3  at 1 7 8  K 
oP/MPa = ± 0 . 2 % ;  ox , oy = ±o . ool . 

REFERENCES : 

1 .  Wang , R. H .  
Ph . D .  thesis,  Univ ersity of Texas, 

Austin , 19 6 3 .  



Alkanes:  Methane and Another Gas as Solutes 437 

COMPONENTS : 

1 .  Methane :  CH4 :  
2 .  Carbon dioxide : 
3 .  Butane : C 4 H 1 o : 

[ 74 -8 2-8 ]  

C02 : [ 1 2 4-3 8-9 ]  
[ 10 6-9 7 -8 ]  

EXPERIMENTAL VALUES : 

T/K P/MPa 
{ T/ ° F )  {P/p s i )  

3 10 . 9 3 8 . 2 7 
{ 1 0 0 )  { 12 0 0 )  

1 1 . 7 2 
{ 17 0 0 )  

2 7 7 . 5 9 2 . 7 6 
{ 4 0 )  { 4 0 0 )  

5 . 52 
{ 8 0 0 )  

8 . 27 
{ 1 2 0 0 )  

1 1 . 72 
{ 1 7 0 0 )  

2 4 4 . 2 6 2 . 76 
{ -2 0 )  { 4 0 0 )  

5 . 52 
{ 8 0 0 )  

{ cont . )  

0 . 3 2 8 2  
0 . 2 1 9 1  
0 . 1 4 7 8  
0 . 59 9  
0 . 5 5 6 2  
0 . 5 4 2 6  
0 . 5 3 0 8  
0 . 5 3 3 7  
0 . 1 5 9  
0 . 14 8 4  
0 . 1 3 1 0  
0 . 1 0 0 2  
0 . 0 9 0 4  
0 . 0 6 9 8  
0 . 0 5 0 9  
0 . 0 2 8 9  
0 . 0157  

0 . 2 9 6  
0 . 2 8 01 
0 . 2 6 0 7  
0 . 2 4 8 0  
0 . 2 2 9 2  
0 . 2 0 7 0  
0 . 1 8 8 6  
0 . 17 4 0  
0 . 1 7 2 3  
0 . 1 8 4 5  
0 . 42 6  
0 . 4 3 8 3  
0 . 4 2 7 3  
0 . 4 3 0 9  
0 . 42 8 8  
0 . 4 2 0 8  
0 . 4 15 2  
0 . 4 1 4 5  
0 . 6 1 2  
0 . 6 3 2 1  
0 . 6 4 6 8  
0 . 6 5 8 8  
0 . 19 4  
0 . 1 7 7 7  
0 . 1 5 1 1  
0 . 14 8 3  
0 . 1 2 0 4  
0 . 1 1 0 0  
0 . 0 7 5 5  
0 . 0 6 9 2  
0 . 0 9 9 2  
0 . 3 7 0  
0 . 3 5 0 9  
0 . 3 3 4 9  
0 . 3 0 8 4  
0 . 2 8 8 7  
0 . 2 9 9 5  
0 . 2 8 85 
0 . 2 9 06 

in l iquid 

0 . 1 1 1 8  
0 . 1 0 8 7  
0 . 1 2 9 1  
0 . 4 4 1  
0 . 4 0 5 0  
0 . 3 6 3 6  
0 . 3 3 4 4  
0 . 2 9 8 4  
0 . 84 1  
0 . 8 0 7 8  
0 . 7 8 2 1  
0 . 7 1 4 6  
0 . 6 9 4 2  
0 . 6 5 1 4  
0 . 5 9 9 3  
0 . 5 2 4 8  
0 . 4 7 0 4  
0 . 4 2 7 9  
0 . 7 0 4  
0 . 6 4 5 6  
0 . 5 9 3 2  
0 . 5 3 3 8  
0 . 4 6 2 4  
0 . 3 9 3 2  
0 . 3 3 8 9  
0 . 2 8 0 2  
0 . 2 0 0 9  
0 . 14 8 8  
0 . 57 4  
0 . 4 8 5 1  
0 . 4 4 3 0  
0 . 3 8 6 2  
0 . 3 1 5 2  
0 . 2 7 0 0  
0 . 2 2 1 2  
0 . 1 8 3 3  
0 . 3 8 8  
0 . 3 3 7 6  
0 . 2 9 2 1  
0 . 2 4 5 9  
0 . 8 0 6  
0 . 7 1 3 7  
0 . 5 8 8 7  
0 . 4 7 5 5  
0 . 3 9 0 2  
0 . 3 2 3 4  
0 . 2 2 0 8  
0 . 0 9 6 6  
0 . 0 5 4 6  
0 . 6 3 0  
0 . 5 7 7 9  
0 . 52 8 9  
o.  4 3 2 1  
0 . 3 4 1 1  
0 . 2 31 2  
0 . 2 0 1 2  
0 . 14 3 9  

ORIGINAL MEASUREMENTS : 

wang , R .  H . : McKetta , J .  J .  

J .  Chern . Engng . Data 
1 9 6 4  1 9 1 30-35  • 

Mole fractions 

0 . 5 6 0 0  
o .  6 7 2 2  
0 .  7 2 3 1  

0 . 0 3 8 8  
0 . 0 9 3 8  
0 . 1 3 4 8  
0 . 16 7 9  

0 . 0 4 3 8  
0 . 0 8 6 9  
0 . 1 8 5 2  
0 . 2 1 5 4  
0 . 2 7 8 8  
0 . 3 4 9 8  
0 . 4 4 6 3  
0 . 5 1 3 9  
o. 5 7 2 1  

0 . 0 7 4 3  
0 . 14 6 1  
0 . 2 1 8 2  
0 . 3 0 8 4  
0 . 3 9 9 8  
0 . 4 7 2 5  
0 . 5 4 5 8  
0 . 6 2 6 8  
0 . 6 6 6 7  

0 . 0 7 6 2  
0 . 1 2 9 7  
0 . 1 8 2 9  
0 . 25 6 0  
0 . 3 0 9 2  
0 . 3 6 3 6  
0 . 4 0 2 2  

0 . 0 3 0 3  
0 . 0 6 1 1  
0 . 0 9 5 3  

0 . 10 8 6  
0 . 2 6 0 2  
0 . 3 7 6 2  
0 . 4 8 9 4  
0 . 5 6 6 6  
0 . 7 0 3 7  
0 . 8 3 4 2  
0 . 8 4 6 2  

0 . 0712  
0 . 1 3 6 2  
0 . 2 5 9 5  
0 . 3 7 0 2  
0 . 4 6 9 3  
0 . 5 1 0 3  
0 . 5 6 5 5  

0 . 1 9 2 8  
0 . 14 9 6  
0 . 1 3 3 2  
0 . 8 4 4  
0 . 7 9 7 2  
0 . 7 3 4 4  
0 . 67 9 8  
0 . 6 0 8 6  
0 . 92 8  
0 . 8 5 6 7  
0 . 7 9 6 3  
0 . 6 3 9 4  
0 . 5 8 3 7  
0 . 4 81 2  
0 . 3 7 0 5  
0 . 2 0 6 0  
0 . 0 9 1 2  

0 . 94 5  
0 . 84 2 0  
0 . 7 4 4 4  
0 . 6 6 4 8  
0 . 5 7 4 9  
0 . 5 0 4 0  
0 . 4 6 7 4  
0 . 3 8 0 6  
0 . 2 8 6 4  
0 . 2 2 9 7  
0 . 9 4 2  
0 .  8 7 1 5  
0 . 8 1 8 6  
0 . 7 6 1 1  
0 . 6 7 5 6  
0 . 6 1 9 7  
0 . 5 3 3 3  
0 . 4 6 8 0  
0 . 8 9 9  
0 . 8 5 4 3  
0 . 8 1 0 0  
0 . 7 5 6 2  
0 . 9 7 3  
0 . 9 2 7 6  
0 . 8 6 7 6  
0 . 8 1 0 9  
0 . 6 9 5 6  
0 . 6 1 2 8  
0 . 5 3 4 3  
0 . 4 5 5 0  
0 . 2 9 2 0  
0 . 97 5  
0 . 94 95 
0 . 9 2 2 3  
0 . 8 7 6 5  
0 . 8 2 8 8  
0 . 7 9 2 0  
0 . 7 4 9 8  
0 . 7 2 3 8  

0 . 3 0 5 2  
0 . 24 9 6  
0 . 2 0 0 3  
0 . 15 6  
0 . 1 5 6 6  
0 . 1 5 8 9  
0 . 17 1 4  
0 . 2 01 4  
0 . 07 2  
0 . 0 6 3 5  
0 . 0 6 3 5  
0 . 0 7 0 6  
0 . 0 7 3 9  
0 . 0 6 8 8  
0 .  0 7 7 8  
0 . 0 7 4 8  
0 . 0 7 9 0  
0 . 0 7 8 2  
0 . 0 5 5  
0 . 0 5 9 8  
0 . 0 5 6 0  
0 . 0 6 0 4  
0 . 0 5 0 4  
0 . 0 6 3 8  
0 . 0 4 7 4  
0 . 0 6 2 3  
0 . 0 7 3 6  
0 . 0 9 5 4  
0 . 05 8  
0 . 0 5 0 3  
0 . 0 5 0 2  
0 . 0 4 8 9  
0 . 0 5 0 6  
0 . 0 5 2 6  
0 , 0 7 6 7  
0 . 1 0 4 2  
0 . 10 1  
0 . 1 0 9 4  
0 . 1 2 0 2  
0 . 14 0 1  
0 . 02 7  
0 . 0 2 4 7  
0 . 0 2 2 6  
0 . 0212  
0 . 0 1 9 8  
0 . 0 2 0 8  
0 . 0 1 3 6  
0 .  0 1 1 3  
0 . 0 1 0 2  
0 . 02 5  
0 . 0 2 0 1  
0 . 0 1 9 9  
0 . 0 1 9 8  
0 . 0 1 7 4  
0 . 0 1 9 1  
0 . 0 2 1 7  
0 . 02 8 1  

0 . 5 0 2 0  
0 . 6 0 0 8  
0 . 6 6 6 5  

0 . 0 4 6 2  
0 . 1 0 6 7  
0 . 14 8 8  
0 . 1 9 0 0  

0 . 07 9 8  
0 . 1 4 0 2  
0 . 2 9 0 0  
0 . 3 4 2 4  
0 . 4 5 0 0  
0 . 5 5 1 7  
o.  7 1 9 2  
0 . 8 2 9 8  
0 . 9 2 1 8  

0 . 0 9 8 2  
0 . 19 9 6  
0 . 27 4 8  
0 . 3 7 4 7  
0 . 4 3 2 2  
0 . 4 8 5 2  
0 . 5 5 7 1  
0 . 6 4 0 0  
0 . 6 7 4 9  

0 . 0 7 8 2  
0 . 1 3 12 
0 . 19 0 0  
0 . 2 7 3 8  
o.  3 2 7 7  
0 . 3 9 0 0  
0 . 4 2 7 8  

0 . 0 3 6 4  
0 . 0 6 9 8  
0 . 1 0 3 7  

0 . 0 4 7 7  
0 . 1 0 9 8  
0 . 1 6 7 9  
0 . 2 8 4 6  
0 . 3 6 6 4  
0 . 4 5 2 1  
0 . 5 3 3 7  
0 . 6 9 7 8  

0 . 0 3 0 4  
0 . 0 5 7 8  
0 . 1 0 3 7  
0 . 1 5 3 8  
0 . 18 8 9  
0 . 2 2 8 5  
0 . 2 4 8 1  



438 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 7 4-B2 - B )  Wang , R .  H • ; McKetta , J .  J .  
2 .  Carbon dioxide ; C02. ; [ 124-3 B-9 ) J .  Chern . Engng . Data 

3 .  Butane ; C �H 1 o i  [ 106-97-B )  19 64 , 9 ,  30- 3 5 .  

EXPERIMENTAL VALUES :  
Mole fractions 

in liquid in vapor 
T/K P/MPa xCH� xC � H 1 o xco2. YcH � Yc � H 1 o Yco2. (TjOF )  (P/psi)  

244 . 2 6 5 . 52 
(-20 )  ( B O O )  0 . 31B3  0 . 0913  0 . 59 0 4  0 . 70 0 5  0 . 012B  0 . 2 B 6 7  

B . 2 7 0 . 534  0 . 4 6 6  - 0 .  9 7 1  0 . 0 29  -
( 1 2 0 0 )  0 . 5 2 6 9  0 . 3B97  O . O B 3 4  0 . 9 0 5 6  0 . 0305  0 . 06 3 9  

0 . 5 2 5 1  0 . 3241  O . l50B  O . B 4 B 6  0 . 02 9 2  0 . 1222  
0 .  5 2 7 1  0 . 2 5 9 5  0 . 2134  0 . 7 9 B O  0 . 0257  0 . 1763  
0 . 54 B B  0 . 1717 0 . 2 7 9 5  0 . 7 3 7 4  0 . 02 4 0  0 . 2 3B6  
0 . 5 B 3 6  0 . 0 9 6 6  0 . 319B  0 . 6762  0 .  0 2 9 6  0 . 2 9 3 2  

11 . 72 O . B31 0 . 1 69  - 0 . 9 0 2  0 . 0 9B  -
( 1 7 0 0 )  O . B 5 0 4  O . l2B2  0 . 0214 O . B B 6 B  0 . 1000  0 . 0132  

210 . 9 3 2 . 76 0 . 33 5  0 . 6 6 5  - 0 . 9 9 0  0 . 010 -
(-BO )  ( 4 0 0 )  0 . 3253  0 . 6357  0 . 0 3 9 3  0 . 9 6 4 9  0 .  0 0 9 7  0 . 0 2 5 4  

0 . 3217  0 . 61BB  0 . 0 5 9 5  0 . 9503  0 .  0 0 9 6  0 . 0 401  
0 . 31Bl  0 . 6019  O . O B O O  0 . 9 4 0 0  0 . 0037  0 . 05 6 3  
0 . 306B  0 . 5777  0 . 1155 0 . 9112 O . O O B 5  O . O B 0 3  
0 . 2 B 02 0 . 4 6 0 6  0 . 2 5 9 2  O . Bl04 O . O O B 4  0 . 1Bl2 
0 . 2 7 0 0  0 . 36 0 0  0 . 3 7 0 0  0 . 7 277  0 . 0123  0 . 2 6 0 0  
0 . 2 B 0 1 0 . 1 7 9 7  0 . 5 4 0 2  0 . 5 7 9 9  0 . 019B  0 . 4 0 0 3  
0 . 3011  O . O B 5 6  0 . 6133  0 . 5160  0 . 0204  0 . 4 6 3 6  

5 . 52 0 . 6 7 0 0  0 . 3 3 0 0  - 0 . 9 9 0  0 . 010  -

( B O O )  0 . 6753  0 . 3055  0 . 0192  0 . 9 6 9 B  0 . 0146  0 . 0156  
0 . 675B  0 . 2 B 3 5  0 . 04 0 7  0 . 9 5 7 0  0 . 009B  0 . 0 3 3 2  
0 . 6 B 4 B  0 . 1B 5 5  0 . 12 9 7  O . B 7 6 0  0 . 0 0 9 9  0 . 1 141 
0 . 6 9 9 5  0 . 1 2 0 9  0 . 1796  O . B 2 7 5  0 . 0102 0 . 1623  
0 .  7167  O . O B 11 0 . 2 0 22 0 . 7 9 B B  0 . 0100  0 . 1912  

6 . B 9  O . B 4 B  0 . 152 - 0 . 97 0  0 . 0 3 0  -
(1000 )  O . B674  0 . 1103 0 . 0223  0 . 9 5 B 2  0 . 0251  0 . 0167  

O . B B 9 6  0 . 0742  0 . 0362  0 . 9433  0 . 0270  0 . 0 2 9 7  
177 . 5 9 2 . 76 O . B S O  0 . 15 0  - 0 . 9 9 6  0 . 00 4  -

( -14 0 )  ( 4 0 0 )  O . B 3 B 9  0 . 1 16B 0 . 04 4 3  0 . 9 B 0 2  0 . 0031  0 . 0167  
O . B 4 5 5  0 . 0 7 0 1  O . O B 4 4  0 . 9 6 5 9  0 . 0 0 4 2  0 . 02 9 9  
O . B 7 3 7  0 . 0 207  0 . 1056  0 . 9 4 B 2  0 . 0056  0 . 0 4 6 2  



Alkanes : Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH4 ; [ 74 -8 2-8 ]  
2 .  Carbon dioxide ; C02 ; [ 1 2 4-3 8-9 ]  Saxena , A .  C . ; Robinson , D .  B .  

Can .  J .  Chem . Engng . 3 .  Butane ; C 4H 1 0 ; [ 1 0 6-9 7 - 8 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K P/MPa 
:x; 

( Tj D F )  (P/psia) CH4 

3 1 0 . 9 3 2 . 75 8  0 . 07 0  
( 1 0 0 )  ( 4 0 0 )  0 . 0 8 4  

0 . 0 3 0  
0 . 12 2  

-

5 . 5 1 6  0 . 16 9  
( 8 0 0 )  0 . 22 4  

0 . 07 3  
0 . 2 5 4  

-

8 . 27 -

( 12 0 0 )  0 . 21 2  
0 . 26 0  
0 . 1 5 2  
0 . 3 3 6  
0 . 2 0 3  
0 . 3 8 1  

2 7 7 . 5 9 2 . 7 5 8  0 . 1 5 5  
( 4 0 )  ( 4 0 0 )  0 . 117  

0 . 09 4  
0 . 02 9  

1 9 6 9 ,  4 7 ,  6 9-7 5 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction 
in liquid in vapor 

:x; :x;
C 4 H 1  o Y CH4 Y co 2 Y C 4H 1 0 C02 

0 . 13 2  0 . 7 9 8  0 . 4 7 2  0 . 34 9  0 . 17 9  
0 . 0 9 9  0 . 8 0 7  0 . 5 4 1  0 . 2 8 1  0 . 17 8  
0 . 22 5  0 . 74 5  0 . 2 3 1  0 . 58 7  0 . 18 2  

- 0 . 87 8  0 . 8 2 4  - 0 . 17 6  
0 . 3 0 0  0 . 7 0 0  - 0 . 82 0  0 . 18 0  
0 . 2 7 5  0 . 5 5 6  0 . 4 6 6  0 . 4 1 2  0 . 12 2  
0 . 0 9 5  0 . 6 8 2  0 . 71 3  0 . 15 8  0 . 1 2 9  
0 . 54 9  0 . 37 8  0 . 19 9  0 . 6 9 4  0 . 1 0 7  

- 0 . 7 4 6  0 . 8 7 7  - 0 . 12 3  
0 . 7 3 5  0 . 2 6 5  - 0 . 92 0  0 . 08 0  

- - 0 . 4 6 4  0 . 4 2 9  0 . 107 
0 . 4 4 5  0 . 3 4 3  0 . 3 9 9  0 . 4 8 7  0 . 11 4  
0 . 31 3  0 . 4 2 7  0 . 52 0  0 . 3 6 9  0 . 11 1  
0 . 5 9 5  0 . 25 3  0 . 2 3 7  0 . 6 5 6  0 . 10 7  
0 . 12 2  0 . 54 2  0 . 7 4 3  0 . 14 0  0 . 1 1 7  
0 . 45 8  0 . 3 3 9  - - -

- 0 . 6 1 9  0 . 8 8 0  - 0 . 12 0  
0 . 09 0  0 . 75 5  0 . 7 3 2  0 . 18 3  0 . 0 8 5  
0 . 17 8  0 . 7 0 5  0 . 57 1  0 . 33 4  0 . 09 5  
0 . 2 9 7  0 . 6 0 8  0 . 4 1 4  0 . 4 8 7  0 . 09 9  
0 . 4 7 9  0 . 49 2  0 . 17 5  0 . 7 3 5  0 . 0 9 0  

(cont . )  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity varied 
between 9 9 . 3  and 9 9 . 7  per cent 
as determined by gas chromato
graphy . 

2 .  Canadian Liquid Air Co . , purity 
at least 9 9 . 5  per cen t .  

439 

Variable volume cell with sample 

confined between two moveable pistons . 

Volume varied by mercury inj ectio n .  
Details o f  design given in source . 

Cel l  fitted with windows . Samples 

o f  gas and liquid analysed by gas 
chromatography . Temperature 

3 .  Matheson instrument grade , purity 
9 9 . 5  mole per cent . 

measured with iron-constantan 

thermocouple . Pressure measured 
with Bourdon gauge . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 3 ;  o P/MPa = ± 0 . 0 0 3  up 

to 6 MPa ,  ± 0 . 02 above 6 MPa ; 

ox , ot1 = ± 1 % . 
REFERENCES : 



440 Alkanes:  Methane and Another Gas as Sol utes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane � CH4 � [ 7 4-82-8 ] Saxena , A .  c . ; Robinson , D .  B .  
2 .  Carbon dioxide ; C02 ; [ 124-38-9 ]  Can .  J .  Chern . Engng . 

3 .  Butane ; C4H 1 o ; [ 1 06- 97-8 ] 19 6 9 ,  4'1 ,  69-7 5 .  

EXPERIMENTAL VALUES : 
Mole fraction 

T/K P/MPa in liquid in vapor 
{ T/° F) {P/psia) XCH4 xco2 XC 4 H l 0 Yca 4 Yco2 Yc 4H 1 o 

277 . 5 9 2 . 7 5 8  
{ 4 0 )  { 4 0 0 )  0 . 1 9 8  - 0 . 8 0 2  0 . 92 8  - o .  072  

- 0 . 5 6 8  0 . 4 3 2  - 0 . 9 30 0 . 07 0  
5 . 516 o .  271 0 . 2 5 0  0 . 4 7 9  0 . 6 6 3  0 . 2 8 4  0 . 0 5 3  

{ 8 0 0 )  0 . 331  0 . 14 1  0 . 5 2 8  o .  7 7 7  0 . 16 9  0 . 0 5 4  
0 . 09 3  0 . 8 2 7  0 . 0 8 0  0 . 2 8 7  0 . 6 9 9  0 . 01 4  
0 . 210 0 . 4 17 0 . 3 7 3  0 . 5 0 4  0 . 4 47  0 . 0 4 9  
0 . 4 0 7  - 0 . 5 93 0 . 9 5 6  - 0 . 04 4  
0 . 062  0 . 9 3 8  - 0 . 2 14 0 . 7 8 6  -

8 . 2 7 0 . 47 6  0 . 166 0 . 35 8  0 . 7 8 9  0 . 15 7  0 . 0 5 4  
{ 12 0 0 )  0 . 2 0 9  0 . 7 6 5  0 . 02 6  0 . 3 31  0 . 6 6 0  0 . 0 0 9  

0 . 3 2 8  0 . 4 6 7  0 . 2 05 0 . 5 5 3  0 . 4 0 3  0 . 04 4  
0 . 567 - 0 . 4 33 0 . 95 0  - 0 . 0 50 
0 . 19 4  0 . 8 06 - 0 . 3 0 8  0 . 6 9 2  -

2 4 4 . 26 2 . 7 5 8  0 . 136 0 . 59 0  0 . 2 7 4  - - -
{ -2 0 )  { 4 0 0 )  0 . 0 4 3  0 . 9 4 7  0 . 010 - - -

0 . 12 2  0 . 6 3 8  0 . 2 40  0 . 518  0 . 4 73 0 . 0 0 9  
0 . 15 9  0 . 4 9 1  0 . 3 5 0  0 . 57 8  0 . 3 96  0 . 0 26 
0 . 26 6  0 . 0 9 4  0 . 6 4 0  0 . 8 61  0 . 114 o .  025 
0 . 212  0 . 2 7 8  0 . 5 10 0 . 6 9 9  0 .  2 7 7  0 . 02 4  
0 . 0 3 9 5  0 . 9 6 0 5  - o .  419  0 . 58 1  -
0 . 2 9 4  - 0 . 7 06 0 . 9 5 7  - 0 . 04 3  

5 . 516 0 . 33 5  0 . 52 9  0 . 136 0 . 6 8 2  0 . 3 10 0 . 0 0 8  
{ 8 0 0 )  0 . 3 8 6  0 . 4 0 2  0 . 2 3 2  0 . 74 6  0 . 2 4 0  0 . 014 

0 . 4 10 0 . 3 2 8  0 . 2 62 0 . 7 8 0  0 . 2 07 0 . 013  
0 . 4 6 7  0 . 112 0 . 42 1  0 . 89 5  o .  0 9 1  0 . 014 
0 . 410  0 . 32 7  0 . 2 6 3  o .  7 7 5  0 . 2 0 8  0 . 017  
0 . 18 8  0 . 8 1 2  - 0 . 6 2 5  0 . 3 75 -
0 . 4 9 9  - 0 . 501  0 . 97 8  - 0 . 022  

8 . 27 0 . 67 8  0 . 0 5 9  0 . 2 6 3  0 . 9 2 7  0 . 04 7  0 . 02 6  
0 . 6 47  0 . 136 0 . 217  0 . 8 7 9  0 . 0 9 5  0 . 0 26 
0 . 62 4  o .  211 0 . 16 5  0 . 8 3 7  0 . 146  0 . 017 
0 . 7 0 8  - o .  2 9 2  o .  9 7 2  - 0 . 0 2 8  
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COMPONENTS: 

1 .  Methane ; CH4 ; [ 7 4 -8 2-8 ]  

2 .  Carbon dioxide ; C0 2 ;  [ 1 24 -3 8 - 9 )  
3 .  Hexane ; C G H 1 4 ;  [ 1 1 0-5 4 -3 )  

VARIABLES : 

EXPERIMENTAL VALUES : 

Phases in T/K P/atm equilibrium 

ORIGINAL MEASUREMENTS: 

Merrill , R. C . ;  Luks , K .  D . ; 

Kohn , J .  P .  

J .  Chern . Eng .  Data 
1 9 8 3 , 2 8 , 2 1 0 -2 1 5 . 

PREPARED BY : 

c .  L .  Young 

Mole fractions of 

P /MPa hexane 
XC 6 H l 4  

carbon dioxide 
X C02 

Data for hexane-lean ehase ! L 2  

L 1 , L 2 , V 2 0 4 . 0 0 5 7 . 4 6  
2 0 4 . 0 0 5 7 . 9 6 
2 0 2 . 0 0 5 5 . 9 6 
2 0 0 . 0 0 53 . 4 5  
2 0 0 . 0 0 5 3 . 6 5  
1 9 8 . 0 0 50 . 9 3 
1 9 8 . 0 0 5 2 . 0 2 
1 9 8 . 0 0 5 2 . 4 9  
1 9 6 . 0 0 4 9 . 0 9 
1 9 6 . 0 0 4 9 . 30 
1 9 6 . 0 0 4 9 . 36 
1 9 6 . 0 0 4 9 . 36 
1 9 6 . 0 0 4 9 . 4 3 
1 9 6 . 0 0 50 . 3 8 
1 9 6 . 0 0 50 . 4 4 
1 9 6 . 0 0 50 . 5 9 
1 9 6 . 0 0 50 . 6 6 
1 9 6 . 0 0 5 1 . 0 0 
1 9 4 . 0 0 4 6 . 1 7 
1 9 4 . 0 0 4 6 . 4 4 
1 9 4 . 0 0 4 7 . 5 2  

AUXI LI ARY 

METHQD , APPARATUS /PROCEDURE : 

Glass equilibrium cell . Temperature 

measured with platinum resi stance 
thermometer and pressure with 

Bourdon gauge . Stoichiometry and 

volumetric measurements were used 
to obtain liquid phase compositions 

and molar volume s .  Gas phase 

composition assumed to be the same 
as in binary ( re f .  ( 2 ) ) . Molar 

volume data in source . 

apparatus in ref .  ( 1 ) . 

Detai l s  of 

5 . 8 2 2  0 . 0 3 3 1  0 . 0 8 4 1  
5 . 8 7 3  0 . 0 3 0 4  0 . 0 8 5 0  
5 . 6 7 0  0 . 0 2 1 4  0 . 0 0 8 3  
5 . 4 1 6  0 . 0 3 1 0  0 . 0 7 8 3  
5 . 4 3 6  0 . 0 2 9 9  0 . 0 7 5 1  
5 . 1 6 0  0 . 0 3 7 1  0 . 0 7 9 1  
5 .  2 7 1  0 . 0 2 3 3  0 . 0 4 0 4  
5 . 3 1 9  0 . 0 2 0 9  0 . 0 2 6 7  
4 . 97 4  0 . 0 3 2 3  0 . 0 4 3 6  
4 . 9 9 5  0 . 0 2 8 4  0 . 0 3 9 4  
5 . 0 0 1  0 . 0 2 8 5  0 . 0 2 5 9  
5 . 0 0 1  0 . 0 3 0 3  0 . 02 6 3  
5 . 0 0 8  0 . 0 2 5 6  0 . 0 2 6 7  
5 . 1 05  0 . 0 2 0 4  0 . 0 1 8 1  
5 . 1 1 1  0 . 0 1 8 2  0 . 02 5 1  
5 . 1 2 6  0 . 0 2 0 6  0 . 0 1 8 8  
5 . 1 3 3  0 . 0 1 5 9  0 . 0 0 2 9  
5 . 1 6 8  0 . 0 1 7 8  0 . 0 0 2 2  
4 . 6 7 8  0 . 0 4 3 7  0 . 0 2 8 3  
4 . 7 0 6  0 . 0 3 9 7  0 . 0 4 0 0  
4 . 8 15  0 . 0 2 9 2  0 . 0 2 3 8  

(cont . )  

INFORHATION 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Linde Ultra Pure grade sample , 
purity 9 9 . 97 moles per cent . 

2 .  Matheson " Coleman Grade " sample , 
purity 9 9 . 9 9 moles per cent . 

3 .  Humphrey Chemical Co . sample , 
purity 9 9  moles per cent . 

ESTIMATED ERROR: 

6T/K = ± 0 . 0 3 ;  6P/MPa = ±0 . 0 0 7 ; 

6x/x = ± 0 . 0 2 in L 1 phase , 
± 0 . 0 8 in L ,  Phase . 

REFERENCES : 
1 .  Hottovy , J . D . ;  Kohn , J . P . ; Luks , 

K . D .  J .  Chern.  Eng . Data 
1 9 8 1 , 2 6 ,  1 3 5 . 

2 .  Mraw , S . C . ;  Hwang , S . -c . ; 
Kobayashi , R .  J .  Chern . Eng.  Data 
1 97 8 , 2 3 , 1 3 5 . 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] 
2 .  Carbon dioxide ; C0 2 ;  [ 1 24-38-9 ] 
3 .  Hexane ; C 5 H 1 4 ; [ 1 10-54-3 ]  

EXPERIMENTAL VALUES : 

Phases in 
equilibrium T/K 

1 94 . 0 0 
194 . 0 0 
194 . 0 0 
1 92 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0  
1 92 . 0 0 
1 92 . 0 0 
1 9 0 . 0 0 
1 9 0 . 0 0 
190 . 0 0 
1 9 0 . 0 0 
1 8 8 . 0 0 
1 8 8 . 0 0 
1 88 . 0 0 
1 8 8 . 0 0 
1 8 6 . 0 0 
1 9 7 . 1 5 
1 9 9 . 8 0 
200 . 0 5 
2 0 0 . 1 8 
200 . 1 9 
2 0 1 . 8 3 
202 . 3 3 
202 . 9 1 
2 0 3 . 9 8 

P/atm 

47 . 7 3 
4 7 . 8 0 
47 . 8 7 
43 . 8 5 
4 4 . 6 7 
44 . 8 7 
45 . 15 
45 . 4 9 
4 2 . 22 
42 . 4 3 
4 2 . 5 6 
4 2 . 7 0  
39 . 3 7 
39 . 7 7 
39 . 9 1  
4 0 . 1 1  
37 . 6 0 
52 . 0 9 
54 . 2 6 
55 . 35 
54 . 5 3  
54 . 3 3 
55 . 9 6 
56 . 3 7 
56 . 8 5 
57 . 8 6 

ORIGINAL MEASUREMENTS : 

Merrill , R. C . ;  Luks , K .  D . ; 
Kohn , J .  P .  
J .  Chem . Eng . Data 

1 9 8 3 ,  2 8 , 210-2 1 5 . 

Mole fractions of 

P/MPa 

4 . 8 3 6  
4 . 8 4 3  
4 . 8 5 0  
4 . 4 4 3  
4 . 5 2 6  
4 . 5 46  
4 . 5 75 
4 . 6 09  
4 . 2 7 8  
4 . 2 9 9  
4 . 3 1 2  
4 . 3 27 
3 . 9 8 9  
4 . 0 30 
4 . 0 4 4  
4 . 0 64  
3 . 8 1 0  
5 . 2 7 8  
5 . 4 26 
5 . 6 0 8  
5 . 5 2 5  
5 . 5 0 5  
5 . 6 7 0  
5 .  7 1 2  
5 . 7 6 0  
5 . 8 6 3  

0 . 0 2 1 0  
0 . 0 2 4 6  
0 . 0 2 7 4  
0 . 0 5 5 1  
0 . 0 3 7 4  
0 . 0 266  
0 . 0 3 6 1  
0 . 0 2 9 1  
0 . 0 4 6 6  
0 . 0 3 8 7  
0 . 0 4 1 1  
0 . 03 6 1  
0 . 0 6 2 3  
0 . 0 4 6 8  
0 . 0 4 7 3  
0 . 0 4 5 5  
0 . 05 9 2  
0 . 0055  
0 . 0 0 9 0  
0 . 007 8 
0 . 0073  
0 . 0 0 4 4  
0 . 0 0 8 0  
0 . 0 1 0 4 
0 . 0 1 4 9  
0 . 0 1 3 7 

carbon dioxide 
xco 2  

0 . 0 0 4 6  
0 . 0 0 1 2  
0 . 0000  
0 . 0305  
0 . 0 1 2 4  
0 . 0 0 4 7  
0 . 0 1 3 4 
0 . 0 0 3 1  
0 . 0 1 3 9  
0 . 0032  
0 . 0 1 0 1  
0 . 0 0 35 
0 . 0 1 4 3  
0 . 0 042  
0 . 0 0 3 9  
0 . 0 0 35 
0 . 0 0 3 5  
0 . 0 0 1 4  
0 . 0 255  
0 . 0 3 9 2  
0 . 0234  
0 . 0 1 9 4  
0 . 0 3 64 
0 . 0 522  
0 . 0 6 2 8  
0 . 0 7 4 7  

Data for hexane-rich phase ,  L 1  
1 8 4 . 1 4 
1 8 4 . 7 6 
1 8 9 . 6 1 
1 8 9 . 8 5 
1 9 0 . 69  
1 9 1 . 1 3 
193 . 7 4 
1 9 9 . 1 8 
1 9 9 . 3 4 
202 . 6 3 
1 8 8 . 4 1 
1 9 1 . 17 
1 9 6 . 8 9 
1 9 7 . 7 6 
1 9 7 . 9 2 
1 9 8 . 1 0 
1 9 8 . 1 3 
1 9 9 . 8 7 
203 . 2 4 
203 . 6 6 
204 . 0 0 
204 . 0 0 
202 . 0 0 
202 . 0 0 
202 . 0 0 
202 . 0 0 

35 . 4 1  
35 . 9 6 
4 1 . 1 3 
4 1 . 3 9 
42 . 36 
42 . 9 0 
4 5 . 3 6 
5 1 . 8 2 
51 . 7 5 
5 5 . 7 0  
39 . 5 0 
42 . 4 9  
52 . 2 2 
52 . 2 8  
52 . 4 2  
52 . 8 9 
52 . 9 0 
54 . 2 7 
57 . 0 6 
57 . 6 7 
58 . 0 7 
5 8 . 2 1  
55 . 1 6 
5 5 . 3 6 
55 . 4 3  
55 . 6 3 

3 . 5 8 8  
3 . 6 4 4  
4 . 1 6 7  
4 . 1 94  
4 . 2 92  
4 . 3 47  
4 . 5 96  
5 . 2 5 1  
5 . 2 4 4  
5 . 6 4 4  
4 . 0 02 
4 . 3 05 
5 . 2 9 1  
5 . 2 97  
5 .  311  
5 . 3 5 9  
5 . 3 60 
5 . 4 9 9  
5 . 7 8 2  
5 . 8 4 3  
5 . 8 8 4  
5 . 8 9 8  
5 . 5 8 9  
5 . 6 0 9  
5 . 6 16  
5 . 6 37 

0 . 1 3 0 5  
0 . 1 4 9 5 
0 . 1566  
0 . 1 6 9 8  
0 . 1 7 0 1  
0 . 1707  
0 . 1 3 0 6  
0 . 14 0 8  
0 . 1 2 5 1  
0 . 1 1 6 1  
0 . 1 1 4 1  
0 . 0 8 5 0  
0 . 2365  
0 . 2304  
0 . 22 3 2  
0 . 2264 
0 . 2334  
0 . 2035  
0 . 1 4 2 3  
0 . 1 4 8 2  
0 . 1 1 5 2  
0 . 1 1 8 4  
0 . 1 3 0 2  
0 . 1 2 6 1  
0 . 1364  
0 . 1 5 4 8  

( cont . )  

0 . 0 1 5 7  
0 . 0 1 76 
0 . 0 3 1 0  
0 . 0 260  
0 . 0 2 5 2  
0 . 0 338  
0 . 0454  
0 . 07 4 3  
0 . 0674  
0 . 0 9 0 1  
0 . 0 310  
0 . 0 323 
0 . 0 1 2 3  
0 . 0 3 4 4  
0 . 0 4 2 8  
0 . 0334  
0 . 0 0 7 9  
0 . 0 8 8 3  
0 . 1 3 8 0  
0 . 0 8 4 8  
0 . 1 0 7 8  
0 . 1 0 1 8  
0 . 0 8 0 7  
0 . 1 2 2 6  
0 . 0 9 3 8  
0 . 0 6 6 4  



Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  
2 .  Carbon dioxide ; COz ; [ 1 2 4 - 3 8 - 9 ]  

3 .  Hexane ; C 6 H l 4 i [ 1 1 0 - 5 4 -3 ) 

EXPERIMENTAL VALUES : 

Phases in 
equilibrium T/K 

2 0 0 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 8 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 6 . 0 0 
1 9 4 . 0 0 
1 9 4 . 0 0 
1 9 4 . 0 0 
1 9 4 . 00 
1 9 4 . 0 0 
1 9 4 . 0 0 
1 9 4 . 0 0 
1 9 4 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 0 0 
1 9 2 . 00 
1 9 0 . 0 0 
1 9 0 . 0 0 
1 9 0 . 0 0 
1 8 8 . 0 0 
1 8 8 . 0 0 
1 8 8 . 0 0 
1 8 6 . 0 0 
1 8 6 . 0 0 
1 8 6 . 0 0 

P /atm 

52 . 7 0 
5 1 . 2 1 
5 1 . 3 4 
52 . 0 8  
52 . 4 2  
5 2 . 6 8 
4 8 . 4 9 
4 9 . 4 9 
4 9 . 9 6 
5 0 . 0 4 
50 . 1 7 
5 0 . 3 8 
5 0 . 6 5 
5 0 . 7 3 
4 6 . 3 0 
4 6 . 8 3 
4 6 . 9 1 
4 6 . 97 
4 6 . 9 9 
4 7 . 0 4  
4 7 . 4 6  
4 7 . 7 4 
4 4 . 1 2 
4 4 . 2 0 
4 4 . 2 5 
4 4 . 25 
4 4 . 27 
4 4 . 32 
4 4 . 8 0 
4 4 . 95 
4 5 . 1 9 
4 1 . 6 1 
4 2 . 2 3 
4 2 . 5 6 
39 . 8 3 
39 . 8 3 
39 . 90 
37 . 32 
37 . 4 5 
37 . 5 2  

ORIGINAL MEASUREMENTS : 

Merrill , R .  C . ;  Luks , K .  D . ; 
Kohn , J .  P .  
J .  Chem . Eng . Data 

1 9 8 3 , 2 8 , 2 1 0-2 1 5 .  

Mole fractions of 

P /MPa 

5 . 34 0  
5 . 1 8 9  
5 . 2 0 2  
5 . 277  
5 . 3 1 1  
5 . 3 3 8  
4 . 9 1 3  
5 . 0 1 5  
5 . 0 6 2  
5 . 0 7 0  
5 . 0 8 3  
5 . 1 0 5  
5 . 1 3 2  
5 . 1 4 0  
4 . 6 9 1  
4 . 7 4 5  
4 . 7 5 3  
4 . 7 59  
4 . 7 6 1  
4 . 7 6 6  
4 . 80 9  
4 . 8 3 7  
4 . 4 7 0  
4 . 4 7 9  
4 . 4 8 4  
4 . 4 8 4  
4 . 4 8 6  
4 . 4 9 1  
4 . 5 39  
4 . 5 5 5  
4 . 5 7 9  
4 . 2 1 6  
4 . 2 7 9  
4 . 3 1 2  
4 . 0 3 6  
4 . 0 3 6  
4 . 0 4 3  
3 . 7 8 1  
3 . 7 95  
3 . 8 0 2  

0 . 1 3 4 5  
0 . 1 7 7 8  
0 . 1 7 4 0  
0 . 2 1 3 5  
0 . 2 0 7 9  
0 . 2 3 3 2  
0 . 1 6 2 6  
0 . 1 9 8 0  
0 . 2 1 7 9  
0 . 2 0 7 4  
0 . 2 1 7 1  
0 . 2 2 8 5  
0 . 2 3 1 3  
0 . 2 3 2 2  
0 . 1 8 2 0  
0 . 2 0 6 3  
0 . 20 0 4  
0 . 20 9 8  
0 . 2 0 3 0  
0 . 2 1 2 0  
0 . 2 1 5 1  
0 . 2 2 1 8  
0 . 1 5 9 5  
0 . 1 8 4 5  
0 . 1 9 0 5  
0 . 1 9 5 1  
0 . 1 8 4 7  
0 . 1 9 1 8  
0 . 2 1 36 
0 . 2 0 8 2  
0 . 2 1 6 6  
0 . 1 6 2 3  
0 . 1 9 3 6  
0 . 2 0 4 4  
0 . 1 9 2 7  
0 . 1 9 3 4  
0 . 1 9 8 3  
0 . 1 6 4 5  
0 . 1 5 3 4  
0 . 16 9 0  

carbon dioxide 
XCOz 

0 . 0 7 7 4  
0 . 0 6 0 9  
0 . 0 5 9 9  
0 . 0 0 0 0  
0 . 0 2 4 9  
0 . 0 2 1 4  
0 . 0 6 5 9  
0 . 0 4 1 9  
0 . 0 2 7 8  
0 . 0 3 5 3  
0 . 0 2 7 9  
0 . 0 3 1 2  
0 . 0 0 1 7  
0 . 0 1 7 1  
0 . 0 3 9 8  
0 . 02 9 3  
0 . 0377  
0 . 0 3 2 2  
0 . 0 2 8 6  
0 . 0 3 1 7  
0 . 02 4 0  
0 . 0 1 7 2  
0 . 0 3 3 0  
0 . 0 2 5 0  
0 . 0 2 77 
0 . 0 2 9 1  
0 . 0 2 5 6  
0 . 0 2 9 4  
0 .-0 0 7 5  
0 . 0 1 87 
0 . 0 1 8 5  
0 . 0 2 4 4  
0 . 0 1 8 4  
0 . 0 2 0 4  
0 . 0 2 2 8  
0 . 0 2 4 5  
0 . 0 0 9 2  
0 . 0 0 5 9  
0 . 0 1 8 8  
0 . 0 2 0 3  
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444 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : 

1 .  Methane ; CH � ; [ 7 4-8 2-8 ] 
2 .  Carbon dioxide ; C02 ; [1 24-38 -9 ] 
3 .  Octane ; C 8 H 1 8 ;  [ 111-65-9 ] 

VARIABLES :  

ORIGINAL MEASUREMENTS : 

Hottovy , J . D . ; Kohn , J . P . ; 
Luks , K .  D .  
J .  Chern .  Engng . Data 

1982 , 2 ? ,  2 9 8-302 . 

PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : Data for octane-lean liquid phase . 
Molar 

T/K P/atm P/MPa Mole fractions volume 
xco 2 xC a H l B  /cm3mol-1 Type of data 

219 . 7 3 69 . 7  7 . 06 0 . 2 5 1  0 . 0146  6 7 . 5 
2 1 7 . 3 2 6 7 . 0  6 . 79 0 . 221  0 . 0094  7 3 . 1  
214 . 7 1 64 . 3  6 . 52 0 . 2 0 0  0 . 0075  74 . 9  
212 . 2 0 6 2 . 0  6 . 28 0 . 1 7 9  0 . 0 055  78 . 3  
21 1 . 0 3 6 0 . 9  6 . 17 0 . 16 3  0 . 0 0 4 0  8 2 . 7  
20 7 . 6 1 57 . 9  5 . 8 7 0 . 14 6  0 . 0044  79 . 9  
2 0 4 . 8 3 55 . 7  5 . 6 4 0 . 119 0 . 0 0 2 9  84 . 7  
204 . 0 4 5 5 . 0  5 . 57 0 . 107 0 . 0 0 3 9  8 9 . 8  
202 . 4 0 5 3 . 7  5 . 4 4 0 . 1 10 0 . 0 0 4 5  77 . 0  
202 . 2 7 53 . 2  5 . 3 9 0 . 114 0 . 0056  73 . 3  
2 0 2 . 16 52 . 6  5 . 3 3 0 . 12 3  0 . 0 070  6 9 . 4  
2 0 2 . 14 52 . 5  5 . 3 2 0 . 131 0 . 0 0 7 2  6 8 . 0  
201 . 98  51 . 5  5 . 2 2 0 . 14 6  0 . 0 0 9 7  64 . 3  
2 0 1 . 4 3 4 8 . 9  4 . 9 5 0 . 2 0 5  0 . 0223  56 . 8  
2 0 1 . 4 1 4 8 . 7  4 . 9 3 0 . 19 9  0 . 0 2 9 7  58 . 0  
2 0 1 . 3 8 4 8 . 0  4 . 8 6 0 . 2 2 7  0 . 0302  5 5 . 9  
2 0 1 . 08 4 7 . 1  4 .  77  0 . 2 5 3  0 . 0515  54 . 5  
213 . 54 61 . 5  6 . 22 0 . 2 9 8  0 . 0 8 0 0  5 8 . 1  
218 . 2 1 6 7 . 3  6 . 8 2 0 . 2 91 0 . 0704 5 8 . 2  
215 . 3 3 6 3 . 7  6 . 4 5  0 . 3 01 0 . 0 6 4 6  5 7 . 5  
211 . 7 3 59 . 2  6 . 00  0 . 2 9 0  0 . 0719 58 . 5  
210 . 1 4 5 7 . 5  5 . 8 3 0 . 28 9  0 . 07 5 0  57 . 0  

(cont . ) 

AUXI LIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Glass equilibrium cell . 
Temperature measured with platinum 
resistance thermometer and pres sure 
with Bourdon gauge . Stoichiometry 
and volumetric measurements were 
used to compute liquid phase 
compositions and molar volumes.  
Details in  re f .  1 and source .  

SOURCE AND PURITY O F  MATERIALS : 

1 .  Linde Ultrapure grade , purity 
99 . 9 7 mole per cent . 

2 . Matheson "Coleman Grade" , purity 
9 9 . 9 9 mole per cent . 

3 .  Humphrey-Wilkinson grade , purity 
99 mole per cent . 

ESTIMATED ERROR: 
oT/K = ±0 . 03 ;  oP/MPa = ± 0 . 07 ;  
oxC H = ±3 . 5% ;  oxC H = ± 2 %  3 B B 1 B 
(octane rich phase ) ;  ox = ± 8 %  
(octane lean phase ) . C e H l B  

REFERENCES : 

1 .  Kohn , J .  P .  
A m .  Ins t .  Chern . Engnrs . J.  

196 1 ,  ? ,  514 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ]  Hottovy , J .  D . ; Kohn , J .  P . ; 

2 .  Carbon dioxide ; C0 2 1  [ 12 4 -3 8-9 ]  Luks , K .  D .  

3 .  Octan e ;  C e H 1 e 1  [ 11 1 - 6 5-9 ]  J .  Chern. Eng . Data 

1 9 8 2 , 2 7 ,  2 9 8 - 3 0 2 .  

EXPERIMENTAL VALUES : Data for octane-lean liquid phase . 
Molar 

Type of data T/K P/atm P/MPa Mole fractions volume 
xco 2 XC e H 1 e  /cm 3mol- 1 

LCST (L 1 =L 2 -V)  2 0 6 . 9 7 5 3 . 5  5 . 4 2 0 . 27 8  0 .  0 7 1 2  5 6 . 1  
2 0 6 . 2 9 5 2 . 8  5 . 3 5 0 . 2 8 0  0 . 08 4 8  5 6 . 5  
2 0 5 . 6 9 5 1 . 9  5 . 26 0 . 2 7 5  0 . 0 8 3 3  5 6 . 3  
2 0 3 . 84 5 0 . 1  5 . 0 8 0 . 2 7 3  0 . 0 8 1 7  5 5 . 8  

L 1 -L 2 -V 216 . 0 0 6 5 . 5 6 . 6 4 0 . 23 7  0 . 0 1 3 3  6 6 . 3  
216 . 0 0 6 5 . 3  6 . 6 2 0 . 24 7  0 . 0 1 9 8  6 2 . 3  
214 . 00 6 3 . 2  6 . 4 0 0 . 2 3 4  0 . 01 5 7  6 4 . 1  
214 . 0 0 6 2 . 8  6 . 36 0 . 24 6  0 . 0 2 1 8  6 1 . 6  
214 . 0 0 6 2 . 5  6 . 3 3 0 . 2 5 6  0 . 0274  6 0 . 6  
2 1 2 . 0 0 6 0 . 8  6 . 16 0 . 2 30  0 . 0 1 7 3  6 2 . 3  
2 1 2 . 0 0 6 0 . 5  6 . 13 0 . 2 4 1  0 . 0 2 0 9  6 1 . 2  
2 1 2 . 0 0 6 0 . 1  6 . 0 9 0 . 2 5 5  0 . 0 2 9 3  6 0 . 9  
2 1 2 . 0 0 5 9 . 9  6 . 0 7 0 . 26 4  0 . 0 3 3 5  5 9 . 5  
2 1 0 . 0 0 58 . 7  5 . 9 5 0 . 2 2 8  0 . 0 1 8 3  6 1 . 0  
2 1 0 . 0 0 5 8 . 5  5 . 9 3 0 . 2 3 1  0 . 02 0 1  5 9 . 3  
2 1 0 . 0 0 5 7 . 5  5 . 8 3 0 . 25 9  0 . 03 5 5  5 9 . 0  
2 0 8 . 0 0 5 6 . 7  5 . 7 5  0 . 2 0 8  0 . 0 1 5 1  6 1 . 6  
2 0 8 . 0 0 5 6 . 1  5 . 6 8 0 . 2 2 3  0 . 01 9 9  5 9 . 6  
2 0 8 . 0 0 5 5 . 9 5 . 6 6 0 . 2 3 1  0 . 0 2 3 2  5 9 . 2  
2 0 8 . 00 5 5 . 4  5 . 6 1  0 . 24 4  0 . 0 2 9 4  5 7 . 8  
2 0 8 . 0 0 5 5 . 3  5 . 6 0 0 . 24 9  0 . 0 3 0 9  5 7 . 6  
2 0 8 . 0 0 5 5 . 2  5 . 5 9 0 . 2 5 9  0 . 03 6 3  5 6 . 5  
2 0 8 . 0 0 54 . 9  5 . 5 6 0 . 2 7 2  0 . 0 5 1 7  5 6 . 0  
2 0 6 . 0 0 5 5 . 9  5 . 6 6 0 . 15 4  0 . 0 0 9 3  6 9 . 3  
2 0 6 . 0 0 54 . 5  5 . 52 0 . 2 0 5  0 . 0 1 6 7  6 0 . 2  
2 0 6 . 0 0 54 . 2  5 . 4 9  0 . 2 1 2  0 . 0 1 8 2  5 9 . 4  
2 0 6 . 0 0 5 3 . 6  5 . 4 3  0 . 22 6  0 . 02 3 9  5 7 . 9  
2 0 6 . 0 0 5 3 . 4  5 . 4 1  0 . 2 3 4  0 . 0 2 6 5  5 7 . 5  
2 0 6 . 0 0 5 2 . 8  5 . 3 5 0 . 2 5 2  0 . 0 3 74 5 6 . 7  
2 0 6 . 0 0 5 2 . 7  5 . 34 0 . 26 1  0 . 0 3 9 9  5 5 . 3  
2 0 4 . 0 0 5 4 . 9  5 . 56 0 . 11 5  0 . 0 0 3 7  8 1 . 7  
2 0 4 . 0 0 5 4 . 6  5 . 5 3 0 . 130  0 . 0 0 6 3  7 5 . 4  
2 0 4 . 0 0 54 . 5  5 . 52 0 . 134  0 . 0 0 6 2  7 1 . 6  
2 0 4 . 00 5 4 . 2  5 . 4 9 0 . 14 2  0 . 0 0 8 0  6 9 . 6  
2 0 4 . 0 0 5 3 . 3  5 . 4 0  0 . 16 0  o .  0 1 1 1  6 5 . 2  
2 0 4 . 0 0 5 2 . 0  5 . 27 0 . 2 0 3  0 . 0 1 8 5  5 8 . 8  
2 0 4 . 0 0 5 1 . 6  5 . 2 3 0 . 214  0 . 0 2 14 5 7 . 7  
2 0 4 . 0 0 5 1 . 4  5 . 2 1 0 . 2 1 6  0 . 0 2 3 1  5 7 . 4  
2 0 4 . 0 0 5 1 . 2  5 . 19 0 . 2 24 0 . 0 2 5 3  5 7 . 0  
2 0 4 . 0 0 51 . 0  5 . 17 0 . 2 3 5  0 . 0 3 0 7  5 6 . 3  
2 0 4 . 0 0 5 0 . 6  5 . 13 0 . 25 1  0 . 0 3 9 5  5 5 . 1  
2 0 4 . 0 0 5 0 . 4  5 . 11 0 . 2 5 5  0 . 0 4 4 5  5 5 . 8  
2 0 4 . 0 0 5 0 . 2  5 . 0 9 0 . 26 5  0 . 0 5 5 5  54 . 9  
2 0 2 . 0 0 5 1 . 6  5 . 23 0 . 14 5  0 . 0 0 9 9  6 5 . 0  
2 0 2 . 00 4 9 . 6  5 . 0 3 0 . 20 5  0 . 0 2 1 2  5 7 . 2  
2 0 2 . 00 4 9 . 3  5 . 0 0 0 . 2 12 0 . 0 2 3 9  5 6 . 4  
2 0 2 . 0 0 4 8 . 8  4 . 9 4 0 . 22 6  0 . 0 3 0 1  56 . 3  
2 0 2 . 0 0 4 8 . 1  4 . 8 7 0 . 2 5 3  0 .  0 4  7 2  5 4 . 7  
202 . 0 0 4 7 . 9  4 . 8 5 0 . 2 5 5  0 . 0 5 2 1  5 5 . 0  

(cont . )  



446 Alkanes: Methane and Another Gas as Solutes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane 1 CH4 1 [ 7 4-8 2-8 ) Hottovy , J .  D o � Kohn , J .  
2 .  Carbon dioxide 1 C0 2 1  [ 124-38 - 9 )  Luks , K .  D .  
3 .  Octane 1 C e H 1 e 1 [ 111-65-9 )  J.  Chern , Eng . Data 

19 8 2 ,  2 7 ,  298-302 . 

EXPERIMENTAL VALUES : 
Data for octane-rich 

Type of data T/K P/ atm P/MPa 

K ( L1-L2=V) 2 2 0 . 7 8 7 0 . 7  7 . 16 
220 . 08 7 0 . 7  7 . 16 
218 . 9 9 6 8 . 8  6 . 9 7 
218 . 2 8 6 7 . 9  6 . 8 8 
217 . 4 3 67 . 2  6 . 8 1 
216 . 9 7 66 . 6  6 . 7 5 
212 . 9 3  6 2 . 7  6 . 3 5 
2 0 7 . 18 5 7 . 6  5 . 8 4 
203 . 01 54 . 3  5 . 5 0 

Q ( S-L l -L 2 -V) 2 0 2 . 32 5 3 . 3  5 . 4 0 
20 1 . 8 9 51 . 2  5 . 19 
201 . 8 7 5 0 . 9  5 . 16 
2 01 . 8 2 50 . 3  5 . 10 
2 0 1 . 4 5  4 8 . 4  4 . 9 0 
2 0 1 .  36  4 7 . 9  4 . 8 5 
201 . 2 3 4 7 . 5  4 . 8 1 

L 1 -L 2 -V 216 . 0 0 6 5 . 2  6 . 6 1 
216 . 0 0 6 5 . 0  6 . 5 9 
216 . 0 0 64 . 7  6 . 5 6 
214 . 0 0 6 2 . 5  6 . 3 3 
214 . 0 0 6 2 . 2  6 . 3 0 
214 . 0 0 6 2 . 1  6 . 2 9 
212 . 00 61 . 3  6 . 21 
212 . 0 0 6 0 . 9  6 . 17 
212 . 0 0 6 0 . 1  6 . 0 9  
212 . 00 59 . 7  6 . 0 5  
212 . 0 0 5 9 . 7  6 . 05 
210 . 00 5 8 . 5  5 . 9 3  
210 . 0 0 5 8 . 1  5 . 8 9 
210 . 0 0 5 8 . 0  5 . 8 8 
210 . 0 0 57 . 4  5 . 8 2 
2 0 8 . 0 0 57 . 0  5 . 7 8 
208 . 0 0 5 5 . 9  5 . 6 6 
2 0 8 . 0 0 5 5 . 4  5 . 6 1 
2 0 8 . 0 0 5 5 . 5  5 . 6 2  
206 . 0 0 5 5 . 9  5 . 6 6 
20 6 . 0 0 5 5 . 2 5 . 5 9 
206 . 00 54 . 3  5 . 50 
206 . 0 0 5 3 . 5  5 . 4 2 
206 . 0 0 53 . 0  5 . 37 
2 0 6 . 00 52 . 9  5 . 3 6 
204 . 0 0 5 3 . 7  5 . 4 4 
204 . 0 0 5 3 . 6  5 . 4 3 
2 0 4 . 00 5 3 . 2  5 . 39 
2 0 4 . 0 0 5 0 . 5  5 . 12 
202 . 0 0 51 . 3  5 . 2 0 
303 . 0 0 51 . 0  5 . 17 
2 0 2 . 0 0 5 0 . 5  5 . 12 
2 0 2 . 0 0 4 9 . 1  4 . 9 8 
2 0 2 . 00 4 8 . 4  4 . 9 0 

liquid phase . 

Mole 
X C0 2 

0 . 322  
0 . 3 2 3  
0 . 316 
0 . 312 
0 . 2 09  
0 . 3 0 2  
0 . 2 6 8  
0 . 20 8  
0 . 1 5 8  
0 . 15 6  
0 . 18 3  
0 . 19 2  
0 . 2 0 2  
0 . 2 39  
0 . 254  
0 . 2 4 6  
0 . 28 9  
0 . 2 97  
0 . 3 06 
0 . 2 92  
0 . 2 97  
0 . 3 0 2  
0 . 2 6 0  
0 . 2 6 8  
0 . 2 97  
0 . 2 8 8  
0 . 2 9 2  
0 . 2 59  
0 . 26 7  
0 . 27 0  
0 . 2 8 6  
0 . 24 0  
0 . 2 6 3  
0 . 2 7 2  
0 . 2 6 7  
0 . 2 02 
0 . 214 
0 . 2 3 7  
0 . 255 
0 . 264  
0 . 2 71 
0 . 1 9 2  
0 . 2 3 7  
0 . 2 00 
0 . 2 6 3  
0 . 18 3  
0 . 191 
0 . 1 98  
0 . 2 36 
0 . 26 3  

fractions 
XC e H 1 e 

0 .  0 7 18 
0 . 0 8 2 8  
0 . 0 9 8 7  
0 . 1104 
0 . 1199  
0 . 12 6 9  
0 . 17 7 7  
0 . 2410  
0 . 2 8 2 3  
0 . 2 8 4 6  
0 . 2528  
0 . 24 2 3  
0 . 2 3 0 3  
0 . 18 3 0  
0 . 1717 
0 . 14 7 3  
0 . 1213 
0 . 1087  
0 . 0 8 8 3  
0 . 11 8 5  
0 . 1006  
0 . 08 9 4  
0 . 17 2 9  
0 . 1619 
0 . 1 198 
0 . 10 9 4  
0 . 09 9  
0 . 16 6  
0 . 1 5 7  
0 . 15 0  
0 . 1 0 9  
0 . 19 7  
0 . 16 3  
0 . 14 4  
0 . 151 
0 . 2 39  
0 . 2 2 5  
0 . 19 3  
0 . 17 1  
0 . 14 4  
0 . 1 36 
0 . 2 4 7  
0 . 18 8  
0 . 2 36 
0 . 137 
0 . 2 5 2  
0 . 24 4  
0 . 2 3 3  
0 . 18 4  
0 . 15 5  

p . I 

Molar 
volume 

/cm 3mol- 1  

58 . 5  
59 . 0  
59 . 5  
61 . 0  
61 . 0  
61 . 0  
6 5 . 2  
6 9 . 8  
72 . 7  
73 . 4  
69 . 9  
6 8 . 6  
6 7 . 0  
6 2 . 9  
61 . 6  
6 0 . 0  
59 . 8  
59 . 1  
58 . 3  
59 . 7  
58 . 9  
57 . 8  
6 3 . 6  
63 . 7  
5 8 . 6  
59 . 7  
5 7 . 7  
6 3 . 2  
6 3 . 1  
61 . 6  
58 . 4  
6 5 . 2  
6 2 . 1  
6 0 . 6  
61 . 8  
69 . 4  
68 . 7  
6 5 . 0  
6 2 . 5  
6 0 . 4  
5 9 . 6  
6 9 . 5  
6 3 . 9  
6 8 . 6  
59 . 7  
69 . 9  
6 9 . 2  
6 8 . 2  
6 3 . 6  
6 0 . 8  



Alkanes: Methane and Another Gas as Solutes 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2- 8 ]  Saxena , A .  c . ; Robinson , D .  B .  
2 .  Hydrogen sulfide ; H 2 S ; Can .  J .  Chern . Engng . [ 7 7 8 3-06-4 ]  
3 .  Butane ; C 4 H 1 o i  [ 10 6-9 7-8 ]  1 9 6 9 , 4 '1 , 6 9-7 5 . 

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 
Mole fraction 

T/K P/MPa in l iquid in vapor 

( TjOF)  (P/psia)  XCH4 XH 2 S  

3 1 0 . 9 3  2 . 7 5 8  0 . 12 2 0  -
( 10 0 )  ( 4 0 0 )  0 . 0 0 1 0  0 . 9 9 9 0  

0 . 07 3 8  0 . 5 2 1 2  
0 . 0 6 9 0  0 . 6 3 0 7  
0 . 1 1 8 9  0 . 1 4 1 1  
0 . 07 4 5  0 . 57 2 6  
0 . 0 3 9 2  0 . 7 8 0 8  

- -
- -

0 . 1 2 3 6  0 . 0 8 8 5  
0 . 10 8 6  0 . 26 9 2  
0 . 14 0 1  0 . 1 0 5 5  

5 . 5 1 6  0 . 2 5 4 0  -
( B OO ) 0 . 0 5 1 0  0 . 9 4 9 0  

0 . 10 5 3  0 . 7 4 1 3  
0 . 1 2 4 7  0 . 6 3 9 2  

- -
0 . 2 1 5 5  0 . 2 5 4 5  
0 . 18 6 7  0 . 4 0 7 3  
0 . 2 5 0 3  0 . 15 6 9  
0 . 24 4 2  0 . 1 1 8 4  
0 . 2 0 9 3  0 . 35 8 4  

AUXILIARY 

METHOD/APPARATUS/PROCEDURE : 

Variable volume cell with sample 
conf ined between two moveable 

pistons . Volume varied by mercury 

inj ection . Details of design 
given in sourc e .  Cell f i tted with 
windows . Samples of gas and 

l iquid analysed by gas chromato

graphy . Temperature measured 
with iron-constantan thermocouple . 
Pressure measured with Bourdon 

gauge . 

xC 4 H 1 o  Y cH4 YH 2 S  Yc 4 H 1  o 

0 . 87 8 0  0 . 82 4 0  - 0 . 1 7 6 0  
- 0 . 0 1 2 0  0 . 98 8  -

0 . 4 0 5 0  0 . 3 9 9 2  0 . 4 9 0 7  0 . 1 1 0 1  
0 . 3 0 0 3  0 . 3 5 2 3  0 . 54 7 9  0 . 0 9 9 8  
0 . 7 4 0 0  - - -
0 . 3 5 2 9  - - -

0 . 18 0 0  0 . 2 1 4 1  o. 7 2 8 0  0 . 0 5 7 9  
- 0 . 4 9 4 0  0 . 3 8 0 9  0 . 12 5 1  
- 0 . 6 7 5 1  0 . 14 8 7  0 . 1 7 6 2  

0 . 7 8 7 8  0 . 74 6 5  0 . 0 8 4 0  0 . 16 9 5  
0 . 6 2 2 2  0 . 5 9 5 5  0 . 25 4 3  0 . 1 5 0 2  
0 . 7 5 4 4  - - -

0 . 7 4 6 0  0 .  8 7 7 0  - 0 . 12 3 0  
- 0 . 4 0 5 0  0 . 59 5 0  -

0 . 1 5 3 4  - - -

0 . 23 6 1  - - -

- 0 . 57 0 0  0 . 34 0 0  0 . 0 9 0 0  
0 . 5 3 0 0  - - -
0 . 4 0 6 0  0 . 6 0 6 1  0 . 3 0 1 6  0 . 0 9 2 3  
0 . 5 9 2 8  0 . 7 2 4 0  0 . 1 5 3 0  0 . 12 3 0  
0 . 6 3 7 4  0 . 7 9 2 6  0 . 0 8 7 7  0 . 11 9 6  
0 . 4 32 3  0 . 6 3 0 9  0 . 2 6 5 5  0 . 10 3 5  

( cont . ) 

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity varied 
between 9 9 . 3  and 9 9 . 7  per cent 
as determined by gas chromato
graphy . 

2 .  Matheson C . P .  grade , purity 
9 9 . 5  mole per cent . 

3 .  Matheson instrument grade , 
purity 9 9 . 5  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 3 ;  oP/MPa = ± 0 . 0 0 3  up 
to 6 MPa ,  ± 0 . 02 above 6 MPa ;  
ox , o y  = ± 1 % . 

REFERENCES : 

447 



448 Alkanes: Methane and Another Gas as Sol utes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH" l [ 74-82-8 ] Saxena , A .  C . ; Robinson , D .  B .  
2 .  Hydrogen sulfide ; H2 S 1  Can .  J .  Chem . Engng . 

[ 7 7 8 3-06-4 ]  1 9 6 9 , 4 7 ,  69-7 5 .  
3 .  Butane ; C " H 1 o 1  [ 106-97-8 ] 

EXPERIMENTAL VALUES : 
Mole fraction 

T/K P/MPa in liquid in vapor 
(TjDF )  (P/psia) .xcH .. .xH2 S .xc .. H l  o YcH .. YH z S Yc .. H l  o 

310 . 9 3 8 . 27 0 . 3 810 - 0 . 6 1 9 0  0 . 8 8 0 0  - 0 . 1200  
( 1 0 0 )  ( 1 2 0 0 )  0 . 1100  0 . 8 9 0 0  - 0 . 5 0 8 0  0 . 4 9 1 0  -

0 .  34  7 1  0 . 2 5 9 9  0 . 3 9 3 0  0 . 7 0 8 4  0 . 1 8 3 4  0 . 10 8 2  
0 . 3022  0 . 3 8 8 7  0 . 3 0 9 1  0 . 6 4 5 0  0 . 25 5 0  0 . 10 0 0  
0 . 1909  0 .  7136  0 . 0 9 5 5  0 . 5160  0 . 4 5 5 9  0 . 0 2 8 1  
0 . 2 0 6 8  0 . 6 8 2 6  0 . 1106 - - -
0 . 2 810 0 . 4 7 8 0  0 . 24 0 1  0 . 5 7 2 0  0 . 3508  0 .  0772  
0 . 22 9 0  0 . 6 2 0 3  0 . 15 0 2  - - -
0 . 3 810 0 . 14 6 3  0 .  4 7 2 7  0 . 7 6 4 0  0 . 1170  0 . 11 9 1  

277 . 5 9 2 . 75 8  0 . 1977  - 0 . 8 0 2 3  0 . 9 2 7 8  - 0 .  0722  
( 4 0 )  ( 4 0 0 )  0 . 0 350 0 . 9650  - 0 .  5130  0 . 4 8 7 0  -

0 . 12 8 6  0 . 4574  0 . 4 1 4 0  0 . 5979  0 . 3 0 4 9  0 .  0 9 7 2  
0 . 16 6 3  0 . 3153 0 . 5 1 8 4  0 . 6932  0 . 2 0 8 7  0 . 09 8 2  
0 . 16 8 5  0 . 1 9 0 0  0 . 6 4 15 0 . 7 4 6 1  0 . 14 3 6  0 . 1103  
0 . 1131 0 . 6153  0 .  2 7 16 0 . 5620  0 . 36 7 8  0 . 07 0 2  
0 . 16 8 8  0 .  2 7 17 0 . 5 5 9 6  0 . 6 9 6 2  0 . 18 8 7  0 . 1151  
0 . 1726  0 . 2 653 0 . 5621  - - -

5 . 516 0 . 4070  - 0 . 5 9 3 0  0 . 9 5 6 0  - 0 . 04 4 0  
( 8 0 0 )  0 . 0 9 0 0  0 . 9100  - 0 . 6 9 0 0  0 . 3100  -

0 . 3002  0 . 3 8 2 6  0 . 3172  0 . 7610  0 . 18 6 1  0 . 0 5 2 9  
- - - 0 . 72 6 0  0 . 2 2 4 0  0 . 05 0 0  

0 . 2694  0 . 4 7 8 1  0 . 2525  0 .  7168  0 . 2 3 2 1  0 .  0511  
0 . 2576  0 . 4 8 4 9  0 . 2576  - - -
0 . 3 4 4 9  0 . 2 4 6 0  0 . 4 0 9 2  0 . 8 7 0 8  0 . 0 9 3 0  0 . 03 6 2  
0 . 3549  0 . 2368  0 . 4 0 8 3  0 . 8 5 5 8  0 . 0 9 3 3  0 . 0 5 0 9  
0 . 3 6 8 8  0 . 1639  0 . 4 6 7 3  0 . 8 8 7 0  0 . 0 6 8 3  0 . 0 4 4 7  
0 . 3790  0 . 1 8 7 8  0 . 4 3 3 2  0 . 8 9 8 6  0 . 0 6 3 5  0 . 0 3 7 9  
0 . 37 5 6  0 . 1616 0 . 4 6 2 9  - - -
0 . 38 4 5  0 . 1402  0 . 4 7 5 3  0 . 9 0 1 5  0 . 05 4 3  0 . 04 4 2  

8 . 27 0 . 5670  - 0 . 4 33 0  0 . 9 4 9 6  - 0 . 0504  
( 1 2 0 0 )  0 . 16 2 0  0 . 8 3 8 0  - 0 .  7 2 7 0  0 . 2 7 3 0  -

0 . 4 3 5 0  0 . 3 5 8 8  0 . 2062  0 . 7555  0 . 1 7 9 3  0 . 0 4 5 2  
0 . 5145  0 . 1797  0 . 30 5 8  0 . 8706  0 . 0 7 4 7  0 . 0547  
0 . 5210  0 . 16 3 4  0 . 3156  0 . 8 8 1 0  0 . 06 3 8  0 . 0550  
0 . 5 4 7 9  0 . 14 8 2  0 . 3 0 3 9  0 . 9074  0 . 0526  0 . 0 4 0 0  

- - - 0 .  9110  0 . 0 4 12 0 . 0 4 7 7  
0 . 5 4 0 6  0 . 1419  0 . 3175  0 . 9 2 17 0 . 0 4 5 5  0 . 0328  

244 . 2 6 2 . 75 8  0 . 2935  - 0 . 7 0 6 5  0 . 9566  - 0 . 04 3 4  
( - 2 0 )  ( 4 0 0 )  0 . 0 5 3 5  0 . 9465  - 0 . 7 9 7 0  0 . 2 0 3 0  -

0 . 2305  0 . 3202  0 . 44 9 3 0 . 8 8 08 0 . 0 9 5 9  0 . 0233  
0 . 2 5 9 2  0 . 1 8 1 4  0 . 55 9 4  0 . 9 0 9 0  0 . 06 2 0  0 . 0 2 9 0  
0 . 1 9 2 5  0 . 4 6 3 5  0 . 3 4 4 0  0 . 8 4 9 0  0 . 12 5 5  0 . 0255  
0 . 15 8 9  0 .  5 6 7 7  0 . 2 7 3 3  0 . 8 3 6 5  0 . 1404  0 . 0232  
0 . 2 2 9 7  0 . 3186  0 . 4 516 0 . 8 8 7 9  0 . 0 8 5 3  0 . 0 2 6 8  

5 . 516 0 . 4 9 9 1  - 0 . 5 0 0 9  0 . 9 7 8 3  - 0 . 0217  
( 8 0 0 )  0 . 1371  0 . 8 6 2 9  - 0 . 8 7 8 6  0 . 12 1 4  -

0 . 4 6 7 3  0 . 1512 0 . 3 8 15 0 . 9 3 9 2  0 . 03 9 0  0 . 0218  
0 . 4 7 4 0  0 . 14 6 4  0 . 3796  0 . 9 3 6 7  0 . 0325  0 . 0308  
0 . 4 215 0 . 3150  0 . 26 3 5  0 . 9 0 7 0  0 .  0777  0 . 0153 
0 . 3623  0 . 4 7 3 9  0 . 16 3 8  0 . 8 8 8 8  0 . 0 9 6 3  0 . 0149  
0 . 3816 0 . 4 19 9  0 . 19 8 5  0 . 8 9 6 8  0 . 0 8 9 6  0 . 0135  

(cont . )  



Alkanes: Methane and Another Gas as Solutes 449 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane ; cH .. ; [ 7 4-82-8 ] Saxena , A.  C . ; Robinson , D .  B .  

2 .  Hydrogen sulfide ; H 2 S 1  Can .  J .  Chern . Engng . 
[ 77 8 3- 0 6 - 4 ]  

196 9 ,  4 '1 , 6 9 -7 5 .  
3 .  Butane ; c .. H 1 o ; [ 10 6 - 9 7 - 8 ]  

EXPERIMENTAL VALUES :  

Mole fraction 
T/K P/MPa in liquid in vapor 

(Tj DF )  ( P/psia) a:CH �t a;H 2 S xC �tH l o YcH " YH 2 S Yc .. H l o  

2 4 4 . 26 8 . 27 0 . 7 0 7 8  - 0 . 2 9 2 2  0 .  9 7 2 1  - 0 . 0 2 7 9  
( - 2 0 )  ( 1 2 0 0 )  o. 2 1 1 0  0 . 7 8 9 0  - 0 . 8 5 8 0  0 . 14 2 0  -

0 . 6 0 2 9  0 . 24 9 4  0 . 1 4 7 6  - - -
0 . 6 1 4 6  0 . 2 2 3 2  0 . 1 6 2 2  0 . 9 0 1 9  0 . 0 7 4 9  0 . 0 2 3 2  
0 . 55 8 0  0 . 32 3 2  0 . 1 1 8 8  0 . 8 914  0 . 0 9 4 4  0 . 0 1 4 2  



450 Cycloal kanes 

COHPONENTS : EVALUATOR: 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Cycloalkanes 
Cyclohexane 
Methylcyclohexane 
Dimethylcyclohexanes 
Cyclooctane Bicyclohexyl 

CRITI CAL EVALUATION : 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 30322  USA 

1 9 8 4 , January 

The Solubility of Methane in Cycloalkanes at Partial 

Pressures up to 200  kPa (aa.  2 atm) . 

Values of the solubility of methane in cycloalkanes are reported in 
seven papers by various volumetric methods used at a total pressure of 
about one atmosphere . With the exception of the methane + cyclohexane 
system ,  there are not enough measurements on any one system to recommend 
solubility values . Most of the data are clas sed as tentative . 

Methane + Cyclohexane ; c6H12 ; [ 11 0-8 2-7 ] 

Guerry (ref . 1 ) , Lannung and Gjaldbaek (re f .  2 ) , and Ben-Naim and 
Yaacobi (ref . 3 )  report solubi lity data on the system . Guerry ' s  data are 
about 15 percent smaller than the data of the others and his data are 
classed as doubtful . The smoothed data of Lannung and Gjaldbaek and of 
Ben-Naim and Yaacobi agree within 0 . 3 0 percent between 2 8 8  and 303 K .  

The combined sets of data were fi tted by the method o f  least squares 
to obtain the equation 

ln x 1 = - 6 . 7 4 5 4 5  + 3 . 06 8 26/ ( T/100 K )  

with a standard error about the regression line o f  2 . 0  x 10- 5 • The 
temperature independent thermodynamic changes from the equation are 

�H1/kJ mol- 1  = - 2 . 5 5  and 

The smoothed solubility data and partial molal Gibbs energy of solution 
are in Table 1 .  

Table 1 .  Solubility o f  methane i n  cyclohexane . Recommended mole fraction 
solubility at 101 . 3 2 5  kPa (1 atm) partial pressure of methane 
and the partial molal Gibbs energy of solution as a function 
of temperature .  

T/K 

2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

30 3 . 15 
313 . 15 

Mol Fraction 

3 . 4 7  
3 . 35 

3 . 2 9 

3 . 24 
3 . 13 

Methane + Methylcyclohexane ; c2H14 ; [ 108-87-2 ] 

13 . 3 29  
13 . 8 90  

14 . 170 

14 . 4 5 1  
1 5 . 012 

Only Field , Wilhelm and Battino (ref . 4 )  report solubility data on 
this system. These solubil ity values at three temperatures were treated 
by a linear regression to obtain the equation 

ln x 1 = - 7 . 5 4 9 9 4  + 6 . 0 14 2 8/ (T/10 0  K)  

with a standard error about the regression line of 2 . 6  x 10-6 • 



Cycloalkanes 

The temperature independent thermodynamic changes from the equation 
are 

and 

The smoothed solubility and partial molal Gibbs energy of solution 
values are in Table 2 .  

Table 2 .  Solubility of methane in methylcyclohexane . Tentative values 
of the mole fraction solubility at 1 01 . 32 5  kPa (1 atm) methane 
partial pressure and partial molal Gibbs energy of solution as 
a function of temperature . 

T/K 

2 8 3 . 15 
2 9 3 . 15 

2 98 . 15 

3 0 3 . 15 
313 . 15 

Mol Fraction 

4 . 4 0  
4 . 0 9 

3 . 9 6 

3 . 83 
3 . 5 9 

1 2 . 7 7 4  
1 3 . 4 0 1  

1 3 . 715  

14 . 0 2 9  
1 4 . 6 5 7  

Methane + trans -1 , 2-Dimethylcyclohexane ; c8H1 6 ; [ 6 8 7 6- 2 3 - 9 ]  

Methane + cis-1 , 2-Dimethylcyclohexane ; c8H16 ; [ 22 0 7 - 0 1- 4 ]  

Hethane + trans - 1 , 3-Dimethylcyclohexane ; c 8H16 ; [ 22 07 - 0 3- 6 ]  

+ cis-1 , 3-Dimethylcyclohexane ; c8a16 ; [ 6 3 8- 0 4- 0 ]  

Methane + trans-1 , 4-Dimethylcyclohexane ; c8a1 6 ; [ 22 0 7- 0 4 - 7 ]  

+ cis-1 , 4-Dimethylcyclohexane ; c8a16 ; [ 6 2 4 - 2 4 - 3 ] 
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The solubility data on the four systems were reported by Geller , 
Battino , and Wilhelm (ref . 5 ) . Measurements were reported for only two 
temperatures , thus the partial molal enthalpy and entropy of solution are 
possibly less reliable than for systems with measurements at additional 
temperatures . The values of the thermodynamic changes on solution are 

Thermo trans-1 , 2-DMC cis-1 , 2-DMC trans-1 , 3-DMC/ trans-1 , 4-DMC/ 

changes cis -1 , 3-DMC cis-1 , 4-DMC 

4 1/ 5 9  mol %  30/70 mol %  

t.li]/kJ mol- 1 -4 . 11 - 4 . 54 - 4 . 50 - 5 . 8 6 

t.S0/J K- 1  mol- 1 1 - 5 9 . 1  - 6 1 . 2  - 60 . 5  - 64 . 9  

The data on each system were fitted by a linear regression to a two 
constant equation 

ln x 1 = Al + A2/ ( T/100 K)  

Values for A1 and A2 for each system are given below. 



452 Cycloalkanes 

COHPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Cycloalkanes 
Cyclohexane 
Methylcyclohexane 
Dimethylcyclohexanes 
Cyclooctane Bicyclohexyl 

CRITICAL EVALUATION : 

EVALUATOR: 
H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 3 0 3 2 2  

1 9 8 4 , January 

Constants trans-1 , 2-DMC ais-1 , 2-DMC trans -1 , 3-DMC/ 

ais-1 , 3-DMC 

4 1/59 mol %  

- 7 . 11257  - 7 . 3 6 3 0 0  -7 . 2 7 2 4 4  

4 . 9 4 415 5 . 4 5 917 5 . 41233  

Smoothed values of the solubility are in Table 3 .  

USA 

trans-1 , 4-DMC/ 

ais-1 , 4 -DMC 

3 0/70  mol%  

- 7 . 81023  

7 . 0 4 8 3 1  

Table 3 .  Solubility of methane in dimethylcyclohexanes . Tentative values 
of the mole fraction solubility at 1 0 1 . 3 25 kPa (1 atm) partial 
methane pressure as a function of temperature . 

methane Mol Fraction , 10 3x 1 
T/K trans -1 , 2-DMC ais-1 , 2-DMC trans - 1 , 3-DMC/ trans-1 , 4-DMC/ 

ais-1 , 3-DMC ais-1 , 4-DMC 
4 1/ 5 9  mol%  3 0/70 mol %  

2 9 8 . 15 4 . 2 8 3 . 9 6 4 . 2 7 4 . 3 1 

3 0 3 . 15 4 . 16 3 . 8 4 4 . 14 4 . 15 
3 13 . 15 3 . 95 3 . 6 3 3 . 91 3 . 85 

Methane + Cyclooctane ; c8H16 ; [ 296-64- 8 ]  

Wilcock , Battino and Wilhelm (ref.  6 )  report the solubility o f  methane 
in cyclooctane at three temperatures between 2 88 . 89 and 313 . 4 5 K .  A linear 
regression of the data gives the equation 

ln x1 = -7 . 4 33 2 5  + 4 . 6 8 3 4 5/ (T/1 00 K)  

with a standard error about the regression line of  9 . 8  x lo- s .  

The temperature independent thermodynamic changes on solution from 
the equation are 

Affi/kJ mol- 1 = -3 . 8 9 and 

Smoothed values of the solubility and partial molal Gibbs energy of solu
tion are in Table 4 .  
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Table 4 .  Solubility of methane in cyclooctane . Tentative values o f  the 
mole fraction solubility at 1 0 1 . 32 5  kPa ( 1  atm) partial methane 
pressure and partial molal Gibbs energy of solution as a func
tion of temperature . 

T/K 

2 93 . 15 

2 9 8 . 15 

303 . 15 
313 . 15 

Mol Fraction 

2 . 92 

2 . 8 4 

2 .  77  
2 . 6 4 

Methane + Bicyclohexyl ; c1 2H2 2 ; [ 9 2- 5 1- 3 ]  

b.G]/kJ mol- 1 

14 . 22 3  

14 . 5 3 2  

14 . 84 1  
1 5 . 4 5 9  

Cukor and Prausnitz (ref . 7 )  report eight values o f  the solubility of 
methane in bicyclohexyl at 2 5  degrees intervals between 300 and 4 7 5  K .  
The Henry ' s  constants reported by the authors have been converted to mole 
fraction values at 1 01 . 3 2 5  kPa (1 atm) methane partial pressure and fitted 
by a linear regression to obtain the equation 

ln x1 = - 2 0 . 7 6 1 5 0  + 2 5 . 2 0 5 6 6/ ( T/100 K) + 6 . 0 7 6 4 1  ln ( T/10 0 K )  

with a standard error about the regression line of 3 . 9  x 1 0- 5 • The three 
constant equation gives thermodynamic changes in enthalpy and entropy that 
change with temperature . Values at several temperatures are below : 

T/K 

2 9 8 . 15 

323 . 15 
3 7 3 . 15 
4 23 . 15 
4 7 3 . 15 

-5 . 8 9 

-4 . 6 3 
-2 . 10 
+0 . 42 
+2 . 9 5 

- 6 6 . 9  

- 6 2 . 8  
- 5 5 . 6  
- 4 9 . 2  
- 4 3 . 6  

5 0 . 5  

5 0 . 5  
5 0 . 5  
5 0 . 5  
5 0 . 5  

Smoothed values of the solubility and partial molal Gibbs energy are in 
Table 5 .  The minimum solubility occurs at 4 1 5  K .  

Table 5 .  Solubility of methane i n  bicyclohexyl . 
mole fraction solubility at 1 0 1 . 3 2 5  kPa 
pressure and partial molal Gibbs energy 
tion of temperature . 

T/K 

2 9 8 . 15 

3 0 3 . 15 
3 13 . 15 
3 2 3 . 15 

3 73 . 15 
4 2 3 . 15 
4 73 . 15 

Mol Fraction 

3 . 4 5  

3 . 32 
3 . 10 
2 . 9 3  

2 . 4 7  
2 . 3 8 
2 . 50 

Tentative values o f  the 
( 1  atm) methane partial 

of solution as a func-

b.GJ/kJ mol- 1  

1 4 . 0 5 4  

14 . 3 8 7  
15 . 0 3 9  
1 5 . 6 7 5  

1 8 . 6 3 1  
2 1 . 24 7  
2 3 . 5 6 5  



454 Cycloalkanes 

References 

1 .  Guerry , D .  Jr . Ph . D .  thesis , 19 4 4 ,  Vanderbilt University , 
Nashville , TN . 

----

2 .  Lannung , A. ; Gj aldbaek , J .  c .  A a ta Chem . Saand, l 9 6 0 , 1 4 ,  

3 .  Ben-Naim, A . : Yaacobi , M .  J .  Phy s .  Ch em. 19 7 4 ,  1 4 ' 112 4 . 

4 .  Field , L .  R . : Wilhelm, E . ; Battino , R .  J.  Chem . Thermody n .  
6 ,  237 . 

112 4 . 

19 7 4 ,  

5 .  Geller , E .  B . ; Battino , R . ; Wilhelm, E .  J .  Chem . Thermodyn .  �' 
B ,  19 7 .  

6 .  Wilcock , R .  J . ; Battino , R . ; Wi lhelm , E .  J .  Chem . Thermody n .  19 77 , 
9 '  111 . 

7 .  Cukor , P .  M . ; Prausnitz , J .  M .  J.  Phy s . Chem. 19 7 2 ,  ? 6 ,  5 9 8 . 



Cycloalkanes 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  Lannung , A . ; Gj aldbaek, J .  c .  

( 2 )  Cyclohexane ; c6H1 2 ; [ 1 1 0 - 8 2 - 7 ]  Aata Chern.  Saand.  1 9 6 0 ,  1 4 ,  
112 4 - 112 8 . 

VARIABLES : 
T/K = 2 91 . 15 - 3 1 0 . 15 

p 1 /kPa = 101 . 32 5  ( 1  atm) 

PREPARED BY : 

J .  Chr . G j aldbaek 

EXPERIMENTAL VALUES : 
T/K Mol Fraction Bunsen 

Coefficient 
Ostwald 

Coefficient 1 0 3 x 

2 91 . 15 3 . 3 8 
2 91 . 15 3 . 37 
2 9 8 . 15 3 . 28 
2 98 . 1 5 3 . 2 6 
3 1 0 . 15 3 . 18 
3 1 0 . 15 3 . 16 

1 a/cm3 (STP ) cm- 3 atm- 1 

0 . 7 0 2  
0 . 6 99  
0 . 6 77  
0 . 6 7 3  
0 . 6 45  
0 . 6 41  

Smoothed Data : For use between 2 91 . 15 and 31 0 . 15 K .  
ln x1 = - 6 . 6 9 8 4  + 2 . 9 2 3 2/ ( T/1 0 0  K)  

L/cm3 cm- 3 

0 . 7 4 8  
0 . 74 5  
0 . 7 3 9  
0 . 7 3 5  
0 . 7 3 2  
o .  7 2 8  

The standard error about the regression line is  1 . 7 8 x 1 0- 5 • 

METHOD/APPARATUS/PROCEDURE : 

T/K Mol Fraction 
1 0 3 x 1 

2 9 8 . 15 3 . 2 9 
3 0 8 . 15 3 . 1 8  

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
A cal ibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( 1 )  . 

( 1 )  Methane . Generated from 
magnesium methyl iodide . 
Purified by fractional dis
tillation . Specific gravity 
corresponds with mol wt 16 . 08 .  

( 2 )  Cyclohexane . Poulenc Fr�res .  
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The absorbed volume of gas is  
calculated from the initial and 
final amounts , both saturated with 
solvent vapor . The amount of solvent 
is determined by the weight of 
displaced mercury . 

Shaken with fuming sulfuric acid 
and washed with water . Dried 
and distilled over phosphorus 
pentoxide . M . p . / ° C  = 6 . 3 .  

The values are at 1 01 . 32 5  kPa 
( 1  atm) pressure assuming Henry ' s  
law i s  obeyed . 

ESTIMATED ERROR: 

o T/K = ± 0 .  05 
o x1 /x1 = ± 0 . 015 

REFERENCES : 
1 .  Lannung , A .  

J.  Am . Chern . Boa .  1 9 3 0 ,  5 2 ,  6 8 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ]  Ben-Naim, A . ; Yaacobi , M .  

2 . Cyclohexane ; C s H 1 2 ; [ 110-82-7 ] J .  Phy s .  Chern . , 197 4, ?8, 175-8  

VARIABLES : PREPARED BY : 

Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
* 

Ostwald coefficient , Mole fraction+ 
L at partial pres sure 

of 10 1 . 3  kPa , xCH4 
---------------------------------------------------------------------------------

2 8 3 . 1 5  
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 
3 0 3 . 15 

0 . 7 603 
0 . 7 5 2 0  
0 . 7450  
0 . 7 3 9 5  
0 . 7353  

0 . 0 0 3 4 8  
0 . 00341  
0 . 00334  
0 . 00333  
0 . 0 0 3 2 2  

* Smoothed values obtained from the equation . 

kT ln L = 1 , 82 2 . 9 - 12 , 0 5 3  (T/K) + 0 . 01791 (T/K ) 2 cal mol- 1 
where k is in units of cal mol- 1 K- 1 

+ calculated by compiler assuming the ideal gas law for 
methane . 

AUXI LI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

The apparatus was similar to 
that described by Ben-Naim and 
Baer ( 1 )  and Wen and Hung ( 2 ) . 
I t  cons ists of three main parts , a 
dissolution cell of 3 0 0  to 600  cm3 
capacity, a gas volume measuring 
column , and a manometer. The 
solvent is degassed in the dissol
ution cell , the gas is introduced 
and dis solved while the liquid 
is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a 
column of mercury which is measured 
by a ca thetometer . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mol per cent. 

2 .  AR grade . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oxCH4 = ± 2 %  

REFERENCES : 

1 .  Ben-Naim, A , ; Baer , S .  
Trans . Faraday So a .  1963, 59 ,  
2735 . 

2 .  Wen , W , -Y. ; Hung , J . H .  
J .  Phys . Chern .  1970, ?4 , 17 0 .  



Cycloalkanes 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  Methylcyclohexane ; c7H14 : 
[ 1 08 - 8 7-2]  

VARIABLES : 
T/K : 

P/kPa : 
2 8 4 . 2 8 - 3 1 3 . 2 8 
101 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Fiel d ,  L .  R . ; Wilhelm , E . ;  
Battino , R .  

J .  Chem . Thermody n .  1 9 7 4 , 6 ,  
2 3 7  - 2 4 3 . 

PREPARED BY : 

H .  L .  Clever 

T/K Mol Fraction 
1 0 3x 

Bunsen 
Coefficient 

Ostwald 
Coefficient 1 a/cm3 ( STP ) cm- 3 atm-l L/cm3 cm- 3 

2 8 4 . 28 
2 9 8 . 16 
313 . 28 

4 . 3 6 3  
3 . 95 7  
3 . 5 8 7  

0 . 7 7 8  0 . 8 095 
0 . 7 5 7 0  
0 . 7 0 8 6  

0 . 6 9 4  
0 . 618  

The gas solubility values were adj usted to an oxygen partial pressure of 
1 01 . 32 5  kPa ( 1  atm) by Henry ' s  law . 
The Bunsen coefficients were calculated by the compiler . 
Smoothed Data : For use between 2 8 3 . 15 and 3 1 3 . 2 8 K .  

ln x1 = -7 . 5 4 9 9  + 6 . 0143/ (T/1 0 0  K )  

The standard error about the regression line i s  2 . 6 4 x 1 0- 6 • 

T/K Mol Fraction 
1 0 3x 1 

2 8 3 . 1 5  4 . 4 01 
2 9 3 . 15 4 . 0 9 4  
2 9 8 . 15 3 . 955 
3 03 . 15 3 . 8 2 6  
3 1 3 . 15 3 . 5 91 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is  described 
by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhof , Bogan , 
and Wilhelm ( 3 )  • 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid i s  about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum i s  intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pressure 
drops to 5 microns . 
Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass spiral tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm . 
The volume of gas absorbed is found 
by difference between the initial and 
final volumes in the buret system. 
The solvent is collected in a tared 
flask and weighed . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Either Matheson Co . ,  

Inc . Qr Air Products and 
Chemical s ,  Inc . Purest grade 
available ,  minimum purity 
greater than 99 mole per cent . 

( 2 )  Methylcyclohexane . Phi l l ips 
Petroleum co . Pure Grade . 
Distilled . 

ESTIMATED ERROR: 

o T/K = 0 . 03 
oP/mmHg = 0 . 5  
0.1;/.1;1 = 0 . 0 0 5  

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern . Soa .  1 9 4 8 , 2 03 3 . 
2 .  Battino , R. ; Evans, F .  D . ; 

Danforth , W .  F .  J .  Am . Oi Z 
Chern . Soa .  1 9 6 8 , 4 5 , 8 3 0 .  

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhelm, E .  
A nn 7.  r!ht>m 1Cl71 4."! ROF; 
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74-82 -8 ] 

( 2 )  ais-1 , 2-Dimethylcyclohexane ; 
c8H1 6 ; [ 22 07- 01-4 ]  

VARIABLES :  
T/K : 

p/kPa : 
2 9 7 . 9 5 ,  3 1 2 . 9 9 
101 . 3 25 ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Geller , E .  B . ; Battino , R .  
Wilhelm , E .  

J. Chern . Therrnody n .  197 6 ,  8 ,  
197-202 . 

PREPARED BY : 

H .  L .  Clever 

T/K Mol Fraction 
10 3x 1 

Bunsen 
Coefficient 

a/cm3 ( STP ) cm- 3 atm- 1  
Ostwald 

Coeffic ient 
L/cm3 cm- 3 

2 9 7 . 9 5 
312 . 9 9 

3 . 9 6 3  
3 . 6 29  

0 . 62 9 7  0 . 6 8 6 9  
0 . 6506  0 . 5 6 7 8  

The Bunsen coeffic ients were calculated by the compiler assuming ideal 
gas behavior .  

The solubility values were adjusted to a methane partial pressure of 
101 . 3 2 5  kPa by Henry ' s  law . 

Smoothed Data : The equation is based on only two pair of experimental 
points and should be used with caution . 

For use between 2 97 . 9 5 and 312 . 99 K 

ln x 1 = -7 . 3720  + 5 . 4 8 68/ (T/lOOK) 

T/K Mol Fraction 
10 3 x 1 

2 9 8 . 15 
3 0 8 . 15 

3 . 9 5 9  
3 . 7 3 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The solubi lity apparatus is based on 
the design of Morri son and Billett 
( 1 )  and the version used is described 
by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhaf , Bogan , 
and Wilhelm ( 3 )  . 
Degassing . Up to 500  cm 3 of solvent 
is placed in a flask of such size 
that the liquid is about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N2 trap until the 
�ermanent gas residual pressure drops 
to 5 microns . 
Solubi lity Determination . The de
gas sed solvent is passed in a thin 
film down a gla ss helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm . 
The volume of gas absorbed is found 
by differences between the initial 
and final volumes in the buret 
system . The solvent is collected 
in a tared flask and weighed . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Stated to be 9 9 . 9 7 mole percent . 

( 2 )  ais-1 , 2-nimethylcyclohexane . 
Chemical Samples Co . Frac
tionally distilled and stored in 
dark.  Refractive index ( NaD , 
2 9 8 . 15 K )  1 . 4 337 . 

ESTIMATED ERROR: 
o T/K = 0 . 0 3 

o P/mmHg = o . 5  
0.1:1 /.1:1 = 0 . 00 5  

REFERENCES : 
1 .  Morrison , T .  J. ; Billett , F .  

J .  Chern.  Bo a .  19 48 , 2 0 3 3 . 
2 .  Battino , R. ; Evans, F .  D . ; 

Danforth , W .  F .  
Che rn .  Boa .  1 9 6 8 , 4 5 , 8 3 0 .  

3 .  Battino , R. ; Banzhaf , M . ; 
Bogan, M . ; Wilhelm , E .  
Ana Z .  Chern . 1 9 7 1 ,  4 3 ,  8 0 6 .  



COMPONENTS : 
( 1 )  Methane : CH4 : [ 7 4 - 8 2-8 ] 

Cycloalkanes 

ORIGINAL MEASUREMENTS : 
Geller , E .  B :: Battino , R .  
Wilhelm , E .  

( 2 )  trans-1 , 2-Dimethylcyclohexane : 
c8H1 6 : [ 6 8 7 6 - 2 3 - 9 ]  J .  Chem. Thermody n .  1 9 7 6 , 8 ,  

197-2 0 2 . 

VARIABLES : 
T/K : 2 9 7 . 93 - 3 1 3 . 0 0 

p/kPa : 1 01 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K 

PREPARED BY : 

Bunsen 
Coefficient 

H .  L .  Clever 

Ostwald 
Coefficient 

Mol Fraction 

1 0 3 x 1 a/cm3 ( STP ) cm- 3 atm- 1  L/cm3 cm- 3 

2 9 7 . 93 
2 9 8 . 06 
2 9 8 . 08 
2 9 8 . 0 8 
2 9 8 . 1 3 
313 . 00 

4 . 2 7 5  
4 . 2 6 4  
4 . 27 4  
4 . 2 7 4  
4 . 3 14 
3 . 954  

0 . 6 6 2 2  
0 . 6 6 0 4  
0 . 6 61 0  
0 . 6 6 19 
0 . 6 6 8 1  
0 . 6 0 3 1  

o. 7 2 2 3  
o.  7 2 0 7  
o .  7 2 2 4  
o. 7 2 2 4  
0 . 7 2 9 2  
0 . 6 911 

The Bunsen coefficients were calculated by the compiler assuming ideal 
gas behavior . 
The solubility values were adj usted to a methane partial pressure 
of 1 01 . 32 5  kPa by Henry ' s  law . 

Smoothed Data : For use between 2 9 7 . 9 3 and 3 1 3 . 00 K 
ln x1 = -7 . 12 4 4  + 4 . 9 8 08/ ( T/l O OK )  

T/K Mol Fraction 
1 0 3 x 1 

2 9 8 . 15 4 . 2 8 0  
3 0 8 . 15 4 . 054  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 
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The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is  described 

by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhof , Bogan , 
and Wilhelm ( 3 ) . 

Stated to be 99 . 97 mole percent . 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid is  about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently appl ied 
through a liquid N2 trap until the 
permanent gas residual pressure drops 
to 5 microns . 
Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm . 
The volume of gas absorbed is found 
by differences between the initial 
and final volumes in the buret 
system . The solvent is collected 
in a tared flask and weighed . 

( 2 )  trans-1 , 2-Dimethylcyclohexane . 
Chemical Samples Co . Frac
tionally distilled and stored in 
dark . Refractive index ( NaD,  
2 9 8 . 15 K)  1 . 4 2 4 8 . 

ESTIMATED ERROR: 
o T/K = 0 . 03 

o P/mmHg = 0 . 5  
o x1 !x1 = 0 . 0 0 5  

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chem.  Soa .  194 8 ,  2 0 3 3 . 
2 .  Battino , R . ; Evans, F .  D . ; 

Danforth , w. F .  J .  Am . Oi Z 
Chem. Soa .  19 6 8 ,  4 5 , 8 3 0 .  

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana Z .  Chem .  19�1 4 3 ,  8 0 6 .  
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2-8 ] 

( 2 )  trans-1 , 4 -Dimethylcyclohexane , 
3 0  mol % ;  c8H16 ; [ 2 2 07-04-7 ]  

( 3 )  cis-1 , 4 -Dimethylcyclohexane , 
7 0  mol % ;  c8H16 ; [ 6 24-24-3 ]  

VARIABLES : 
T/K : 

p/kPa : 
2 9 8 . 0 8 ,  313 . 11 
1 0 1 . 325  ( 1 atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Geller , E .  B . ; Battino , R .  
Wilhelm , E .  

J.  Ch em . Thermody n .  197 6 ,  8 ,  
197-2 0 2 . 

P REPARED BY : 

H .  L .  Clever 

T/K Mol Fraction 
l O s :r 1 

Bunsen 
Coeffic ient 

a/ems ( STP ) cm- s atm- 1  

Ostwald 
Coefficient 

L/cm s cm-s  

2 9 8 . 0 8 4 . 3 15 0 . 6 6 8 6  o .  7 2 9 6  
0 . 6732  313 . 1 1 3 . 8 5 2  0 . 5 8 7 3  

The Bunsen coefficients were calculated by the compiler assuming ideal 
gas behavior . 

The solubil ity values were adjusted to a methane partial pressure of 
101 . 3 2 5  kPa (1  atm) by Henry ' s  law . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE: 
The solubil ity apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is described 
by Battino , Evans , and Danforth ( 2 ) . 
The degas sing apparatus is that 
described by Battino , Banzhaf , Bogan , 
and Wilhelm ( 3 )  • 

Degassing . Up to 500  ems of solvent 
is placed in a flask of such size 
that the liquid is about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pressure drops 
to 5 microns . 
Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pres sure of one atm .  
The volume o f  gas absorbed is found 
by differences between the initial 
and final volumes in the buret 
system . The solvent is collected 
in a tared flask and weighed . 

SOURCE AND PURITY OF MATERIALS: 
( 1 )  Methane . Matheson Co . ,  Inc . 

Stated to be 9 9 . 9 7 mole percent . 
( 2 )  trans -1 , 4 -Dimethylcyc lohexane . 

( 3 )  cis-1 , 4-Dimethylcyclohexane . 
Chemical Samples Co . The binary 
mixture used as received . 
Composition determined by 
refractive index by authors .  

ESTIMATED ERROR: 
o T/K = 0 . 03 

oP/mmHg = 0 . 5  
OX/Xl = 0 . 0 05 

REFERENCES: 
1 .  Morr ison , T .  J . ; Billett , F .  

J .  Chem . So c .  19 4 8 ,  2033 . 
2 .  Battino , R . ; Evans, F .  D . ; 

Danforth, W .  F .  J.  Am . Oi Z 
Chem .  So c .  1968 , 4 5 , 8 3 0 .  

3 .  Battino , R. ; Banzhaf , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana Z .  Chem.  1 9 7 1 ,  4 3 ,  806 . 



COMPONENTS : 

( 1 )  Methane : CH4 : [ 74 - 8 2 - 8 ] 

Cycloalkanes 

ORIGINAL MEASUREMENTS : 

Geller , E .  B . ; Battino , R .  
Wilhelm , E .  

( 2 )  trans-1 , 3-Dimethylcyclohexane , 
41 mol % ;  c8H16 ; [ 2 2 0 7- 0 3 - 6 ]  J .  Chern . Thermody n .  19 7 6 ,  8 ,  

1 9 7 - 2 02 . ( 3 )  ais-1 , 3-Dimethylcyclohexane , 
59 mol % :  c8H16 : [ 6 3 8 - 0 4 - 0 ]  

VARIABLES :  
T/K : 

p/kPa : 
2 98 . 41 ,  3 1 3 . 08 
1 01 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 41 
313 . 08 

Mol Fraction 
1 0 3 .x 1 
4 . 25 9  
3 . 91 2  

PREPARED BY : 

Bunsen 
Coefficient 

a/cm3 ( STP ) cm- 3 atm- 1  

0 .  6 5 7 2  
0 . 5 9 4 5  

H .  L .  Clever 

Ostwald 
Coefficient 

L/cm3 cm- 3 

0 .  7 1 8 0 
0 . 6 8 1 4  

The Bunsen coefficients were calculated by the compiler assuming ideal 
gas behavior . 

The solubility values were adj usted to a methane partial pressure of 
101 . 32 5  kPa (1 atm) by Henry ' s  law . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 
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The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is  described 
by Battino , Evans,  and Danforth ( 2 ) . 
The degassing apparatus i s  that 
described by Battino , Banzhaf , Bogan , 
and Wilhelm ( 3 ) . 

S tated to be 9 9 . 97 mole percent . 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid i s  about 4 em deep . 
The l iquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pressure drops 
to 5 microns . 
Solubility Determinatio n .  The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm . 
The volume of gas absorbed is found 
by differences between the initial 
and final volumes in the buret 
system. The solvent is collected 
in a tared flask and weighed . 

( 2 )  trans -1 , 3-Dimethylcyclohexane . 

( 3 )  ais-1 , 3-Dimethylcyclohexane . 
Chemical Samples co . Binary 
mixture used as received . 
Authors analyzed mixture by 
refractive index . 

ESTIMATED ERROR: 

o T/K = 0 . 03 
o P/mmHg = 0 . 5  

o.x1 ;x1 = o . o os  

REFERENCES ; . 
1 .  Morr�son , T .  J . ; B�llett , F .  

J .  Chern . Soa . 1 9 4 8 ,  2 0 3 3 . 
2 .  Battino , R . ; Evans, F .  D . ; 

Danforth , W .  F .  J .  Am. Oi L 
Chern. Soa . 1 9 6 8 , 4 5 , 8 3 0 . 

3 .  Battino , R . ; Banzhaf , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana L .  Chern . 1971 4 3 ,  8 0 6 . 



462 Cycloal kanes 

COMPONENTS : ORIGINAL MEASUREMENTS : 
{ 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

{ 2 )  Cyclooctane ; c8 H16 ; [ 2 92-64-8 ] 

VARIABLES :  
T/K :  

P/kPa : 
2 8 8 . 8 9 - 313 . 4 5 
101 . 3 2 5  { 1  atm) 

Wilcock , R. J . ; Battino , R. ; 
Wilhelm , E .  

J.  Chern.  Thermodyn .  1 9 7 7 , 9 ,  
111 - 115 . 

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VAL�UE=S�:�-----------------------------------------------
T/K Mol Fraction 

10 3 .x 1 

Bunsen 
Coefficient 

Cl. 

Ostwald 
Coefficient 

L 
2 8 8 . 8 9  
2 9 8 . 2 1 
313 . 4 5  

3 . 04 2  
2 . 7 6 5  
2 . 664  

0 . 5 106 
0 . 4 5 9 9  
0 . 4 3 6 5  

0 . 5 4 0 0  
0 . 5021 
0 . 5009  

The Bunsen coeffic ients were calculated by the compiler . 
The solubility values were adjusted to a methane partial pres sure of 
101 . 3 2 5  kPa by Henry ' s  law . 
Smoothed Data : For 2 8 8 . 1 5 to 313 . 15 K 

ln .x1 = -7 . 4 333  + 4 . 6835/ {T/l O OK) 

The standard error about the regression line is 9 . 8 0  x 10- 5 • 

T/K Mol Fraction 
10 3 .x 1 

2 8 8 . 15 
2 9 8 . 1 5 
3 0 8 . 1 5 

3 . 0 0 
2 . 8 4  
2 . 7 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The solubil ity apparatus i s  based on 
the des ign of Morrison and Billett 
{ 1 )  and the version used is described 

by Battino , Evans , and Danforth { 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhaf , Bogan , 
and Wilhelm { 3 ) . 
Degassing. Up to 500  cm3 of solvent 
is placed in a flask of such size 
that the liquid is about 4 em deep . 
The l iquid is rapidly stirred , and 
vacuum is intermittently applied 
through a l iquid N2 trap until the 
permanent gas residual pressure drops 
to 5 microns . 
Solubility Determination . The de
gas sed solvent is pas sed in a thin 
film down a glass spiral tube con
taining solute gas plus the solvent 
vapor at a total pres sure of one atm . 
The volume of gas absorbed is found 
by difference between the initial and 
final volumes in the buret system . 
The solvent is collected in a tared 
flask and weighed . 

SOURCE AND PURITY OF MATERIALS : 
{ 1 )  Methane . Matheson Co . ,  Inc . 

Minimum mole per cent purity 
is 9 9 . 97 .  

{ 2 )  Cyclooctane . Chemical Samples 
Co . 99 mole per cent , distilled , 
refractive index (NaD , 2 9 8 . 1 5  K) 
1 . 4 562 . 

ESTIMATED ERROR: 
oT/K = 0 . 0 3 

oP/mmHg = o . 5  
o.x1;.x1 = o . o o5 

REFERENCES : 
1 .  Harrison , T .  J . ; Billett , F .  

J .  Chern . So a .  19 4 8 ,  2033 . 
2 .  Battino , R. ; Evans , F .  D . ; 

Danforth , W .  F .  
J .  Am . Oi l Chern . So a .  1968 , 
4 5 , 8 3 0 .  

3 .  Battino , R. ; Banzhaf , M. ; 
Bogan , M . ; Wilhelm, E .  
Ana l .  Chern . 1 9 7 1 ,  4 3 ,  8 0 6 .  



Cycloalkanes 

COMPONENTS : 
( 1 )  Methane � CH4 � [ 7 4- 8 2-8 ] 

( 2 )  Cyclic hydrocarbons � c6H1 0  
and c6H12 

VARIABLES:
T/K : 

P/kPa : 
2 9 3 . 15 ,  2 9 8 . 15 
101 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES: 

T/K Mol Fraction 
4 x1 x 10 

ORIGINAL MEASUREMENTS : 
Guerry , D .  Jr . 

Ph . D .  thesis , 1 9 4 4  
Vanderbilt University 
Nashville , TN 

Thesis Director : L .  J. Bircher 

PREPARED BY: 

Bunsen 
Coefficient 

0. 

H .  L .  Clever 

Ostwald 
Coefficient 

L 

Cyclohexene ; c6H1 0 � [ 1 1 0- 8 3 - 8 )  

2 9 3 . 15 2 4 . 8  0 . 551 0 . 591  
2 9 8 . 15 2 4 . 6  0 . 54 3  0 . 5 9 3  

Cyclohexane � C6Hl2 � [ 1 1 0 - 8 2 - 7 )  

2 9 3 . 15 2 9 . 2  0 . 6 0 7  0 . 6 51 
2 9 8 . 15 2 8 . 3  0 . 5 8 5  0 . 6 3 9  

The Ostwald coefficients were calculated by the 
compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A Van Slyke-Neill Manometric Appara
tus manufactured by the Eimer 
and Amend Co . was used . 
The procedure of Van S lyke ( 1 ) for 
pure liquids was modified ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost complete 
recovery of the sample . 
An improved temperature control 
system was used . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Prepared by hydrolysis 
of crystaline methyl Grignard 
reagent . Passed through cone . 
H2so4 , solid KOH , and Dririte . 

( 2 )  Hydrocarbons .  Both were 
Eastman Kodak Co . products . 
They were purified by standard 
methods , and distilled from Na 
in a nitrogen atm. 

M-P 

SOURCE AND PURITY OF MATERIALS : 
Cyclohexene . B . p .  ( 75 6 . 6  mmHg ) 
t/ ° C  8 2 . 3 5 - 8 2 . 5 0  ( carr . ) . 

Cyclohexane . B . p .  ( 7 6 0 . 7  mmHg) 
t/° C  8 0 . 9 0 ( carr . ) .  

Data on density , refractive index 
and vapor pressure are in the 
thesis . 

ESTIMATED ERROR: 

ll T/K = 0 . 05 

REFERENCES: 
1 .  Van S lyke , D .  D .  

J .  Bio Z .  Chern.  1 9 3 9 , 1 3 0 , 54 5 .  

2 .  I j ams , c .  c .  
Ph . D .  thesis , 1 9 4 1  
vanderbilt University 
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464 Cycloalkanes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

l .  

2 .  

Methane ; CH 4 ;  [ 74- 8 2 - 8 ]  

l , l ' -Bic¥clohexyl ; C 1 2H 2 2 ; 
[9 2-51- 3 j  

Cukor , P .M . ; Prausni tz , J .H. ; 

J .  Phy s .  Chern . 19 72 , 7 6 , 5 9 8-60 1  

VARIABLES :  PREPARED BY : 

Temperature C .L .  Young 

EXPERIMENTAL VALUES : 

T/K Henry ' s  Constanta 
/atm 

Mole frBction of 
methane in liquid , 
XCH 4 

300  29 8 0 . 0 0 3 3 6  

325 341 0 . 0 0 2 9 3  

35 0 3 7 8  0 . 0 0 2 6 5  

375 4 0 6  0 . 0 0 2 4 6  

4 0 0  4 2 2  0 . 00 2 3 7 

4 2 5  4 2 5  0 . 0 02 35 

4 5 0  4 15 0 . 00 2 4 1  

4 75 39 2 0 . 0 0 2 5 5  

a .  Quoted in supplementary material for original paper 

b .  Calculated by compi ler for a partial pressure of 1 atmosphere 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Volumetric apparatus s imilar uo detai ls given 
to that described by Dymond and 
Hildebrand ( 1 ) . Pres sure measured 
with a null detector and precision 
gauge . Details in ref . ( 2 ) . 

ESTIMATED ERROR: 

o T/K = ±0 . 05 ;  oxCH 4 = ± 2 %  

REFERENCES : 
1 .  Dymond , J . ; Hildebrand , J . H .  

Ind. Eng .  Chern. Fundarn . 1 9 6 7 ,  6,  
1 3 0 . 

2 .  Cukor , P .M . ; Prausnitz , J .M .  
Ind. Eng . Chern . Fundarn . 1971,  1 0, 
6 3 8 .  



COHPONENTS : 
1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Cyc lohexane ; c6H1 2 ; 
[ 1 1 0 - 8 2-7 ] 

CRITICAL EVALUATION : 

Cycloalkanes 

EVALUATOR: 
Colin L .  Young 
Department of Physical Chemi stry , 
University of Me l bourne . 
Parkvi l le ,  Victoria , 3052  
Austra l ia.  
February 1 9 8 6 .  
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This system has been fairly extensively inve stigated by Russ ian 
workers but there are serious doubts as to the rel iabil ity of some of the 
ear ly work , ref ( 1 -3 ) . Legret , Richon and Renon ( 4 )  c l assified the data of 
Stepanov and Vybornova ( 5 ) 1 as having methane mol e  fractions of better than 
2 per cent but the original arti cle was unavai lab l e  to us . The most 
extensive study is that of Reamer et al . ( 6 ) . Their data are thought to be 
fairly reliable and are class if ied as tentative . Since these workers did 
not , however,  provide raw experimental data it is difficult to establ ish 
the reliabil ity of the smoothed data with certainty . The earlier data of 
Sage et al . ( 7 )  are very l imited in extent and are superseded by this 
groups l ater measurements ( 6 ) . 

The recent data of Brunner et a l .  ( 8 )  are in reasonanb le  agreement 
with the more extensive data of Sage et al . ( 6 ) .  The data of Schoch et a l . 
( 9 )  are only of moderate prec ision but are in reasonable  agreement with the 
data of Reamer et al . ( 6 ) .  Therefore the data given in ref ( 8 )  and ( 9 )  
support the c l assi fication of tentative for the data of Reamer et al . ( 6 ) .  
However , in view of the fact that ref . ( 6 )  only reports smoothed data the 
data cannot be unreservedly cla ssified as recommended . 

The data of Frol ich et al . ( 1 0 )  were presented in smal l graphica l form 
and are thought to be of l ow accuracy are and c lassified as doubtfu l .  

References . 

1 .  Savvina , Ya . D . ; Vel ikovskii , A .  S . ; 
Zh . F i z ,  K h i m . , 1 9 5 6 ,  3 0 ,  1 5 9 6 . 

2 .  Savvina , Ya . D . ; 
Tr . V s e s . N a u c h . I s s e l e d . In s t .  P r i d o d . G a z o v . ,  1 962 , 1 7 - 2 5 ,  1 8 5 . 

3 .  Stepanov , G .  S . ; 
G a z o v . De l o . , 1 9 7 0 ,  1 ,  26 . 

4 .  Legret , D . ; Richon , D . ; Renon , H . ; 
Fl u i d  Ph a s e  E q u i l i b . , 1 9 8 4 , 1 7 ,  3 2 3 . 

5 .  Stepanov , G .  S . ; Vybornova , Ya . I . ; 
G a z o v . De l o . N a u c h . T e k h n . Sb . ,  1 9 64 , 1 0 ,  9 .  

6 .  Reamer , H .  H. ; Sage , B .  H . ; Lacey , n .  N . ; 
Chem . En g .  Da t a  Se r . 3 .  1 9 5 8 , 3 ,  2 4 0 . 

7 .  Sage , B .  H . ; Webster , D� ; Lacey , w. N. ; 
In d .  En g .  Che m . , 1 9 3 6 ,  3 8 ,  1 0 4 5 .  

8 .  Brunner , E . ; Maie� . ;  Windhaber , K . ; 
J .  Ph y s ,  E . , 1 9 8 4 , 1 7 ,  4 4 .  

9 .  Schoch , E .  P . ; Hoffmann , A .  E . ; Mayfield , F .  D . ; 
I n d . En g .  Che m , , 1 9 4 0 ,  3 2 , 1 3 51 . 

l O . Frolich , K. ; Tauch , E .  J . ; Hogan , J .  J . ; Peer , A .  A . ; 
In d .  En g .  Che m . , 1 9 31 , 2 3 ,  5 4 8 . 



466 Cycloalkanes 

COMPONENTS : 
1 .  Methane ; CH� ; [ 74 - 8 2 - 8 ]  

2 .  Cyclohexane; C s H 1 2 1  [ 110-82-7]  

VARIABLES : 

Pres sure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Frolich ,  P . K . ; Tauch , E . J . ; 
Hogan , J . J . ; Peer , A . A .  

Ind .  Eng .  Chern . 193 1 ,  2 3 ,  5 4 8-550 . 

P REPARED BY : 
C . L .  Young 

* T/K P/MPa Solubility Mole fraction of + 
methane in liquid , 

XCH � 
--------------------------------------------------------------

29 8 . 1 5 1 . 0  
2 . 0  
3 . 0  
4 . 0  
5 . 0  
6 . 0  
7 . 0  

6 
14 
23  
34 
44 
56 
6 8  

0 . 026 
0 . 0 59  
0 . 0 93  
0 . 1 31 
0 . 164 
0 . 19 9  
0 . 23 2  

* Data taken from graph i n  original article . Volume o f  gas 
measured at 101 . 3 2 5  kPa and 29 8 . 1 5 K dissolved by unit 
volume of liquid measured under the same conditions . 

+ Calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static equilibrium cel l .  Liquid 
saturated with gas and after 
equil ibrium established samples 
removed and analysed by volumetric 
method . Al lowance was made for the 
vapor pressure of the liquid and 
the solubility of the gas at 
atmospheric pressure . Details in 
source . 

SOURCE AND PURITY OF MATERIALS : 

Stated that the materials were the 
highest purity available .  Purity 
9 8  to 9 9  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oxCH� = ± 5 %  

REFERENCES : 



Cycloalkanes 467 

COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4- 8 2 - 8 ] 

2 .  Cyclohexane ; C 6 H 1 2 ; [110-82- 7 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 

310 . 9  
( 1 0 0 )  

3 4 4 . 3  
( 1 6 0 )  

3 7 7 . 6  
( 2 2 0 )  

p/psi 

2 0 4 5  
2 5 5 4  
2 1 9 6  
2 6 9 8  
2 2 4 0  
2 7 3 4  

P/MPa
t 

14 . 10 
17 . 61 
15 . 14 
1 8 . 6 0 
15 . 4 4 
1 8 . 8 5 

t 
calculated by compiler . 

ORIGINAL MEASUREMENTS : 

Sage , B .  H . ; Webster ,  D .  C . ;  
Lacey , W .  N .  

Ind. Eng . Chern.  

1 9 3 6 , 2 8 , 104 5-10 4 7 . 

PREPARED BY : 

c .  L .  Young 

Mass fraction 
of methane 

Mole fractiont 

of methane , 

0 . 1 0 0 1  
0 . 1 3 4 4  
0 . 1001 
0 . 1 3 4 4  
0 . 1 0 0 1  
0 . 13 4 4  

xCH� 

0 . 3 6 8 3  
0 . 4 4 8 7  
0 . 3 6 8 3  
0 . 4 4 8 7  
0 . 3 6 8 3  
0 . 4 4 8 7  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 
known composition . Pressure 
measured with pressure balance . 
Bubble point determined from the 
discontinuity in the pressure , 
volume isotherm . Details of 
apparatus in ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Prepared from natural gas , 
treated for removal of higher 
alkanes , carbon dioxide and water 
vapor . Final purity 9 9 . 9  mole 
per cent . 

2 .  Eastman Kodak Co . sample , used 
without further purification . 

ESTIMATED ERROR: 
o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 02 ;  

oxCH � 
= ± 0 . 0 0 2  (estimated by 

compiler) . 

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w. N .  
Ind. Eng . Chern . 

1 9 3 4 ' 2 6 '  1 0 3 . 



468 Cycloa lkanes 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8]  

2 .  Cyclohexane ; C6 H 1 2 1  [ 110-82-7 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

311 . 0 8 4 . 1 5 
7 . 7 0 8  

11 . 17 
14 . 81 
1 8 . 0 6 
20 . 4 9 
2 1 . 9 0  
2 3 . 4 4  
2 5 . 07 
2 5 . 8 3 
2 6 . 2 3 
26 . 3 2 

344 . 26 4 . 4 7  
8 . 4 6 7  

1 0 . 4 9  
14 . 0 0 

Mole fraction 
of methane 
in liquid , 

xCH4 

0 . 11 8 5  
0 . 2 1 6 0  
0 . 2 9 9 6  
0 . 38 3 3  
0 . 4561  
0 .  5117  
0 . 54 4 7  
0 . 5 8 7 0  
0 . 6 3 3 0  
0 . 6 9 3 9  
0 . 7414  
0 . 7 81 0  
0 . 11 7 5  
0 . 21 6 5  
0 . 2 5 9 9  
0 . 34 2 3  

ORIGINAL MEASUREMENTS : 

Schoch , E .  P . ; Hoffmann , A .  E . ;  
Mayfield , F .  D .  
Ind.  Eng . Chern. 194 0 ,  3 2 ,  1351-3 . 

P REPARED BY : 

T/K 

344 . 2 6 

377 . 5 9 

� 

C .  L .  Young 

P/MPa 

17 . 35 
2 0 . 2 4 
2 3 . 81 
2 5 . 72 
2 6 . 8 3 
2 7 . 08 
26 . 92 

4 .  71 
8 . 756 

12 . 4 2 
16 . 2 0 
2 0 . 84 
2 3 . 4 8 
2 5 . 06 
2 5 . 3 3 
2 5 . 2 8  

Mole fraction 
of methane 
in liquid , 

XCH4 

0 . 4 166 
0 . 4 812 
0 . 5 6 77 
0 . 6 3 5 8  
0 . 6 916 
0 . 7 3 8 5  
0 . 7 8 3 8  
0 . 11 8 9  
0 . 2173  
0 . 29 9 8  
0 . 3855  
0 . 5 0 0 0  
0 . 5 7 8 4  
0 . 6 61 3  
0 .  7175  
0 .  7 7 5 4  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Rocking equilibrium cell fitted with 
stirring paddles .  Temperature 
measured with Beckmann thermometer 
calibrated against standard platinum 
res istance thermometer . Pressure 
measured with Bourdon gauge . 
Samples inj ected into cell using 
mercury displacement . Equilibrium 
pressure measured) Bubble point 
determined from change in s lope of 
pressure-volume isotherms . 
in ref . ( 1 ) . 

Details 

SOURCE AN D  PURITY O F  MATERIALS : 

1 .  Crude sample treated for removal 
of oxygen , carbon dioxide , water 
vapor and liquids condens ible at 
2 0 0  K; distilled . 

2 .  Eastman Kodak Co . sample 
distilled. 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 1 at 311 . 0 8 K ;  ± 0 . 0 3 at 
higher temperatures ;  oP/MPa = 
± 0 . 0 1 ;  oxCH = ±0 . 001 (estimated 4 by compiler) • 

REFERENCES : 

1 .  Schoch , E .  P . ;  Hoffmann , A .  E . ; 
Lightfoot , J .  H . ;  Kasperik , 

�1ayfield , 
Ind .  Eng . 

A .  S . ;  
F .  D .  
Chern . 1940 , 3 2 ,  7 8 8 . 



Cycloalkanes 469 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

2 .  Cyclohexane ; C 6 H 1 2 ; [ 11 0 - 8 2 - 7 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 

2 9 4 . 3  
( 7 0 )  

3 10 . 9  
( 1 0 0 )  

P/MPa 

1 .  3 8  
2 . 7 6 
4 . 14 
5 . 5 2 
6 . 8 9 
8 . 62 

10 . 34 
1 2 . 0 7  
13 . 7 9 
15 . 5 1 
17 . 24 
1 8 . 9 6 
2 0 . 6 8 
2 4 . 13 
27 . 5 8 
2 8 . 20 

1 .  3 8  
2 . 76 
4 . 14 
5 . 5 2 
6 . 8 9 
8 . 62 

p/psi 

2 0 0  
4 0 0  
6 0 0  
8 0 0  

1 0 0 0  
1250  
1500  
1 7 5 0  
2 0 0 0  
2 2 5 0  
2 5 0 0  
2 7 5 0  
3 0 0 0  
3 5 0 0  
4 0 0 0  
4 0 9 0  

2 0 0  
4 0 0  
6 0 0  
B O O  

1 0 0 0  
1250  

ORIGINAL MEASUREMENTS : 

Reamer , H .  H .  ; Sage , B • H .  ; 
Lacey , w. N .  
Ind .  Eng . Chern . 

1 9 5 8 , 3 ,  2 4 0-2 4 5 . 

PREPARED BY : 

c . L .  Young 

Mole fraction of 
in liquid , 

XCH 4 

0 . 04 4 0  
0 . 0 8 7 0  
0 . 12 8 8  
0 . 16 9 3  
0 . 2 0 8 6  
0 . 2 5 6 0  
0 . 3 0 2 2  
0 . 3 4 6 8  
0 . 3 9 0 1  
0 . 4 3 3 1  
0 . 4 7 5 0  
0 . 51 7 0  
0 . 55 8 1  
0 . 6 3 9 2  
0 . 7 3 5 0  
0 . 7 6 5  
0 . 0 4 1 4  
0 . 0 9 2 0  
0 . 1217 
0 . 16 0 1  
0 . 19 7 7  
0 . 24 3 0  

( cont . ) 

methane 
in vapor , 

YcH4 

0 . 9 8 9 1  
0 . 9 9 2 4  
0 . 9 9 3 4  
0 . 9 9 3 8  
0 . 99 3 8  
0 . 9 9 3 1  
0 . 9 9 2 0  
0 . 9 9 0 1  
0 . 9 8 7 3  
0 . 9 8 4 4  
0 . 9 8 0 5  
0 . 97 4 0  
0 . 9 6 6 1  
0 . 9 3 9 0  
0 . 8 4 8 9  
0 . 7 6 5  
0 . 9 7 9 3  
0 . 9 8 6 0  
0 . 9 8 7 6  
0 . 9 8 8 3  
0 . 9 8 8 5  
0 . 98 7 6  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

PVT cell charged with mixture of 
known composition . Pressure 
measured with pressure balance . 
Temperature measured using platinum 

resistance thermometer .  Details 
in ref .  ( 1 ) . Gas samples analysed 
by condensing cyclohexane out in 
cold trap . Bubble point deter-
mined from discontinuity in 
pressure-volume isotherm for fixed 
total composition . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Sample treated for removal of 
carbon dioxide and water vapor . 
Purity about 9 9 . 9  mole per cent . 

2 .  Phillips Petroleum Co . research 
grade sample , purity 99 . 9 8 mole 
per cent . 

ESTIMATED ERROR: 

oT/K = ±0 . 0 5 ;  o P/MPa = ± 0 . 01 ;  
oxcH4 ' oycH4 = ± o . o o 2 . 

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , w .  N .  
T:r>ans . Am . Ins t .  Mining Me t .  Engn:r>s. 

1 9 4 0 , 1 3 6 ,  1 3 6 . 



470 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 74-B2-B ] 

Cycloalkanes 

ORIGINAL MEASURElffiNTS : 

Reamer , H .  H .  ; Sage , B .  H .  ; 
Lacey , N. N .  

2 .  Cyclohexane ; C sH 1 2 ;  [ 110-B2-7]  Ind . Eng . Chern . 

EXPERIMENTAL VALUES : 

31 0 . 9  
( 1 0 0 )  

344 . 3  
( 1 6 0 )  

377 . 6  
( 2 2 0 )  

410 . 9  
( 2 B O )  

P/MPa 

10 . 3 4 
12 . 0 7 
13 . 7 9 
15 . 51  
17 . 24  
1B . 9 6 
2 0 . 6B  
24 . 1 3 
27 . 5 B 
27 . B 5 

1 .  3B  
2 . 7 6 
4 . 14 
5 . 52 
6 . B 9  
B . 62 

10 . 3 4 
12 . 07 
13 . 7 9 
15 . 5 1 
17 . 2 4 
1B . 96  
2 0 . 6 B 
24 . 1 3 
2 6 . 75 

1 .  3B  
2 . 76 
4 . 1 4 
5 . 5 2 
6 . B9 
B . 6 2 

10 . 34 
12 . 07 
13 . 7 9 
15 . 51 
17 . 2 4 
1B . 9 6 
20 . 6 B 
2 4 . 13 
2 5 . 4 4  

1 .  3B 
2 . 7 6 
4 . 1 4 
5 . 5 2 
6 . B 9 
B . 6 2 

10 . 3 4 
12 . 0 7 
13 . 7 9 
15 . 5 1 
17 . 2 4 
1B . 96 
2 0 . 6 B  
2 3 . 1 0 

p/psi 

1 5 0 0  
1750  
2000  
2250  
2500  
2750  
3000  
3 5 0 0  
4 0 0 0  
4 0 4 0  

2 0 0  
4 0 0  
6 0 0  
B O O  

1000  
1250  
1500  
1750  
2000  
2250  
2500  
2 7 5 0  
3 0 0 0  
3500  
3 B B O  

2 0 0  
4 0 0  
6 0 0  
B O O  

1000  
1250  
1500  
1750  
2000  
2 2 5 0  
2 5 0 0  
2 7 5 0  
3 0 0 0  
3 5 0 0  
3 6 9 0  

2 0 0  
4 0 0  
6 0 0  
0 0 0  

1000  
1250  
1500  
1750  
2 0 0 0  
2 2 5 0  
2 5 0 0  
2750  
3000  
3350  

19 5 0 ,  3 ,  240 -24 5 .  

Mole fraction of methane 
in liquid , in vapor , 

xCH 4 YcH4 

0 . 2 B 7 0  
0 . 3 3 0 0  
o .  3 7 2 0  
0 . 4129  
0 . 4 54 0  
0 . 4 959  
0 . 5 3 6 5  
0 . 6201  
0 . 7 2 7 4  
0 . 7 5 B  
0 . 0 365  
0 . 0 7 4 0  
0 . 1103 
0 . 1 4 6 2  
0 . 1 Bl2  
0 . 2 2 4 4  
0 . 2 6 7 0  
0 . 3 0 B 6  
0 . 3505  
0 .  3911 
0 . 4 3 2 3  
0 . 4 7 4 6  
0 . 51BO  
0 . 6070  
0 . 7 3 7  
0 . 031B  
0 .  0677  
O . l 0 2 B  
0 . 1373  
0 . 1714  
0 . 2134  
0 . 2 5 4 B  
0 . 2 9 6 3  
0 . 3 3 7 4  
0 . 3 7 B O  
0 . 4191  
0 . 4610  
0 . 5 0 7 9  
0 . 6 0 9 0  
0 .  711 
0 . 02 4 B  
0 . 0 603  
0 . 0951  
0 . 12 9 5  
0 . 1634  
0 . 2 0 5 4  
0 .  2 4  71  
0 . 2 B B 6  
0 . 32 9 7  
0 . 3 7 0 B  
0 . 4 134  
0 . 4 6 15 
0 . 5141  
0 . 6 6 7  

(cont . ) 

0 . 9 B 6 0  
0 . 9 B 4 0  
0 . 9 8 10 
0 .  9 7 7 0  
0 .  9 7 10 
0 . 9 6 4 0  
0 . 9 5 3 9  
0 . 9 2 7 0  
O . B 2 6 3  
0 . 75 B  
0 . 9 3 B O  
0 .  9616 
0 . 9671  
0 . 9 7 0 0  
0 . 9 7 0 9  
0 .  9 7 1 2  
0 . 9 7 0 0  
0 . 967B  
0 . 9 6 4 9  
0 . 9 5 9 B  
0 . 9 5 4 0  
0 . 9 4 5 9  
0 . 9 3 7 0  
0 . 9 0 0 2  
0 . 7 37 
O . B 4 3 7  
0 . 9 0 6 5  
0 . 9 2 4 9  
0 . 9 3 3 4  
0 . 9 3 B l  
0 . 9417  
0 . 94 1 0  
0 . 9 3 9 9  
0 . 9 3 7 0  
0 . 9310  
0 . 9 2 2 0  
0 . 9109  
O . B 9 6 0  
O . B 2 7 0  
o .  711 
0 . 65 2 0  
0 . 79 9 0  
O . B 4 6 4  
O . B 7 0 9  
O . B B 5 3  
O . B 9 3 9  
O . B 9 6 7  
O . B961  
O . B91B 
O . B B 2 9  
O . B6 9 0  
O . B5 0 1  
O . B210 
0 . 66 7  



Cycloa lkanes 471 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

l .  Methane : CH4 :  [ 74 - 8 2- B ]  Reamer , H .  H . :  Sage , B .  H . : 
Lacey , w .  N .  

2 .  Cyclohexane : C s H 1 2 : [ 11 0 - 8 2 - 7 ]  Ind . Eng . Chern . 

1 9 5 8 , 3 ,  2 4 0-24 5 .  

EXPERIMENTAL VALUES :  

Mole fraction of methane 
T/K P/MPa p/psi in liquid , in vapor , 

(T/ ° F )  xCH4 YcH4 

4 4 4 . 3  l .  3 8  2 0 0  0 . 01 4 8  0 . 3 6 5 3  
( 3 4 0 )  2 . 7 6 4 0 0  0 . 0512  0 . 6 3 5 4  

4 . 14 6 0 0  0 . 0 8 7 0  0 .  7 2 3 6  
5 . 5 2 B O O  0 . 1 2 2 4  0 . 7 6 7 3  
6 . 8 9 1 0 0 0  0 . 15 6 6  0 . 7 8 91 
8 . 6 2 1250  0 . 1 9 8 4  0 . 8 0 1 9  

10 . 34 1 5 0 0  0 . 2 3 9 2  0 . 8 0 5 9  
12 . 0 7 1 7 5 0  0 . 2 8 2 0  0 . 8 0 7 9  
13 . 7 9 2 0 0 0  0 . 3 2 5 0  0 . 8 0 3 1  
1 5 . 51  2250  0 . 3 6 9 7  0 . 7 8 8 6  
17 . 2 4 2 5 0 0  0 . 4 1 9 3  0 . 7 6 4 4  
1 8 . 9 6 2 7 5 0  0 . 4 7 8 1  0 . 7 0 0 0  
2 0 . 0 6 2 9 1 0  0 . 60 8  0 . 6 0 8  



472 Cycloalkanes 

COMPONENTS : 

1 .  HE!t.hane;  CH� ; [ 7 4-82-8 ] 
2 .  Cyc1ohexane ; Cs H 1 2 ;  

[ 1 1 0 - 8 2 - 7 ] 

VARIABLES : 

Tempe rature , pressure 

EXPERIMENTAL VALUES : 

T/K 
( tj DC )  

313 . 2  
( 4 0 )  

333 . 2  
( 60 ) 

353 . 2  
( 8 0 )  

P/kgcm- 3 

2 0  
50 

1 0 0  
1 5 0  
2 0 0  
220 
250 
265 
2 6 9  

2 0  
50 

1 0 0  
1 5 0  
2 00 
230  
250  
263  
266  

50  
1 00 
1 5 0  
200  
220  
240  
250  

ORIGINAL MEASUREMENTS : 

Savvi na , Ya . D .  
Tr . Vs e s .  Nauahno -Is s Z ed. Ins t .  
Prirodn . Gazov . , 1 9 6 2 ,  1 7/2 5 , 
185-1 96 . 

--

PREPARED BY : 
c .  L .  Young 

P/Mpa K-va1ue 
methane cyc1 ohexane 

1 .  9 6  1 5 . 8 5 0 . 05 2  
4 . 9 0 6 . 5 9  0 . 0 2 1  
9 . 8 1 3 . 3 3 0 . 02 8  

1 4 . 7  2 . 3 6 0 . 04 0  
1 9 . 6  1 .  83  0 . 06 5  
2 1 . 6  1 .  6 9  0 . 08 1  
2 4 . 5  1 .  4 2  0 . 1 8 0  
2 6 . 0  1 .  2 2  0 . 4 1 3  
2 6 . 4  1 . 1 0 0 . 65 1  

1 .  9 6  1 6 . 1 0 0 . 07 0  
4 . 9 0 6 . 9 0 0 . 0 3 0  
9 . 8 1 3 . 4 5 0 . 0 37 

1 4 . 7  2 . 4 3 0 .  05 3 
1 9 . 6  1 .  85  0 . 08 4  
2 2 . 6  1 .  6 1  0 . 1 3 4  
2 4 . 5  1 .  4 3  0 . 2 1 4  
2 5 . 8  1 .  20  0 . 4 52  
2 6 . 1  1 . 1 0 0 . 6 6 2  

4 . 9 0 7 . 1 1  0 . 03 8  
9 . 8 1 3 . 6 1 0 . 04 3  

1 4 . 7  2 . 4 5 0 . 06 4  
1 9 . 6  1 .  87  0 . 1 1 0  
2 1 . 6  1 .  70  0 . 1 5 6  
2 3 . 5  1 .  4 7  0 . 2 2 7  
2 4 . 5  1 .  34 0 . 3 2 7  

AUXI LIARY INFORNATION 

METHQD , APPARATUS/PROCEDURE : 

Values appear to be determined 
using apparatus described in ref . l .  

SOURCE AND PURITY OF MATERIALS : 

No Details given . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Savvina , Ya . D . ; Velikovskii , A .  s .  

Tr . Vs e s .  Nau ahno-Is s Zed.  Ins t .  
Prirodn . Gazov . ,  19 6 2 , 1 7/2 5 ,  16 3 .  



Cycloa lkanes 473 

COMPONENTS : 
1 . . Nethane;  CH� ; [ 7 4 - 8 2 - 8 ) 
2 .  Cyc1 ohexane ; Cs H1 2 ;  

[ 1 1 0 - 8 2- 7 ]  

Experimental Values : 
T/K 

( tjD C )  

35 3 . 2 ( 8 0 )  
3 7 3 . 2  
( 1 0 0 ) 

3 9 3 . 2  
( 1 20 ) 

4 2 3 . 2  
( 1 50 ) 

P/kgcm 3 

2 6 2  
30  
50 

1 0 0  
1 5 0  
2 0 0  
2 2 0  
2 4 0  
2 5 0  
2 5 4  

2 0  
50  

1 0 0  
1 5 0  
2 0 0  
2 2 0  
2 4 0  
2 4 6  

3 0  
50  

100  
150  
200  
220  
227  

.-

ORIGINAL MF.ASUREMENTS : 
Savvina , Ya . D .  
T� . Vs es . Nauahno-Is s Zed .  Ins t .  
P�i�odn . Gazov . •  1 9 6 2 ,  1 ?/25 , 
1 8 5- 1 9 6 . 

--

P/Mpa K-va 1ue 
methane cyc1 ohexane 

2 6 . 0  1 .  07  0 . 7 6 5  
2 . 9 4 1 1 . 5 0 0 . 0 8 6  
4 . 9 0  7 . 6 1 0 . 04 8  
9 . 8 1 3 . 6 9 0 . 05 2  

1 4 . 7  2 . 5 1 0 . 08 1  
1 9 . 6  1 .  8 8  0 . 1 3 4  
2 1 . 6  1 .  6 3  0 . 1 7 7  
2 3 . 5  1 .  3 9  0 . 3 0 6  
2 4 . 5  1 . 2 1  0 . 4 9 8  
2 4 . 9  1 .  0 3  0 . 87 5  

1 .  9 6  1 7 . 8 7 0 . 1 6 7  
4 . 9 0 7 . 6 1 0 . 07 3  
9 . 8 1 3 . 7 8 0 .  0 7 7  

1 4 . 7  2 . 4 4 0 . 1 0 8  
1 9 . 6  1 .  8 1  0 . 1 8 6  
2 1 . 6  1 .  5 7  0 . 2 5 4  
2 3 . 5  1 .  2 5  0 . 4 7 3  
2 4 . 1  1 .  0 4  0 . 86 3  

2 . 9 4 1 2 . 9 3 0 . 1 7 0  
4 . 9 0 7 . 2 0 0 . 09 7  
9 . 8 1 3 . 5 6 0 . 1 0 7  

1 4 . 7  2 . 3 1 0 . 1 4 3  
1 9 . 6  1 .  6 5  0 . 2 7 9  
2 1 . 6  1 .  3 3  0 . 4 5 8  
2 2 . 3  1 .  09  0 . 78 8  



474 Cycloalka nes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH
4

; [ 74 - 8 2 - 8 ] Brunner , E . ; Maier , S . ; Windhaber , K 

( 2 )  Cyclohexane ; c6H12 : [ 110-8 2-7 ] J .  Phy s .  E :  198 4 .  1 7,  4 4 -8 . 

VARIABLES : 
T/K 3 4 4 . 3  PREPARED BY : 

= 311 . Q 1 
P t/MPa = 3 . 05 -18 . 3 2  H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature Total Mol Fraction Molar Volume 
Pressure 

t/ ° C T/K P t/MPa :x:l v /cm 3 mol- 1 
-- ---

3 7 . 8  311 . 0 0 . 0 2 1 4  0 110 . 5  
5 . 04 0 . 14 6 5  1 02 . 5  

10 . 9 5  0 . 3 0 4 1  9 3 . 1  
13 . 4 8 0 . 3 6 51 8 9 . 8 
16 . 15 0 . 42 8 9  8 7 . 0  

71 . 1  3 4 4 . 3  0 . 0 7 3 7  0 115 . 4  
3 . 05 0 . 0 8 14 111 . 4  
5 . 9 4 0 . 15 9 7  1 0 6 . 9  
8 . 95 0 . 2 3 5 7  1 0 2 . 5  

l l . 7 7  0 . 3 0 2 3  9 7 . 8  
15 . 57 0 . 3 9 2 9  9 3 . 5  
1 8 . 32 0 . 4 5 5 5  8 9 . 9  

The Kelvin temperatures were added by the compiler . 

The first l ine at each temperature gives the vapor pressure and 
molar volume of pure cyclohexane . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The measuring method consists in 
metering known masses of components 
1 and 2 into the measuring cell with 
continuous thorough stirring until a 
transition from the homogeneous to 
the heterogeneous state , or viae 
versa , is observed . 

The measuring cell i s  one o f  three 
specially constructed cells described 
in the paper . 

From the masses metered in and the 
temperature-corrected cell volume , 
the boiling point or the dew point 
as wel l  as the densities are obtained 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Messer-Griesheim. 

Purity stated to be 9 9 . 9  
percen t .  

( 2 )  Cyclohexane . BASF . Stated to 
be 9 9 . 9 9 percent purity . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1  
op/p = ± 0 . 0 0 2  

o:x:1 /:x:1 = ± 0 . 02 
= ± 0 . 02 ov/v 

The p vT data of Angus et a Z .  (ref l �
RE�FE�RE�N�CE�.S�:

--------------------------� 
was used . The average deviation o f  
the experimental bubble points and 1 .  Angus , S . ; Armstrong , B . ; de Reuc} 
molar volumes from the smoothed valu- Me than e . In t .  thermo tab Z e s  of t h£ 
es obtained by Reamer e t  a Z .  ( re f  2 )  fZuid state -5 1 9 7 8 ,  Pergamon . 
is less than 0 . 5  percent . 

2 .  Reamer , H . H . ;  Sage , B . H . ; Lacey , W . N .  
J .  Chern. Eng . Da ta 1 9 5 8 ,  3 ,  2 4 0 .  



Cycloalka nes 475 

COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4-82 -8 ] 
2 .  Hexane ; C6 H 1 � ; [ 1 1 0-54 - 3 ] 
3 .  Cycl ohexan e ;  C6 H1 2 ;  [ 1 1 0 - 8 2-7 ] 

VARIABLES : 
Temperature , pre ssure 

EXPERIMENTAL VALUES : 
T/K p p 

/kg em /MPa in 

2 7 3 . 1 5 5 0  4 . 9  0 . 2 3 0  
5 0  4 . 9  0 . 2 2 0  
5 0  4 . 9  0 . 2 0 5  

1 0 0  9 . 8  0 . 4 1 5  
1 0 0  9 . 8  0 . 3 9 5  
1 0 0  9 . 8  0 . 3 60  
150  1 4 . 7 0 . 5 9 5  
1 5 0  1 4 . 7  0 . 5 50 
1 5 0 1 4 . 7  0 . 50 0  
2 0 0  1 9 . 6  0 . 7 7 5  
2 0 0  1 9 . 6 0 . 7 0 9  
2 0 0  1 9 . 6  0 . 6 3 2  
2 1 0  2 0 . 6 0 . 8 6 0  
2 3 0  2 2 . 6  0 . 8 5 5  
2 5 0  2 4 . 5  0 . 8 0 0  
2 5 5  25 . 0  0 . 84 9  

2 9 3 . 1 5 5 0  4 . 9  0 . 2 0 3  
50  4 . 9  0 . 1 9 0 
5 0  4 . 9  0 . 1 70  

1 0 0  9 . 8  0 . 3 8 2  
1 0 0  9 . 8  0 . 3 5 8  
1 0 0  9 . 8  0 . 3 25  
1 50 1 4 . 7  0 . 5 4 5  
1 5 0  14 . 7  0 . 5 1 0  

ORIGINAL MEASUREMENTS : 

Ve l ikovskii , v .  S .  ; Stepanova , G .  S 
Vybornova , Ya . I .  
Gaz o v .  Prom. , 1 9 6 5 , 1 0 ( 6 ) , 4 5- 4 9 . 

PREPARED BY : 
c .  L.  Young 

Mol e  fractions 
l i quid in vapor 

0 . 5 6 0  0 . 2 1 0  0 . 9 9 6 9  0 . 0025  0 . 0 006  
0 . 3 4 7  0 . 4 3 3  0 . 9 9 7 6  0 . 0 0 1 4  0 . 0 0 1 0  
0 . 1 65  0 . 6 3 0  0 . 9 9 8 2  0 . 0 0 0 6  0 . 0 0 1 2  
0 . 4 3 0  0 . 1 5 5  0 . 9 9 3 5  0 . 0050  0 . 00 1 5  
0 . 2 70  0 . 3 3 5  0 . 9 9 4 5  0 . 0027  0 . 0028  
0 . 1 3 0  0 . 5 1 0  0 . 9 9 5 5  0 . 0 0 1 0  0 . 0035  
0 . 2 9 0  0 . 1 1 5  0 . 9 8 1 5  0 . 0 1 4 0  0 . 0045  
0 . 2 0 0  0 . 2 5 0  0 . 98 3 0  0 . 0080  0 . 0090  
0 . 1 0 0  0 . 4 0 0  0 . 9 8 4 0  0 . 0035  0 . 0 1 2 5  
0 . 1 5 5 0 . 07 0  0 . 92 6 0 0 . 0 5 4 0  0 . 02 0 0  
0 . 1 25  0 . 1 6 6  0 . 9 4 6 0  0 . 0260  0 . 0 2 8 0  
0 . 06 8  0 . 3 0 0  0 . 9 6 0 0  0 . 0080  0 . 0 3 2 0  
0 . 1 0 0  0 . 04 0  0 . 8 6 0 0  0 . 1 0 0 0  0 . 0400  
0 . 0 65  0 . 0 80  0 . 8 5 50 0 . 0 6 5 0  0 . 0800  
0 . 0 4 5  0 . 1 5 5  0 . 8 9 50 0 . 02 50 0 . 0 8 3 0  
0 . 0 3 3  0 . 1 1 8  0 .  8 4 9 0  0 . 0 3 3 0  0 . 1 1 8 0 
0 . 5 7 3  0 . 32 4  0 . 9 8 70 0 . 0080  0 . 0022  
0 . 3 5 5  0 . 4 5 5  0 . 9900  0 . 0055  0 . 0 045  
0 . 1 7 5  0 . 6 5 5  0 . 9 9 2 0  0 . 0027  0 . 0 053  
0 . 4 4 4  0 . 1 74 0 . 98 5 0  0 . 0 1 2 0 0 . 0030  
0 . 28 0  0 . 3 6 2  0 . 9 8 7 0  0 . 0 0 7 0  0 . 00 6 0  
0 . 1 3 0  0 . 5 4 5  0 . 98 9 0  0 . 0 0 3 0  0 . 0080  
0 . 3 1 0  0 . 1 4 5  0 . 9 7 5 0  0 . 0 1 9 0  0 . 0 0 6 0  
0 . 2 1 3  0 . 2 7 7  0 . 9 7 8 0  0 . 0 1 1 0 0 . 0 1 1 0  

AUXI LIARY INFORMATION 

METHOD APPARATUS /PROCEDURE : 
Detai l s  of method given in 
ref . ( 1 ) .  

SOURCE AND PURITY OF MATERIALS : 
1 .  Purity 9 8 . 5  mol e  per cent , 

1 . 5  mol e  per cent nitrogen . 
2 .  and 3 .  Purity checked by 

refractive index , density and 
boi l ing point . 

ESTIMATED ERROR: 

REFERENCES : 
1 .  Ve l ikovski , A. S . ; Pokrovskii , 

V .  K . ; Stepanova , G .  S . ; 
Rasamot , M .  S .  
Gaz o v .  P:room. , l 9 58  no . 1 0 . 



476 Cycloalkanes 

1 .  Methane ; CH 4 ; [ 7 4 - 8 2 - 8 ] Ve1 ikovski i ,  v .  s .  ; Stepanova , G .  1 • 

2 .  Hexane ; C 6H 1 4 ; [ 1 1 0 - 5 4 - 3 ] Vybornova , Ya . I .  
3 .  Cyc 1ohexane ; C bH 1 21  [ 1 1 0 - 8 2 - 7 ] Gaz o v .  Prom. , 1 9 65 , 1 0  ( 6 ) ,  4 5- 4 9 . 

T/K p p Mole f ractions 
/kg em /MPa in l i quid in vapor 

2 9 3 . 1 5 1 5 0 1 4 . 7 0 . 4 6 0  0 . 1 0 5  0 . 4 3 5  0 . 9 8 0 0  0 . 0 0 5 0  0 . 0 1 5 0  
2 0 0  1 9 . 6  0 . 72 0  0 . 2 0 0  0 . 0 8 0  0 . 93 8 0 0 . 04 60 0 . 0 1 60 
2 0 0  1 9 . 6 0 . 6 6 2  0 . 1 4 2  0 . 1 9 6  0 . 9 5 4 0  0 . 0 2 2 0  0 . 02 4 0  
2 0 0  1 9 . 6  0 . 5 9 0  0 . 0 8 0  0 . 3 3 0  0 .  9 5 7 0  0 . 0 1 00 0 . 0 3 3 0  
2 2 1  2 1 . 7  0 . 8 4 5  0 . 1 1 5  0 . 0 4 0  0 . 8 4 5 0  0 . 1 1 50 0 . 0 4 0 0  
2 3 8  2 3 . 3  0 . 8 3 7  0 .  0 7 2  0 . 0 9 1  0 . 8 3 7 0  0 .  0 7 2 0  0 . 09 1 0  
2 5 0  2 4 . 5  0 . 7 4 0  0 . 0 5 0  0 . 2 1 0  0 . 9 0 3 0  0 . 0 1 90 0 . 0 7 8 0  
2 6 2  25 . 7  0 . 8 2 8  0 . 03 8  0 . 1 3 4 0 . 82 8  0 . 03 80 0 . 1 3 4 0  

3 1 3 . 1 5  5 0  4 . 9  0 . 1 9 2  0 . 5 8 5  0 . 2 2 3  0 . 9 8 0 0  0 . 0 1 60 0 . 0 0 4 0  
5 0  4 . 9  0 . 1 8 0  0 . 3 6 0  0 . 4 6 0  0 . 9 8 30 0 . 0 0 9 5  0 . 0 0 7 5  
5 0  4 . 9  0 . 1 6 5  0 . 1 8 0  0 . 6 5 5  0 . 9 8 5 5  0 . 0 0 4 5  0 . 0 1 0 0  

1 0 0  9 . 8  0 . 3 6 0  0 . 4 6 0  0 . 1 8 0  0 . 9 7 7 0  0 . 0 1 8 0 0 . 00 5 0  
1 0 0  9 . 8  0 . 3 3 2  0 . 2 9 0  0 . 3 7 8  0 . 9 7 9 0  0 . 0 1 1 0 0 . 0 1 00 
1 0 0  9 . 8  0 . 3 0 0  0 . 1 5 0  0 . 5 4 0  0 . 9 8 1 0  0 . 0 0 5 0  0 . 0 1 4 0  
1 5 0  1 4 . 7 0 . 5 1 0  0 . 3 4 8  0 . 1 4 2  0 . 9 6 4 5  0 . 0 2 7 0  0 . 0 0 8 5  
1 5 0  1 4 . 7  0 . 4 7 5  0 . 2 2 5  0 . 3 0 0  0 . 96 6 0  0 . 0 1 70 0 . 0 1 70 
1 5 0  1 4 . 7 0 . 4 3 5  0 . 1 2 5  0 . 4 4 0  0 .  9 7 1 0  0 . 0 0 8 0  0 . 0 2 1 0  
2 0 0  1 9 . 6  0 . 66 5  0 . 24 0  0 . 0 9 5  0 . 9 3 0 0  0 . 0 5 2 0  0 . 0 1 80 
2 0 0  1 9 . 6  0 . 6 2 0  0 . 1 6 0 0 . 2 2 0  0 . 9 4 5 0  0 . 0 2 6 0  0 . 0 2 9 0  
2 0 0  1 9 . 6  0 . 56 7  0 . 0 9 0  0 . 3 4 3  0 .  9 5 2 0  0 . 0 1 20 0 . 0 3 6 0  
2 2 5  2 2 . 1  0 . 8 2 7  0 . 1 2 6  0 . 0 4 7  0 . 8 2 7 0  0 . 1 2 60 0 . 0 4 7  
2 3 0  2 2 . 6  0 . 6 5 0  0 . 0 7 2  0 . 2 7 8  0 . 92 70 0 . 0 1 60 0 . 0 5 7 0  
2 4 1  2 3 . 6  0 . 8 1 5  0 . 0 8 2  0 . 1 0 3  0 . 8 1 50 0 . 0 8 2 0  0 . 1 0 3 0  
2 6 2  25 . 7  0 . 80 9  0 . 04 2  0 . 1 4 9 0  0 . 8 0 9 0  0 . 04 2 0 0 . 1 4 9 0  

3 3 3 . 1 5 5 0  4 . 9  0 . 1 7 9  0 . 5 9 2  0 . 2 28  0 . 9 6 6 0  0 . 0 2 6 5  0 . 0 0 7 5  
5 0  4 . 9  0 . 1 6 0 0 . 3 6 6  0 . 4 7 4  0 . 96 9 0 0 . 0 1 6 0 0 . 0 1 5 0 
5 0  4 . 9  0 . 1 4 1  0 . 1 9 0  0 . 6 6 9  0 .  9 7 2 0  0 . 0 0 8 0  0 . 0 2 0 0  

1 0 0  9 . 8  0 . 3 3 8  0 . 4 7 6  0 . 1 9 1  0 . 96 3 5  0 . 0 2 8 0  0 . 00 8 5  
1 0 0  9 . 8  0 . 3 0 6  0 . 3 0 2  0 . 3 9 2  0 . 9 6 6 0  0 . 0 1 70 0 .  0 1 70 
1 0 0  9 . 8  0 . 2 7 7  0 . 1 6 5  0 . 5 5 8  0 . 9 6 95 0 . 0 0 8 5  0 . 0 2 2 0  
1 5 0 1 4 . 7  0 . 4 8 0  0 . 3 6 5  0 . 1 5 5  0 . 9 5 2 0  0 . 0 3 6 0  0 . 0 1 2 0  
1 5 0  1 4 . 7  0 . 4 4 9  0 . 2 3 5  0 . 3 1 6  0 .  9 5 6 0  0 . 0 2 2 0  0 . 02 2 0  
1 50 1 4 . 7  0 . 4 1 5  0 . 1 3 3  0 . 4 5 2  0 . 9 6 0 0  0 .  0 1 1 0  0 . 0 2 9 0  
2 0 0  1 9 . 6  0 . 6 4 5  0 . 2 5 0  0 . 1 1 0  0 . 9 1 6 0  0 . 0 6 1 0  0 . 02 3 0  
2 0 0  1 9 . 6  0 . 5 9 1  0 . 1 7 3  0 . 2 3 6  0 . 9 2 6 0  0 . 0 3 6 0  0 . 0 3 8 0  
2 0 0  1 9 . 6  0 . 5 4 5  0 . 1 0 0  0 . 3 5 5  0 . 9 3 60 0 . 1 6 0 0 .  0 4 8 0  
2 1 0  2 0 . 6 0 . 6 8 5  0 . 2 2 0  0 . 0 9 5  0 . 8 9 7 0  0 . 0 7 5 0  0 . 0 2 8 0  
2 1 0  2 0 . 6  0 . 6 2 6  0 . 1 5 7  0 . 2 1 7  0 . 9 1 70  0 . 0 4 0 0  0 . 0 4 30 
2 1 0  2 0 . 6  0 . 5 7 2  0 . 0 9 5  0 . 3 3 3  0 . 9 2 5 0  0 . 0 2 0 0  0 . 0 5 5 0  
2 2 3  2 1 . 9  0 . 80 5  0 . 1 4 0  0 . 05 5  0 . 8 0 5 0  0 . 1 4 00  0 . 0 5 5 0  
2 3 9  2 3 . 4  0 . 8 0 0  0 . 0 8 9  0 . 1 1 1  0 . 8 0 0 0  0 . 0 8 9 0  0 . 1 1 1 0  
2 5 9  25 . 4  0 . 7 9 5  0 . 04 5  0 . 1 6 0 0 . 79 5 0  0 . 04 5 0  0 . 1 6 00  



Ethane Including Ternary and Multicomponent Systems 

COMPONENTS : EVALUATOR: 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Ethene ; C2 H, ; [ 74-85- 1 ]  

EVALUATION : 

Colin L .  Young , 
School of Chemistry , 
University of Melbourne , 
Parkville , Victoria 3052 , 
Australia . 
March 1 9 8 2  

This system has been investigated by several workers .  The data of 
Mil ler , Kidnay and Hiza ( 1 )  are classified as recommended and cover the 
temperature range 150 to 1 9 0  K. These data are in good agreement with 
the less extensive data of Hsi and Lu ( 2 ) , the latter data are classified 
as tentative . The data of Volova ( 3 )  are in fair agreement with those 
of Miller e t  a L .  ( 1 )  but the isotherms at 143  K and 127 K are of 
questionable accuracy . The limited data of Sagara et a L .  ( 4 )  in the 
temperature range 198  to 2 4 8  K are not directly comparable with those of 
Miller e t  a L .  ( 1 )  but are classi fied as tentative . 

The data of Guter e t  a Z .  ( 5 )  are not considered here as the experi
mental data were presented in small graphical form and are rej ected . 

References 
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4 .  Sagara , H . ; Arai , Y . ; Saito , s .  
J .  Chern . Eng .  Japan , 19 7 2 ,  5 ,  3 3 9 . 
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478 Ethene I ncluding Terna ry and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Ethene ; C2 H 4 ; [ 7 4 - 85-1]  

VARIABLES :  

EXPERIMENTAL VALUES : 

T/K P/psi P/MPa {TjDF )  

148 . 1  3 0 . 5 0 0 . 2103  
{-193 . 1 ) 3 6 . 0 0 0 . 2 4 82 

4 2 . 10 0 . 2 9 0 3  
4 5 . 8 0 0 . 3 1 5 8  
4 5 . 5 5 0 . 3141 
5 9 . 9 0 0 . 4130  
6 0 . 20 0 . 4 151  
6 0 . 00 0 . 4 13 7  
6 5 . 3 5 0 . 4 5 0 6  
7 2 . 0 0 0 . 4 9 6 4  
7 1 . 8 5 0 . 4 9 5 4  
7 8 . 00 0 . 53 7 8  
79 . 2 5  0 . 54 6 4  
8 5 . 00 0 . 5 8 6 1  
8 7 . 0 0 0 . 5 9 9 8  
8 9 . 00 0 . 6136  
8 9 . 3 0 0 . 6157  
9 2 . 5 0 0 . 6 3 7 8  
9 9 . 0 5 0 . 6 8 2 9  

105 . 0 0 0 .  7 2 3 9  
114 . 8 0 0 . 7915  
123 . 1 3 0 . 8 4 9 0  

AUXILIARY 

METHOD/APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus 
constructed of 100 ml Jerguson 
gauge . 
Temperature measured using copper
constantan thermocouples . 
Pres sure measured with Bourdon gauge . 
Cell charged and vapor recirculated 
with magnetic pump for 2 or more 
hours . Samples o f  vapor and liquid 
removed at constant pressure and 
analysed using gas chromatography . 
Helium was used as a carrier gas . 

ORIGINAL MEASUREMENTS : 

Hsi , c . ; Lu , B .  c . -Y .  

Can .  J .  Chern . Eng . 

19 7 1 ,  4 9 , 14 0-1 43 . 
{Supplementary data) 

PREPARED BY : 

C .  L .  Young 

Mole fraction of  methane 
in liquid , in vapor , 

xCH 4 YcH4 

0 . 15 2 3  0 . 8 9 6 9  
0 . 17 9 8  0 . 9 0 7 0  
0 . 22 6 2  0 . 9 2 4 0  
0 . 2 4 1 9  0 . 9 2 9 4  
0 . 2 4 4 2  0 . 9374  
0 . 3 4 2 3  0 . 9510  
0 . 34 4 8  0 . 9 5 0 3  
0 . 34 8 3  0 . 9510  
0 . 4 0 0 4  0 . 9 5 5 3  
0 . 4 3 2 9  0 . 9 6 1 9  
0 . 4 3 5 9  0 . 9 5 9 3  
0 . 4 9 3 8  0 . 96 6 8  
0 . 5 0 3 4  0 . 9 6 9 0  
0 . 5522  o .  9716  
0 . 5 7 5 9  0 . 9 7 3 0  
0 . 5 8 1 2  0 . 9 6 9 4  
0 .  5 9 11 0 . 9 7 3 3  
0 . 6197  0 . 9 7 6 5  
0 . 6814  0 . 9 8 10 
0 . 7 4 8 3  0 . 9 8 3 2  
0 . 8194  0 . 9 8 9 4  
0 . 8 9 2 1  0 . 9 9 3 7  

{cont . )  

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson research grade , 
purity 9 9 . 99 mole per cent . 

2 .  Matheson research grade , 
purity 99 . 9 8 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 02 ;  
OxCH a. ' OyCH z. = 

REFERENCES : 

oP/MPa � ± 0 , 00 5 ;  
± 1% {estimated by 

compiler) . 



Ethene Including Ternary and M ulticomponent Systems 479 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

l .  Methane 1 CH� 1 [ 7 4 - 8 2 - 8 ] Hsi , C .  1 Lu , B .  C . -Y .  

2 .  Ethene 1 C 2 H 4 1 [ 7 4 - 8 5-1]  Can .  J .  Chern . Eng . 
1971 , 4 9 ,  140-14 3 .  
( Supplementary data) 

EXPERIMENTAL VALUES :  Mole fraction of methane 

T/K in liquid , in vapor , 

( TjO F)  P/psi P/MPa XCH 4 YcH4 

1 4 8 . 1  
( - 1 9 3 . 1 ) 1 3 6 . 3 0 0 . 9 3 9 8  0 . 9 851  0 . 9 9 7 5  

159 . 2  4 2 . 2 5 0 . 2 9 1 3  0 . 12 8 4  0 . 8 2 6 3  
( -173 . 1 )  4 7 . 0 0 0 . 3 2 4 1  0 . 14 6 9  0 . 8 4 0 2  

5 0 . 50 0 . 3 4 8 2  0 . 1 6 2 9  o .  8 5 7 2  
6 4 . 24 0 . 4 4 2 9  0 . 2153  0 . 8 9 3 0  
67 . 05 0 . 4 6 2 3  0 . 2 3 3 5  0 . 8 9 3 4  
7 6 . 8 0 0 . 5 2 9 5  0 . 2 7 2 6  0 . 9150  
8 6 . 76 0 . 5 9 8 2  0 . 3 1 6 3  0 . 9 2 0 2  
9 6 . 0 0 0 . 6 6 19 0 . 3 6 17 0 . 9 3 4 1  

104 . 50 0 .  7 2 0 5  0 . 4 0 7 3  o .  9 3 7 7  
115 . 25 0 . 7 9 4 6  0 . 4 6 3 4  0 . 94 9 0  
1 3 2 . 0 0 0 . 9 1 0 2  0 . 5 4 5 8  0 . 9 5 6 4  
14 5 . 00 0 . 9 9 9 7  0 . 6 2 1 0  0 . 9 6 6 6  
1 6 8 . 05 1 . 15 8 7  0 . 7 3 8 5  0 . 9 7 5 8  
1 8 0 . 8 0 l .  2 4 6 6  0 . 8 1 2 5  0 . 9 8 3 0  
1 8 5 . 0 0 1 .  2 7 5 5  0 . 8 32 5  0 . 9 8 5 0  
1 8 8 . 7 0 1 . 3 0 10 0 . 8 6 5 3  0 . 9 8 9 1  

1 6 8 . 7  2 8 . 4 1 0 . 1 9 5 9  0 . 0 4 0 8  0 . 5197 
( - 1 5 6 . 1 ) 3 5 . 0 0  0 . 2 4 1 3  0 . 0 5 5 7  0 . 6 0 10 

4 4 . 2 5 0 . 3 05 1  0 . 0 8 4 0  0 . 6 9 0 2  
4 8 . 00 0 . 3 3 0 9  0 . 0 9 1 9  o .  7 2 15 
4 7 . 5 5 0 . 3 2 7 8  0 . 0 9 3 8  0 . 7 1 9 4  
6 0 . 05 0 . 4 1 4 0  0 . 1 2 6 5  0 . 7 7 6 1  
6 1 . 3 0 0 . 4 2 2 6  0 . 1352  0 . 7 8 8 7  
7 5 . 4 2  0 . 5 2 0 0  0 . 17 1 9  0 . 8 1 6 5  
77 . 02  0 . 53 1 0  0 . 17 7 2  0 . 8 2 3 0  
93 . 01 0 . 6 4 1 3  0 . 2 30 2  0 . 8 6 3 1  
9 7 . 0 0 0 . 6 6 8 8  0 . 2 3 9 8  0 . 8 5 7 5  

110 . 0 0 0 . 7 5 8 4  0 . 2 8 11 0 . 8 7 8 4  
122 . 5 0 0 . 8 4 4 6  0 . 3 2 5 1  o .  8 97 2  
1 32 . 0 0 0 . 9101 0 . 3 5 5 3  0 . 9 0 7 0  
1 4 0 . 0 0 0 . 9 6 5 3  0 . 3 87 5  o .  9110  
145 . 6 9 1 .  0 04 5  0 . 4 0 8 0  0 . 92 3 7  
156 . 0 0 1 .  0 7 5 6  0 . 4 4 0 3  0 . 9 2 5 6  
16 0 . 2 7 1 . 10 5 0  0 . 4 5 7 0  0 . 9 3 0 0  
1 6 2 . 00 1 . 1170 0 . 4 617 0 . 9 2 9 4  
170 . 8 0 1 . 17 7 6  0 . 5 0 4 0  0 . 9 3 5 8  
176 . 50 1 .  2 1 6 9  0 . 5132  0 . 9 3 8 0  
1 8 5 . 0 0 1 . 2 7 5 5  0 . 5 4 5 0  0 . 94 3 0  
19 1 . 0 0  1 .  3 1 6 9  0 . 57 1 1  0 . 94 4 9  
195 . 0 0 1 .  3 4 4 5  0 . 58 4 3  0 . 9 4 7 9  
19 6 . 5 0 1 . 3 5 4 8  0 . 5 8 4 8  0 . 9 4 8 3  
2 0 6 . 0  1 .  4 2 0 3  0 . 6 1 9 2  0 . 9 5 1 8  
2 1 0 . 0  1 . 4 47 9  0 . 6 3 8 0  0 . 9 5 4 0  
2 0 9 . 5  1 .  4 4 4 5  0 . 6 4 3 0  0 . 9 6 2 1  
2 2 8 . 3  1 .  5 7 4 1  0 . 6 8 9 0  0 . 9 6 15 
2 27 . 8  1 .  5 7 0 6  0 . 7 0 4 2  0 . 96 0 8  
2 3 0 . 9  1 . 5 9 2 0  o .  7 2 2 5  0 . 9 6 5 4  
2 35 . 0 1 .  6 2 0 3  0 . 7 3 2 0  0 . 9 6 7 0  
2 35 . 0  1 . 6 2 0 3  0 . 7 3 2 7  0 . 97 0 0  
2 4 7 . 5  1 . 7 0 6 5  0 . 77 9 4  0 . 9 7 3 3  
2 5 0 . 0  1 .  7 2 3 7  0 . 7 8 6 0  0 . 9 7 5 0  
2 4 9 . 2  1 .  7 1 8 2  0 . 78 9 3  o .  9 7 7 6  
2 56 . 5  1 .  7 6 8 5  0 . 8 03 7  0 . 9 7 6 7  
2 6 0 . 1  1 .  7 9 3 3  0 . 8 3 3 0  0 . 98 5 0  
2 6 4 . 5  1 .  8 2 3 7  0 . 8 4 2 4  0 . 9 8 0 0  
2 7 1 . 5  1 . 8 7 1 9  0 . 8 6 4 8  0 . 9 8 5 6  
2 75 . 0  1 .  8 9 6 1  0 . 87 8 0  0 . 9 8 6 0  
2 80 . 3  1 .  9 3 2 6  0 . 8 816  0 . 9 8 4 1  
2 84 . 0  1 . 9 5 8 1  0 . 8 9 6 2  0 . 9 9 2 0  
2 93 . 0  2 . 0 2 0 2  0 . 9 2 5 0  0 . 9 9 1 4  
3 0 6 . 6  2 . 11 3 9  0 . 9 6 9 0  0 . 9 9 6 7  



480 Ethene Including Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

2 .  Ethene (Ethylene ) ;  C2 H 4 ; 
[ 7 4 - 8 5-1 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K PjMPa 

1 9 8 . 15 1 .  02  
2 . 03 
2 . 0 3 
4 . 0 3 

2 2 3 . 15 2 . 0 3 
4 . 05 
5 . 5 7 

2 4 8 . 15 3 . 04 
4 . 0 5 
4 . 5 6  
5 . 0 7 
6 . 08 

ORIGINAL MEASUREMENTS : 

Sagara , H . ; Arai , Y . ; Saito , s .  

J . Chern.  Engng . Japan 

1 9 7 2 , 5 ,  3 3 9 - 34 8 .  

PREPARED BY : 

c . L .  Young 

Mole fraction of methane 
in liquid , in gas , 

XCH4 YCH4 

0 . 1 0 7  0 . 6 2 3  
0 . 3 1 1  0 . 7 8 9  
0 . 3 1 2  0 . 79 9  
0 . 7 3 8  0 . 912  
0 . 12 3  0 . 4 4 3  
0 . 3 9 8  0 . 7 0 8  
0 . 616  0 . 7 6 4  
0 . 0 8 0 9  0 . 24 2  
0 . 172 0 . 3 8 5  
0 . 2 4 2  0 . 4 5 3  
0 . 2 8 4  0 . 4 7 8  
0 . 3 9 5  0 . 513  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static stainless steel cell of 
capacity 5 x 1 0 5 mm 3 fitted with 
magnetic stirrer and sampling valve s .  
Cell enclosed i n  cryostat . 
Temperature measured with thermo
couple . Pressure measured using 
Bourdon gauge . Gases added to 

cell and equilibrated. Samples 

of liquid and gas withdrawn and 
analysed using a gas chromatograph 
with thermal conductivity detector . 
Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Takachiho Chemical Industry Co . 
sample , purity 99 . 9  mole per cent . 

2 .  Takachiho Chemical Industry Co . 
Ltd . , sample purity 99 . 5  mole 
per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 01 ;  

oxCH4 ' 6YcH4 = ± l % . 

REFERENCES : 



Ethene Including Ternary and Multicomponent Systems 

COMPONENTS : 

1 .  Hethane ; CH 4 ;  [ 74 - 8 2 - 8 ]  

2 .  Ethene ; C 2H 4 ; [ 7 4 - 8 5-1]  

VARIABLES :  

Temperature ,  pressure 

EXPERIMENTAL VALUES : 

T/K 

1 5 0 . 00 1 .  5 4 7  
2 . 039  
3 . 03 5  
3 . 9 5 0  
5 . 0 22  
5 . 9 9 1  
7 . 02 
8 . 03 
9 . 0 3 

1 6 0 . 0 0 1 .  7 9 8  
3 . 0 5 5  
5 . 0 2 4  
6 . 9 4 
8 . 51 
9 . 9 7 

11 . 4 5 
12 . 9 2 
13 . 91 

170 . 0 0 2 . 0 2 8  
4 . 0 3 8  
6 . 03 4  
8 . 0 0 

METHOD /APPARATUS/PROCEDURE : 

ORIGINAL MEASUREMENTS : 

Miller , R . C . ; Kidnay , A . J . ; H i za , 
H . J .  

J .  Chern . Thermodynamics,  1 9 7 7 , 9 , 
1 67-17 8 .  

PREPARED BY : 

C . L .  Young 

�1ole fraction of methane 
in liquid , in vapor , 

xCH 4 YcH4 

0 . 0 8 4 8  0 . 8 3 3 8  
0 . 1237  0 . 8 7 8 3  
0 . 2 0 9 0  0 . 9 2 4 4  
0 . 2 8 9 6  0 . 9 4 5 5  
0 . 4 04 3  0 . 9 6 2 7  
o .  5118  0 .  9 7 2 0  
0 . 6 3 2 7  0 .  97 90  
0 . 7 5 8 0  0 . 9 8 5 9  
0 .  8 7 2 4  0 . 9 9 27 

0 . 0 5 5 9  0 . 6 9 5 2  
0 . 1 2 6 0  0 . 8 2 7 9  
0 . 2 3 9 1  0 . 9 0 3 2  
0 . 3 6 5 3  0 . 9 3 5 2  
0 . 4 7 5 5  0 . 9 53 7  
0 . 5 9 1 3  0 . 9 6 5 5  
0 .  7116  0 . 9 7 5 4  
0 . 8 1 5 6  0 . 9 8 3 7  
0 . 8 8 6 6  0 . 9 8 8 7  

0 . 0 3 2 8  0 . 4 81 5  
0 . 11 0 5  0 . 7 4 6 3  
0 . 1 9 5 1  o .  8 3 7 2  
0 . 2 811 0 . 8 8 4 2  

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

Vapor-recirculation system s imilar 
to that in ref . 1 and 2 .  Pressure 
measured with Bourdon gaug e ,  temper
ature measured with platinum 
resistance thermometer . S amples 

1 .  Purity 99 . 9 9 mole per cen t .  

2 .  Purity 99 . 9 8  mole per cent . 

of liquid and vapor analysed by gas 
chromatography . Detail s  in source . 

ESTIMATED ERROR: 

oT/K = ± 0 . 02 ;  oP/10 5Pa = ± 0 . 01 
up to 0 . 6  MPa ± 0 . 0 5 above 0 . 6  
MPa ;  oxCH4 , oyCH 4 = ± 0 . 001 . 

REFERENCES : 

481 

1 .  Duncan , A . G .  and Hiza , M . J . ; 
Adv .  Cryoge n .  Engng .  19 7 0 ,  1 5, 4 2  

2 .  H i za , M . J . ; Duncan,  A . G .  
Rev .  Sci . Ins t .  19 6 9 ,  4 0 , 513 . 



482 Ethene Including Ternary and Mu lticomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4-82-8 ]  Miller , R . C . ; Kidnay , A . J . ; 
Hiza , M . J .  

2 .  Ethene ; C 2H � ;  [ 7 4 - 8 5-1]  
J. Chern.  Thermodynamias,  19 7 7 ,  
9,  167-17 8 .  

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K P/10 5Pa in liquid , in vapor , 
xCH � YcH� 

170 . 0 0 10 . 01 0 . 37 7 8  0 . 9 1 2 8  
12 . 17 0 . 4 87 2  0 . 9 3 3 9  
14 . 0 7 0 . 5 8 5 9  0 . 9 4 8 9  
16 . 01 0 . 6897  0 . 9612  
1 8 . 0 0 0 . 7 891 0 .  9 7 2 8  
1 8 . 03 0 . 7 9 1 8  0 . 97 4 0  
19 . 9 6 0 . 87 9 7  0 . 9 8 40  

1 8 0 . 00  3 . 227  0 . 0 4 0 0  0 . 4 3 4 0  
4 . 3 06 0 . 0706  0 . 5794  
6 . 101 0 . 1251  0 . 7 0 6 5  
8 . 11 0 . 1 8 7 9  0 . 7 8 1 6  

11 . 9 9 0 . 3193 0 . 8 5 8 9  
16 . 17 0 . 4 7 0 3  0 . 9 0 5 9  
2 0 . 3 0 0 . 6155  0 . 9 3 19 
24 . 03 0 . 7 5 8 6  0 . 9 5 5 2  
27 . 26 0 . 8 6 2 8  o .  9 7 1 6  

190 . 0 0 4 . 323 0 . 0 2 9 7  0 . 3123  
6 . 1 8 2  0 .  0723  0 . 5207  
7 . 9 8 0 . 1162  0 . 6 2 9 0  

10 . 11 0 . 1 6 9 5  0 .  7 1 1 0  
15 . 1 2 0 . 3025  0 . 814 6 
19 . 91 0 .  4411  0 .  8671  
25 . 1 6 0 . 5 8 2 6  0 . 9 0 2 8  
29 . 9 9 0 . 7050  0 . 9 2 8 9  
37 . 2 0 0 .  87 8 3  0 . 9 6 2 3  



Ethane Including Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  Ethene ; C2 H 4 ; [ 74 - 8 5 - 1 ]  

3 .  Ethane ; C 2 H 6 ; [ 74 - 8 4 - 0 ]  

Hsi , C . ; Lu , B .  C . -Y .  

Can .  J .  Chern . Eng . 

1971 , 4 9 , 140-1 4 3 . 

( Supplementary data) 
VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES :  
T/K = 1 5 9 . 2  (T/ ° F  = -173 . 1 )  

Mole fraction 
P/psi P/MPa in liquid in vapor 

XCH4 XC 2 H 4  XC2 H 6 YcH4 Yc 2 H 4  Yc 2 H 6 

3 8 . 14 
6 0 . 4 3 
8 4 . 31 

102 . 00 
110 . 00 
12 7 . 97 
1 4 7 . 0 3 
162 . 8 9 

3 8 . 0 0 
5 9 . 90 
8 5 . 3 3  

104 . 9 5 
127 . 25 
136 . 2 9 

.38 . 7 0  
6 4 . 42 
8 6 . 7 0 

1 0 3 . 00 
1 2 3 . 00 
1 4 3 . 43 

3 6 . 00 
6 0 . 19 

0 . 2 6 3 0  
0 . 4 1 6 7  
0 . 5 8 1 3  
0 . 7 0 3 3  
0 . 7 5 8 4  
0 . 8 8 2 3  
1 .  0137  
1 . 12 3 1  
0 . 2 6 2 0  
0 . 4 1 3 0  
0 . 58 8 3  
0 . 7 2 3 6  
o .  8 7 7 4  
0 . 9 3 9 7  
0 . 2 6 6 8  
0 . 4 4 4 2  
0 . 5 9 7 8  
0 . 7102  
0 . 84 8 1  
0 . 98 8 9  
0 . 24 8 2  
0 . 4 1 5 0  

0 . 12 4 0  
0 . 2 1 5 0  
0 . 3147 
0 . 4 0 5 8  
0 . 4 5 17 
0 . 5 3 6 7  
0 . 6 3 7 8  
o.  7 2 3 0  
0 . 12 4 1  
0 . 2 2 0 0  
0 . 3 3 1 3  
0 . 4 2 4 1  
0 . 5 3 9 9  
0 . 5 8 7 8  
0 . 1 2 9 7  
0 . 24 19 
0 . 3 3 8 2  
0 . 4 1 3 6  
0 . 5 1 3 8  
0 . 6 2 5 5  
0 . 11 9 6  
0 . 2179  

0 . 6 8 12 
o .  6116  
0 . 5 1 8 5  
0 . 4 5 7 8  
0 . 4 1 6 1  
o.  3 5 7 2  
0 . 28 4 0  
0 . 2 1 6 3  
0 . 5 7 7 5  
0 . 5 1 8 9  
0 . 4 4 2 2  
0 . 3 8 0 3  
0 . 2 9 8 6  
0 . 2 7 0 6  
0 . 4 3 5 6  
0 . 3 8 12 
0 . 3 2 8 0  
0 . 2 9 8 1  
0 . 2 4 9 9  
0 . 1911 
0 . 18 4 4  
0 . 16 9 3  

0 . 19 4 8  
0 . 17 3 4  
0 . 16 6 8  
0 . 1 3 6 4  
0 . 1 3 2 2  
0 . 1 0 6 1  
0 . 07 8 2  
0 . 0 6 07 
0 . 2 9 8 4  
0 . 2 6 11 
0 . 2 2 6 5  
0 . 1 9 5 6  
0 . 1 6 1 5  
0 . 14 1 6  
0 . 4 3 4 7  
0 . 3 7 6 9  
0 . 3 3 3 8  
0 . 2 8 8 3  
0 . 2 3 6 3  
0 . 18 3 4  
0 . 6 9 6 0  
0 . 6 1 2 8  

0 . 8 2 0 3  
0 . 8 9 0 5  
0 . 9 2 5 1  
0 . 9 4 0 1  
0 . 9 5 0 4  
0 . 9 5 9 6  
0 . 9 7 2 2  
o .  9 7 7 7  
0 . 8 2 6 8  
0 . 8 9 6 6  
0 . 9 3 0 6  
0 . 9 5 0 5  
0 . 96 2 3  
0 . 9 6 6 0  
0 . 8 516  
0 . 9 1 2 2  
0 . 9 3 8 9  
0 . 9 5 2 0  
0 . 9 6 3 8  
0 . 974 8 
0 . 8 7 8 7  
0 . 9 2 8 2  

0 . 15 7 2  
0 . 0 9 5 7  
0 . 0 6 4 7  
0 . 0 5 2 8  
0 . 0 4 3 0  
0 . 0 3 5 6  
0 . 0 2 4 6  
0 . 02 0 1  
0 . 1 4 3 7  
0 . 0 8 3 0  
0 . 0 5 6 5  
0 . 04 0 6  
0 . 03 0 2  
0 . 0 2 8 0  
0 . 10 8 6  
0 . 0 6 1 1  
0 . 0 4 2 0  
0 . 03 4 1  
0 . 02 6 0  
0 . 01 8 0  
0 . 0 5 2 9  
0 . 0 3 1 4  

( cont . )  

0 . 0 2 2 5  
0 . 04 4 8  
0 . 0 1 0 2  
o .  0 0 7 1  
0 . 0 0 6 6  
0 . 0 0 4 8  
0 . 0 0 3 2  
0 . 0 0 2 2  
0 . 0 2 9 5  
0 . 02 0 4  
0 . 0 1 2 9  
0 . 0 0 8 9  
0 . 0 0 7 5  
0 . 0 0 6 0  
0 . 03 9 8  
0 . 0 2 6 7  
0 . 0191 
0 . 0 1 3 9  
0 . 0 1 0 2  
0 . 0 0 7 2  
0 . 0 6 8 4  
0 . 0 4 0 4  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus 

constructed of 1 0 0  ml Jerguson 
gauge . 
Temperature measured using copper

constantan thermocouple s .  
Pressure measured with -Bourdon gauge . 
Cell charged and vapor recirculated 
with magnetic pump for 2 or more 
hours . Samples of vapor and liquid 
removed at constant pressure and 
analysed using gas chromatography . 
Helium was used as a carrier gas . 

SOURCE AND PURITY OF MATERIALS : 

1 ,  2 ,  3 .  Matheson research grade 
samples , purities 99 . 9 9 mole 

per cent , 9 9 . 9 8 mole per cent 

and 99 . 9  mole per cent , 
respectively . 

ESTIMATED ERROR: 

OT/K = ± 0 . 02 ;  o P/MPa � ± 0 . 0 0 5 ; 
ox , oy = ± 1% (estimated by 

compi ler) . 

REFERENCES : 
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484 Ethene Including Ternary and Multicomponent Systems 

COMPONENTS :  ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ]  Hsi , c . : Lu , B .  c . -Y .  

2 .  Ethene ; C 2. H 4 ; [ 74-85-1]  Can .  J .  Chern . Eng . 

3 .  Ethane ; C 2.H s ; [ 74-84-0 ]  197 1 ,  4 9 ,  140-1 4 3 . 

{Supplementary datal 

EXPERIMENTAL VALUES : 

T/K = 1 5 9 . 2  {TjOF = -17 3 . 1 ) 

Mole fraction 
P/psi P/MPa in liquid in vapor 

xCH 4 XC 2.H ,. XC 2. H 6 YcH ,. Yc 2.H4  Yc2.H s 

8 0 . 00 0 . 5 5 16 0 . 3040  0 . 14 5 3  0 . 5507  0 . 9 5 0 6  0 . 0215  0 . 0 2 7 9  
1 0 0 . 86 0 . 6954  0 . 39 9 0  0 . 12 6 2  0 . 4 74 8 0 . 9 6 3 7  0 . 0161  0 . 0202  
121 . 08 0 . 8 3 4 8  0 . 5027  0 . 1 066  0 . 3 9 0 7  0 .  9 7 2 5  0 . 0117 0 . 0158  
141 . 22 0 . 9 7 3 7  0 . 6051  0 . 0 8 1 4  0 . 3135  0 . 9810  0 . 0 0 7 7  0 . 9 8 8 7 
154 . 16 1 .  0 6 2 9  0 . 6761  0 . 0 6 6 1  0 . 2 5 7 8  0 . 9 8 3 9  0 . 0061  0 . 0100  

5 8 . 5 6 0 . 4 0 3 8  0 . 2127  0 . 2 3 8 8  0 . 5 4 8 5  0 . 9151 0 . 0 4 4 5  0 . 0404  
7 3 . 50 0 . 5 0 6 8  0 . 2 7 8 2  0 . 2101  0 . 5117 0 . 9 3 9 8  0 . 0 319 0 . 0341  
90 . 62 0 . 62 4 8  0 . 3 5 7 4  0 . 1910  0 . 4 516 0 . 9 5 4 0  0 . 0 2 4 3  0 . 0217 

105 . 00 0 . 72 3 9  0 . 4 2 2 8  0 . 1 7 3 2  0 . 4 0 4 0  0 . 9 6 2 9  0 . 0 2 0 4  0 . 0167  
117 . 21 0 . 8 0 8 1  0 . 4 8 6 7  0 . 15 7 5  0 . 3 5 5 8  0 . 9 6 8 7  0 . 0174  0 . 0139  
130 . 00 0 . 8 9 6 3  0 . 5 5 3 5  0 . 1371  0 . 3 0 9 4  0 . 9 7 4 7  0 . 0140  0 .  0113  
150 . 35 1 .  0366  0 . 6 5 8 7  0 . 1 056  0 . 2357  0 . 9 8 0 4  0 . 0108  0 . 0 0 8 8  

33 . 95 0 . 2 341  0 . 1143  0 . 2 4 5 6  0 . 6 401  0 . 8 5 51 0 . 0 7 5 4  0 . 0 6 9 5  
54 . 22 0 . 3 7 3 8  0 . 19 7 3  0 . 2 2 1 8  0 . 5 8 0 9  0 . 9 1 3 9  0 . 0 4 5 1  0 . 0410 
73 . 7 8  0 . 5 0 8 7  0 .  2 7 7 0  0 . 2 0 6 0  0 . 5170  0 . 9 3 8 3  0 . 0333  0 . 0 2 8 4  
8 9 . 75 0 . 61 8 8  0 . 3 5 2 6  0 . 1 8 27 0 . 4 6 4 7  0 . 9 5 6 3  0 . 0233  0 . 0204  

111 . 95 0 .  7719  0 . 4 5 8 8  0 . 1 5 7 1  0 . 3 8 4 1  0 . 9 6 5 8  0 . 0184  0 . 0158  
130 . 22 0 . 8 9 7 8  0 . 5 5 1 8  0 . 12 8 1  0 . 3 201  0 .  9720  0 . 0149  0 . 0131  



Ethane I ncluding Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; 

3 .  2-Methylpropane ; 
[ 7 5 - 2 8 - 5 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 

310 . 9 3 
( 3 7 . 7 8 )  

3 4 4 . 2 6 
( 7 1 . 1 1 )  

3 1 0 . 93 
( 37 . 7 8 )  

34 4 . 2 6  
( 7 1 . 11 ) 

P/MPa 
(P/atm) 

3 . 4 4 7  
( 3 4 . 02 )  

3 . 4 47  
( 3 4 . 02 )  

6 . 8 9 5  
( 6 8 . 05 )  

6 . 8 9 5  
( 6 8 . 05 )  

[ 74 - 8 2-8 ] 

[ 7 4 - 8 5 - 1 ]  

C 4 H 1 0 ; 

0 . 12 5 3 
0 . 06 9  
0 . 03 9  
0 . 0 0 0  
0 . 0 8 3  
0 . 0 5 6 5 
0 . 0 3 0  
0 . 0 0 0  
0 . 2 8 4  
0 . 2 5 2  
0 . 215 s 
0 . 18 9  
0 . 15 7 5 
0 . 217 5 
0 . 15 9  
0 . 113 5 

in liquid 

XC 2 H 4  

0 . 12 4 s 
0 . 2 7 9  
o .  3 7 2  
0 . 4 9 7  
0 . 07 8  
0 . 15 0  
0 . 215 
0 . 2 9 6  
0 . 17 0 5  
0 . 2 7 0  
0 . 3 8 3 5  
0 . 4 6 2  
0 . 56 3  
0 . 18 1  
0 . 3 3 4  
0 . 4 5 8 5  

Benedict , M . ; Solomon , E . ; 
Rubin , L .  c .  
Ind.  Eng . Chem . 

1945 , 3 7 , 5 5 -5 9 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction 

0 . 7 5 2  0 . 57 6 s  0 . 2 2 4  O . l9 9 s  
0 . 6 5 2  0 . 3 35 s 0 . 4 8 l s  0 . 1 8 3  
0 . 5 8 9  0 . 18 7 s  0 . 6 4 0  0 . 17 2 s 
0 . 5 03  0 . 0 0 0  0 . 8 4 0 s  0 . 15 9 s  

0 . 8 3 9  0 . 4 1 8  0 . 16 3 5  0 . 41 8 s  
0 . 7 9 3 s  0 . 26 9  0 . 3 2 5 s  0 . 4 0 5 s 
0 . 7 5 5  0 . 14 8  0 . 4 5 8 s 0 . 3 93 s 
0 . 7 0 4  0 . 00 0  0 . 6 2 4  0 . 3 7 6  

0 . 54 5 5 0 . 6 5 7  0 . 18 7  0 . 15 6  
0 . 3 8 3 5  0 . 5 5 2  0 . 2 9 7  0 . 151  
0 . 4 0 1  0 . 4 3 4  0 . 42 0 s  0 . 14 5 s  
0 . 3 4 9  0 . 35 7 5 0 . 50 0  0 . 14 2 s  
0 . 2 7 9 s 0 . 2 5 7  0 . 6 0 3 s O . l3 9 s  

0 . 6 0 15 0 . 4 5 9  0 . 2 2 9 5  0 .  311 s 
0 . 5 07 0 . 2 8 3  0 . 4 0 8  0 . 3 0 9  
0 . 4 2 8  O . l6 2 s  0 . 5 1 7 5  0 . 32 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell . Complete 

gas and liquid phases removed by 
mercury injection . Gas and liquid 
samples analysed by determination 

of gas density and mole per cent 
of olefins present . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample dried and carbon 
dioxide removed by passage over 
Ascarite and Drierite . Mass 
spectrometry revealed 0 . 35 mole 
per cent ethane . 

2 .  Anesthesia grade , purity about 
9 9 . 5  mole per cent . 

3 .  Phillips Petroleum sample , 
purity better than 9 9  mole 
per cent . 

ESTIMATED ERROR: 

REFERENCES : 

485 



486 Ethene Including Ternary and Multicomponent Systems 

COMPONENTS : 
1 .  Methane � CH 4 �  [ 74-8 2-8 ] 
2 .  Ethene � C 2 H 4 � [ 74-85-1]  
3 .  2-Methylpropane�  C 4 H 1 o 1 

[ 7 5-28-5 ]  
4 .  Hexadecane � C 1 5 H 3 4 �  [ 5 44-76-3]  

VARIABLES : 

Temperature , pre ssure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Solomon , E .  

Chern.  Eng .  Progr . Syrnp . Ser . No . 3 

1952 , 4 8 , 93-9 7 . 

PREPARED BY : 
c .  L .  Young 

1 MPa = 14 5 . 0 4 psi 

Mole frac tions 
in liquid in gas 

P/psi �CH 4 �C 2H4  �C4H 1 o xC 1 5 H 3 4 YcH 4 Yc 2H4  Yc 4 H 1 o 

31 0 . 9 3 
( 1 0 0 )  
377 . 5 9 

( 2 2 0 )  

500 
500 
500 
500 
500 

1000  

0 . 03 5  
0 . 04 9 5  
0 . 09 5  
0 . 0 2 4 5  
0 . 029  
0 . 13 2  

0 . 328  0 . 3 7 3  
0 . 30 6 5  0 . 2 3 2  
0 . 07 4 5  0 . 019  
0 . 19 7 5  0 . 1 8 0 5  
0 . 2225  0 . 1035  
0 . 2125  0 . 1525  

0 . 2 64  0 . 2 305 0 . 6 6 7  0 . 1 025  
o .  4 1 2 0 . 3225  0 . 6 17 0 . 0 6 0  
0 .  8 1 1 5  0 . 7 5 9 5  0 . 2135  0 . 009  
0 . 5 9 7 5  0 . 2195  0 . 6 54  0 . 1 265  
0 . 6 4 5  0 . 2 18 0 . 7 0 8  0 . 074 
0 . 5 0 3  0 . 5 2 3 5  0 . 4 0 0  0 . 0765  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Static equilibrium cell . Complete 
gas and liquid phases removed by 
mercury injection . Gas sample 
analysed by determination of gas 
density and mole per cent of olefins 
present . Light hydrocarbons 
stripped from liquid phase in 
debutanization still leaving heavy 
hydrocarbon . Liquid hydrocarbons 
analysed by same method as gas 
samples . Details in source and 
ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample dried and carbon 
dioxide removed by pas sage over 
Ascarite and Drierite . Mass 
spectro scopy revealed 0 . 3 5 mole 
per cent ethane . 

2 .  Anesthe sia grade , purity about 
99 . 5  mole per cent . 

3 .  Phillips Petroleum sample , 
purity better than 9 9  mole per 
cent . 

4 .  No details given . 

ESTIMATED ERROR: 

oT/K = ±0 . 02 ;  oP/P = ±0 . 1 % �  
ox , oy = ± o . o ols . 

REFERENCES : 
1 .  Benedict ,  M. � So lomon , E . � 

Rubin , L .  c .  
Ind.  Eng.  Chern . 

19 4 5 ,  3 7 ,  5 5 .  



Ethene Including Ternary and Multicomponent Systems 487 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ] Solomon , E .  

2 .  Ethene ; C 2H 4 ; [ 74 - 8 5 - 1 ]  

3 .  2-Methylpropane ; C 4 H 1 o i 
[ 7 5 - 2 8 - 5 ]  

Chern.  Eng . Progr . Syrnp . Ser.  No . 3 

19 5 2 ,  4 8 , 93-9 7 .  

4 .  tq������fclohexy l ;  C 1 2 H 2 2 i 

VARIABLES :  PREPARED BY : 

Temperature , pressure C .  L .  Young 

EXPERIMENTAL VALUES : 
1 MPa = 14 5 . 0 4 psi 

Mole fractions 
in liquid in gas 

xCH4 XC 2 H 4  xC 4 H 1 o xC 1 2H 2 2  YcH4 Yc 2 H 4  Yc 4 H 1 o T/K P/psi 
( T / ° F )  

310 . 9 3 5 0 0  0 . 04 9 5  0 . 19 8 5  0 . 1 52  0 . 6 0 0  0 . 4 3 4  0 . 5 1 8  0 . 04 8  
( 10 0 )  5 0 0  0 . 0 5 5  0 . 2 2 4  0 . 4 2 5 0 . 2 9 6  o .  3 7 2 5  0 . 5 0 4 5  0 . 12 3  
3 7 7 . 59 5 0 0  0 . 0 2 3 5  0 . 1 3 8 5  0 . 12 6 5  o .  7115 0 . 2 6 3 5  0 . 6 1 9 5  0 . 117 

( 2 2 0 )  5 0 0  0 . 0 3 5  0 . 1 0 2 5  0 . 15 9  0 . 7 0 3 5  0 . 4 0 0 5  0 . 4 5 8 5  0 . 14 1  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell . Complete 
gas and liquid phases removed by 
mercury inj ection . Gas sample 
analysed by determination of gas 
density and mole per cent of olefins 
present . Light hydrocarbons 
stripped from liquid phase in 
debutani zation sti ll leaving heavy 
hydrocargon . Liquid hydrocarbons 
analysed by same method as gas 
samples . Details in source and 
ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample dried and carbon 
dioxide removed by passage over 
Ascarite and Drierite . Mass 
spectroscopy revealed 0 . 3 5 mole 
per cent ethane . 

2 .  Anesthesia grade , purity about 
99 . 5  mole per cent . 

3 .  Phillips Petroleum sample , 
purity better than 99 mole per 
cent . 

4 .  No details given . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 2 ;  oP/P = ± 0 . 1% ;  

ox , oy = ± o . o o l 5 . 

REFERENCES : 

1 .  Benedict ,  M . ; Solomon , E . ;  
Rubin , L .  c .  

Ind .  Eng .  Chern . 

194 5 ,  3 ? ,  5 5 .  



488 Ethene Including Ternary and Multicomponent Systems 

COMPONENTS : ORIGINAL MEAS UREMENTS : 
1 .  Methane ; CH , ;  [ 74 - 8 2-8 ] So lomon , E .  
2 .  Ethene ; C2H4 ; [ 74-8 5-1] Chern. Eng . Progr . Syrnp . Ser. No . 3 
3 .  2-Methylpropane; C 4H 1 o ; 

[ 7 5-28-5 ] 
4 .  Methylnaphthalene ; C 1 1H 1 o ; 

[ 1 321-94- 4 ]  

1952 , 4 8 , 93- 9 7 .  

VARIABLES : PREPARED BY : 

Temperature , pressure C. L .  Young 

EXPERIMENTAL VALUES : 
1 MPa = 145 . 0 4 psi 

Mole fractions 
T/K in liquid in gas 

( T/ °F)  P/psi xCH4 XC 2H 4  xC4H 1 o  xC 1 1 H 1 o  YcH , Yc 2 H4  

310 . 9 3 500  0 . 0 4 0 5  0 . 0 7 9  0 . 203 0 . 6775  0 . 6 3 2  0 . 26 5  
( 1 0 0 )  500  0 . 0 3 9 5  0 . 141 0 . 28 7  0 . 5325  0 . 4 5 7  0 . 4 15 5  
3 7 7 . 59 5 0 0  0 . 013 0 . 1065  0 . 06 8  0 . 8125  0 . 24 5 5  0 . 6 4 9  
( 2 2 0 )  5 0 0  0 . 0215  0 . 0 8 2  0 . 0 6 0  0 . 8365  0 . 39 4 5  0 . 5 0 8 5  

5 0 0  0 . 0 23 0 . 07 5  0 . 10 8 5  0 . 7935  0 . 3 9 0 5  0 . 4 4 1  
1000  0 . 0 635  0 . 0 9 6 5  0 . 19 8  0 . 6 4 2  0 . 514 0 . 2 9 7 5  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATE RIALS : 

Yc, H l o 

0 . 1 0 3  
0 . 12 7 5  
0 . 1 055 
0 . 0 9 7  
0 . 16 8 5  
0 . 18 8 5  

Static equilibrium ce ll . Complete 1. Crude sample dried and carbon 
dioxide removed by passage over 

gas and liquid phases removed by 
mercury inj ection . Gas sample 
analysed by determination of gas 
density and mole per cent of olefins 
present . Light hydrocarbons 
stripped from liquid phase in 
debutani zation still leaving heavy 
hydrocarbon . Liquid hydrocarbons 
analysed by same method as gas 
samples . Detai ls in source and 
ref . ( 1 ) . 

Ascarite and Drierite . Mass 
spectroscopy revealed 0 . 3 5 mole 
per cent ethane . 

2 .  Anesthe sia grade , purity about 
99 . 5  mole per cent . 

3 .  Phi ll ips Petroleum sample , 
purity better than 9 9  mole per 
cent . 

4 .  No details given . 
ESTIMATED ERROR: 

cT/K = ±0 . 0 2 ;  cP/P = ±0 . 1% ;  
ox , oy = ± o . ool 5 .  

REFERENCES : 

1 .  Benedict ,  M . ; Solomon , E . ; 
Rubin , L .  c .  
Ind .  Eng . Chern.  

19 4 5 ,  3 '1 ,  5 5 .  



Ethene Including Ternary and Multicomponent Systems 489 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4-8 2-8 ] Solomon , E .  

2 .  Ethene ; C 2H� ; [ 7 4 - 8 5-1]  Chern.  Eng . Progr . Syrnp . Ser.  No . 3 
3 .  2-Methylpropane ; C�H 1 o 1 

[ 75-2 8-5 ] 195 2 ,  4 8 , 9 3-9 7 .  

4 .  Gas oil 

VARIABLES : PREPARED BY : 

Temperature , pressure c . L .  Young 

EXPERIMENTAL VALUES : 1 MPa = 14 5 . 0 4 psi 
Mole fractions 

T/K in liquid in gas 

(T/ ° F )  P/psi XCH� XC2H�  xC�H 1 o  xGas oil YcH� Yc 2H�  Y c 4H 1 o 

310 . 9 3 5 0 0  0 . 0 7 8 5  0 . 19 5 5  0 . 17 7 5  0 . 5 4 8 5  0 . 5 5 1 5  0 . 4 0 2  0 . 0 4 6 5  
( 1 0 0 )  5 0 0  0 . 0 9 4 5  0 . 12 5  0 . 6 9 6 5  0 . 0 8 4  0 . 52 1  0 . 3 0 2  0 . 17 7  

37 7 . 59 5 0 0  0 . 06 0  0 . 12 2 5  0 . 14 2 5  0 . 6 7 5  0 . 4 9 4  0 . 4 0 15 0 . 10 4 5  
( 2 2 0 )  5 0 0  0 . 0 5 8  0 . 10 6  0 . 2 4 7 5  0 . 58 8 5  0 . 4 57 0 . 3 5 2  0 . 19 1  

1 0 0 0  0 . 1 0 5 5  0 . 211 0 . 1 92  0 . 4 9 15 0 . 4 7 3  0 . 4 2 2  0 . 10 5  

Properties o f  Gas oil : Distillation EroEerties op 

Initial boiling point 4 4 7  
5 %  579  Percentage 

10 5 8 2  recovery 9 8 . 0  
2 0  5 9 0  
30  596  Percentage 
4 0  6 0 4  residue 1 . 8· 
50  6 1 2  
6 0  6 2 3  Percentage 
7 0  6 4 2  loss 0 . 2  
8 0  6 6 4  
9 0  7 0 0  Molecular 
9 5  7 3 4  weight 2 7 5  

End point 7 4 6  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cel l .  Complete 

gas and liquid phases removed by 
mercury injection . Gas sample 
analysed by determination of gas 
density and mole per cent of olefins 
present . Light hydrocarbons 
stripped from liquid phase in 
debutanization still leaving heavy 

hydrocarbon . Liquid hydrocarbons 
analysed by same method as gas 
samples . Details in source and 

ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample dried and carbon 
dioxide removed by passage 
over Ascarite and Drierite . 
Mass spectroscopy revealed 0 . 35 
mole per cent ethane . 

2 .  Anesthesia grade , purity about 
99 . 5  mole ' per cent . 

3 .  Phillips Petroleum sample , 
purity better than 9 9  mole per 
cent . 

4 .  Details given above . 
ESTIMATED ERROR: 

oT/K = ± 0 . 0 2 ;  oP/P = ± 0 . 1% ;  

ox , oy = ± o . o ol5 . 

REFERENCES : 

1 .  Benedict ,  M . ; Solomon , E . ;  
Rubin , L .  C .  
Ind . Eng .  Chern . 

19 4 5 ,  3 7 ,  5 5 .  



490 Ethane Including Ternary and Multicomponent Systems 

COMPONENTS : 
1 .  Methane ; CH4 ; [ 7 4-8 2-8 ] 
2 .  Ethene ; C 2 H4 ; [ 7 4-85-1]  
3 .  2-Methylpropane; C4H 1 o i  

[ 75-2 8 - 5 ]  
4 .  Hydroformer Still Bottoms 

VARIABLES : 

Temperature , pre ssure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Solomon , E .  

Che rn .  Eng . Progr . Syrnp . S e r .  No . 3 

1952 , 4 8 , 93- 9 7 .  

PREPARED BY : 

C .  L .  Young 

lMPa = 1 4 5 . 04 psi 
Mole fractions 

in liquid in gas 
T/K P/psi xCH4 XC 2H4 xC 4 H 1 o xHSB 11cH4 Yc 2H 4  Yc 4 H1 o ( T / ° F )  

3 7 7 . 5 9 500  0 . 0255  0 . 0 8 9  0 . 0 52 0 . 8 3 3 5  0 . 4 0 7 5  0 .  5115 0 . 0 81  
( 2 2 0 )  5 0 0  0 . 02 8 5  0 . 0 6 3  0 . 1 385  o .  770  0 . 4 4 0  0 . 352  0 . 2 08 

1000  0 .  071 0 . 07 0  0 . 17 4  0 . 6 8 5  0 . 5 9 8  0 . 2 24 0 . 17 8  

HSB - Hydroformer Still Bottoms 
Properties of Hydroformer Still Bottoms : 

Distillation properties 
Initial boi ling point 

5 %  
10 
20 
30 
4 0  
5 0  
6 0  
7 0  
8 0  
9 0  
9 5  

End point 

5 5 3  
5 8 4  
5 9 3  
6 0 3  
6 1 1  
6 2 0  
6 2 9  
6 4 3  
6 5 9  
6 8 3  
7 2 7  
7 5 6  
7 6 0  

Percentage 
recovery 

Percentage 
residue 

Percentage 
loss 

Molecular 
weight 

9 6 . 5  

3 . 5  

0 . 0  

209  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Static equil ibrium cell . Complete 
gas and liquid phases removed by 
mercury inj ection . Gas sample 
analysed by determination of gas 
density and mole per cent of olefins 
present . Light hydrocarbons 
stripped from liquid phase in 
debutanization still leaving heavy 
hydrocarbon . Liquid hydrocarbons 
analysed by same method as gas 
sample s .  Detai ls i n  source and 
ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample dried and carbon 
dioxide removed by passage over 
Ascarite and Drierite . Mass 
spectroscopy revealed 0 . 3 5 mole 
per cent ethane . 

2 .  Anesthe sia grade , purity about 
9 9 . 5  mole per cent . 

3 .  Phillips Petroleum sample , 
purity better than 9 9  mole per 
cent . 

4 .  Details given above . 
ESTIMATED ERROR: 

oT/K = ±0 . 02 ;  oP/P = ± 0 . 1% ;  
ox , oy = ± o . oo l 5 .  

REFERENCES : 
1 .  Benedict , M . ; Solomon , E . ; 

Rubin , L .  c .  
Ind. Eng . Chern . 

19 4 5 ,  3 ?  1 5 5 .  



COHPONENTS : 

( 1 )  Methane : CH4 : [ 7 4 - 8 2-8 ] 

( 2 )  Cycloalkenes 
Cyclohexene 
P inene 

CRITI CAL EVALUATION : 

Cycloalkenes 

EVALUATOR :  

H .  Lawrence Clever 
chemistry Department 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 9 8 4 , January 

Methane + Cyclohexene : c6H10 : [ 1 1 0 - 8 3- 8 ]  

Methane + 2 , 6 , 6-Trimethylbicyclo [ 3 . l . l ] hept-2-ene o r  pinene : 
c10H16 : [ 8 0 - 5 6- 8 1  

Guerry { re f .  2 )  reported the solubility o f  methane in cyclohexene 

491 

at 2 9 3 . 15 and 2 9 8 . 15 K and McDaniel ( re f . 1) reported the solubility of 
methane in pinene at five temperatures between 2 9 3 . 15 and 3 2 8 . 35 K.  Other 
methane solubility values reported by these authors have proved unre
liable , often being too small by 2 0  to 5 0  percent . Thus these data are 
c lassed as doubtful . 

Guerry ' s  data leads to a partia l  molal enthalpy of solution o f  
-1 . 18 k J  mol- 1 of methane in cyclohexene and McDaniels data leads to a 
value of - 8 . 13 kJ mol- 1 of methane in pinene . McDaniel ' s  value appears 
to be too large and Guerry ' s  value too small when the enthalpies are 
compared to more reliable values in other hydrocarbon solvents . 

The smoothed solubility data which should be used with caution be
cause they are probably both too small and of incorrect temperature 
coefficient are in Table 1 .  

Table 1 .  Solubility of methane in cyclohexene and pinene . Mole 
fraction solubility at 101 . 32 5  kPa partial pressure methane . 

References 

T/K 

2 9 3 . 15 
2 9 8 . 15 
3 03 . 15 
313 . 15 
3 2 3 . 15 

Cyclohexene 

2 . 4 8 
2 . 4 6 

Hal Fraction , 10 3x 1 

1 .  McDaniel , A .  s .  J .  Phy s .  Chern. 1911 , 1 5 ,  5 8 7-610 . 

2 .  Guerry , D .  Ph . D .  thesis , Vanderbilt University , 194 4 . 

Pinene 

3 . 29 
3 . 11 
2 . 9 5 
2 . 66 
2 . 4 1 
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ] 

( 2 )  2 , 6 , 6-Trimethylbicyclo [ 3 . 1 . 1 ] 
hept-2-ene or pinene ; c10H16 : 
[ 8 0-56-8 ] 

VARIABLES :  
T/K = 2 93 . 15 - 328 . 3 5 

p 1 /kPa = 101 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

Mol Fraction 

ORIGINAL MEASUREMENTS : 
McDaniel , A .  S .  

J .  Phy e .  Chern . 1911 , 1 5 ,  5 8 7-61 0 .  

PREPARED BY : 
H .  L .  Clever 

Bunsen Temperature Ostwald b Coefficienta Coefficient 
t;oc T/K 10 3x 1 ll L/cm3 cm- 3 

--
2 0 . 0  2 93 . 15 3 . 21 0 . 4 5 6 5  0 . 4 8 8 8  
2 5 . 0  2 9 8 . 15 2 . 98 0 . 4 2 3 5  0 . 4 6 2 3c 
3 0 . 1  3 03 . 25 2 . 9 3 0 . 4 163 0 . 4 6 2 0  
3 9 . 1  312 . 25 2 . 7 6 0 . 3 9 14 0 . 4 4 7 2  
45 . 0  318 . 15 2 . 6 9 0 .  3 8 11 0 . 4 4 4 0  
5 5 . 2  3 2 8 . 35 2 . 17 0 . 3 0 7 6  0 . 3 6 9 4  

a Bunsen coefficient , ll/cm3 ( STP) cm- 3 atm- 1 • 
b Listed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 
c Ostwald coefficient ( absorption coefficient) estimated as 

2 9 8 . 15 K value by author . 
d Mole fraction and Bunsen coefficient values calculated by 

compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with caution . 
His values are often 2 0  percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
The apparatus is all glass . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boiling under reduced 
pressure . Gas pressure or volume is 
adj usted using mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by reaction 

of methyl iodide with zinc
copper . Passed through water 
and sulfuric acid . 

( 2 )  Pinene . 

ESTIMATED ERROR: 

o L/L > -0 . 2 0  

REFERENCES : 



Arenes:  Pressure u p  to 0.2 MPa 

COHPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 
( 2 )  Arenes 

Benzene Methylbenzene 
Dimethylbenzenes 
1 , 1 ' -Methylenebisbenzene 
1-Methylnahthalene 
Decahydronaphthalene 

CRITICAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 30322  USA 

1984 , January 

The Solubi lity of Methane in Arenes at Partial 

Pressures up to 2 0 0  kPa (aa . 2 atm) . 
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The solubility of methane in arenes at methane partial pressures up 
to 200  kPa is  reported in nine papers . With one exception all of the 
solubilities were measured by volumetric methods at a total pressure near 
101 kPa ( aa . 1 atm) . The exception (ref . 5 )  used a GLC sys tem to analyze 
the saturated solution . 

The partial molal enthalpy change on solution is less exothermic for 
the arenes than for the alkanes . For the methane + benzene it is -1 . 2 3  
kJ mol- 1  while for the other methyl substituted benzenes i t  ranges from 
-2 . 6  to -4 . 3  kJ mol- 1 • Most of the methyl substituted enthalpy change 
values are intermediate between the benzene and alkane values . Enthalpy 
changes based on the temperature coefficient of solubility are probably 
not reliable enough to base any far reaching conclusions on when they 
show as little di fference as do these values . 

Methane + Benzene ; c6H6 ; [ 71-4 3- 2 1  

McDaniel ( re f .  1 )  reports four solubility values between 2 9 5 . 25 and 
323 . 0 5 K; Horiuti (re f .  2 )  reports four values between 2 86 . 25 and 33 3 . 15 K ,  
Lannung and Gj aldbaek (ref . 3 )  report six values between 2 9 1 . 15 and 
310 . 1 5 K and Hayduk and Buckley (ref . 4 )  report one value at 2 9 8 . 15 K .  

The smoothed McDaniel data are smaller by 9 percent a t  2 9 3  K and 
3 5  percent at 323  K than the data in ( re f .  2 , 3 ) . McDaniel ' s  data are 
rejected . 

The smoothed data of Horiuti and of Lannung and Gj aldbaek agree 
within 0 . 5  to 1 . 5  percent between 2 8 8  and 308  K with the Lannung and 
Gj aldbaek solubility values the large r .  Hayduk and Buckley ' s  single value 
at 2 9 8 . 15 K is between 1 and 2 percent smaller than the values from the 
other two papers . 

The data of Horiuti , Lannung and Gj aldbaek, and Hayduk and Buckley 
were combined in a linear regression to obtain the equation 

ln x1 = -6 . 6 6 7 9 1  + 1 . 4 7 7 8 6/ (T/10 0  K )  

with a standard error about the regres sion line of 1 . 7  x 10- 5 • 

The temperature independent thermodynamic changes calculated from 
the constants of the equation are 

AYi/kJ mol- 1 = -1 . 2 3 and 

Smoothed values of the mole fraction solubility and partial molal Gibbs 
energy of solution are given in Table 1 .  
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Table 1 .  Solubility of methane in benzene . Tentative mole fraction 
solubility at 101 . 3 2 5  (1 atm) methane partial pressure and 
partial Gibbs energy of solution as a function of temperature . 

T/K 

2 8 3 . 15 
2 9 3 . 15 

2 9 8 . 15 

303 . 15 
313 . 15 
323 . 15 
333 . 1 5 

Mol Fraction 

2 . 14 
2 . 10 

2 . 05 

2 . 07 
2 . 04 
2 . 01 
1 . 9 8 

Methane + Methylbenzene ; c7H8 ; [ 108-8 8-3 ]  

ll "'G]!kJ mol- 1 

1 4 . 4 6 9  
15 . 023 

15 . 300  

15 . 5 7 8  
16 . 1 3 2  
16 . 6 8 6  
1 7 . 241 

McDaniel (ref . 1 )  reports four values of the solubi lity of methane in 
methylbenzene between 303 . 15 and 33 3 . 15 K and Field , Wilhelm and Battino 
(re f .  7 )  report three values of temperatures between 2 8 4 . 2 8 and 3 1 3 . 17 K.  

The McDaniel data are 10 percent smaller than the Field e t  a � .  data 
over the temperature interval of common measurement . Although both data 
sets are classed as tentative the data of Field , Wilhelm and Battino are 
preferred and the tentative values below are based on their data . 

A linear regression of the data o f  Field e t  a � .  gives the equation 

ln x 1 = - 7 . 7 9 6 9 5  + 5 . 2 2144/ (T/10 0  K) 

with a standard error about the regres sion line of 1 . 66 x 10- 4 • 

The thermodynamic changes for the transfer of one mole of gas from 
the gas phase to the infinitely dilute solution are 

liH]/kJ mol- 1  = -4 . 3 4 and 

We are concerned that this is larger by about 2 5  percent than any of the 
other enthalpies of solution in benzene and methyl substituted benzenes . 

Smoothed values of the mole fraction solubility and partial molal 
Gibbs energy of solution are in Table 2 .  

Table 2 .  Solubility o f  methane in methylbenzene . Tentative values of the 
mole fraction solubility at 101 . 325  kPa methane partial pressure 
and partial molal Gibbs energy of solution as a function of 
temperature . 

T/K 

2 8 3 . 15 
29 3 . 15 

2 9 8 . 15 

3 0 3 . 15 
313 . 15 

Mol Fraction 

2 . 6 0  
2 . 4 4 

2 . 3 7 

2 . 3 0  
2 . 18 

1 4 . 014 
1 4 . 663  

14 . 9 8 7  

1 5 . 311 
15 . 9 5 9  



Arenes: Pressure u p  to 0.2 MPa 

COHPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  Arenes 
Benzene Methylbenzene 
Dimethylbenzenes 
1 , 1 ' -Methylenebisbenzene 
1-Methylnahthalene 
Decahvdronaphthalene 

CRITICAL EVALUATION : 

EVALUATOR : 
H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 3 0 3 2 2  

1 9 8 4 , January 

Methane + 1 , 2-Dimethylbenzene ; c8H10 ; [ 9 5- 4 7 - 6 ]  

Methane + 1 , 3-Dimethylbenzene ; c8H1 0 ; [ 10 8 - 3 8 - 3 ]  

Methane + 1 , 4-Dimethylbenzene ; c 8H10 ; [106-4 2-3 ] 
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USA 

Byrne , Battino and Wilhelm (ref . 9 )  report between 5 and 7 solubility 
values each for these systems over the 2 8 3  to 313  K temperature interval . 
McDanie l  reports four solubility values for the methane + 1 , 3-dimethyl
benzene system at temperatures between 2 9 4 . 25 and 3 3 3 . 15 K .  

All o f  the data are classed a s  tentative . For the methane + 
1 , 3-dimethylbenzene system McDaniel ' s  smoothed data are 5 . 2  to 5 . 4  percent 
smaller than the smoothed results of Byrne , Battino and Wilhelm. The 
agreement is within the experimental error . However ,  the Byrne e t  a � .  
data are preferred and their data are the basis o f  all the smoothed 
data presented here . The data were fitted to the following equations by 
a linear regression . 

Methane + 1 , 2-dimethylbenzene 

ln x1 = -7 . 0 3 8 7 3  + 3 . 139 7 9/ ( T/100 K)  

Methane + 1 , 3-dimethylbenzene 

ln x1 = -7 . 0 6 5 4 0  + 3 . 4 4 7 6 4/ ( T/100 K)  

Methane + 1 , 4-dimethylbenzene 

ln x1 = - 7 . 2 07 2 7  + 4 . 015 8 1/ ( T/100 K)  

with standard errors about the regression lines of 7 . 9  x 10� , 
9 . 7  x 10-6 , and 1 8 . 2  x 10-6 , respectively . 

The temperature independent thermodynamic changes for the trans fer 
of one mole of methane from the gas phase to the infinitely dilute solu
tion are given in Table 3 .  

Table 3 .  Thermodynamic values for the transfer of methane from the gas 
to the infinitely dilute solution in dimethylbenzenes . 

Solvent t.lii!kJ mol- 1 t.Fo/J 1 K- 1  mol- 1  t.Gi/kJ mol- 1 

1 , 2-Dimethylbenzene - 2 . 6 1 - 5 8 . 5  14 . 8 3 8a 

1 , 3-Dimethylbenzene - 2 . 8 7 -5 8 . 7  14 . 6 4 8a 

1 , 4-Dimethylbenzene - 3 . 34 - 5 9 . 9  14 . 5 2 7a 

a The partial molar Gibbs energy values are for a temperature of 2 9 8 . 15 K .  

The smoothed solubility values are given i n  Table 4 .  

M-Q 
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Table 4 .  Tentative values of the solubility of methane in the dimethyl
benzenes . Mole fraction solubility at 101 . 3 25 kPa partial 
pressure methane as a function of temperature . 

T/K 

2 83 . 15 
2 9 3 . 15 
2 9 8 . 15 
3 0 3 . 15 
3 1 3 . 15 

1 , 2-Dimethylbenzene 

2 . 6 6 
2 . 56 
2 . 51 
2 . 4 7 
2 . 3 9 

1 , 3-Dimethylbenzene 

2 . 8 9 
2 .  7 7  
2 .  7 1  
2 . 6 6 
2 . 5 7 

1 , 4-Dimethylbenzene 

3 . 06 
2 . 91 
2 . 85 
2 . 7 9 
2 . 67 

Methane + 1 , 1 ' -Methylenebisbenzene ; c13H12 ; [ 1 01-81-5 ] 

Cukor and Prausnitz (ref . 6 )  report Henry ' s  constant values at 
25 degree intervals from 300 to 4 7 5  K.  The solubility values were con
verted to mole fraction values at a 101 . 3 2 5  kPa methane partial pressure 
assuming ideal gas behavior and Henry ' s  law to be obeyed . The results 
are classed as tentative . 

The solubility shows a minimum in the temperature range . The values 
were fitted to a three constant equation by a linear regression to obtain 

ln x1 = -12 . 5 3 8 6 6  + 10 . 1 2 8 0 9/ (T/1 0 0  K) + 2 . 5 9 3 0 5  ln ( T/100 K) 

with a standard error about the regres sion line of 1 . 2 6 x 10- 5 • 

Values of the thermodynamic changes for the transfer of methane from 
the gas phase at 101 . 32 5  kPa to the infinitely di lute solution at several 
temperatures are as follows : 

T/K M0/kJ mol- 1 1 

2 9 8 . 15 -1 . 9 9 
323 . 15 -1 . 4 5 
3 7 3 . 15 - 0 . 3 8  
4 2 3 . 15 +0 . 70 
4 7 3 . 15 l .  7 8  

t:;So/J K- 1  1 

-59 . 1  
-57 . 4  
- 5 4 . 3  
-51 . 6  
-49 . 2  

mol- 1 

21 . 6  
21 . 6  
21 . 6  
21 . 6  
21 . 6  

Smoothed values of the solubi lity of methane and the partial molal Gibbs 
energy as a function of temperature are given in Table 5 .  The temperature 
of minimum solubility is 391 K .  

Table 5 .  Tentative values of the solubility of methane in 
1-methylnaphthalene . Mole fraction solubility of 10 1 . 325  kPa 
( 1  atm) methane partial pres sure and partial molal Gibbs energy 
as a function of temperature . 

T/K 

2 9 8 . 15 

3 2 3 . 15 
3 4 8 . 15 
3 7 3 . 15 
391 
3 9 8 . 15 

4 23 . 15 
4 4 8 . 15 
4 73 . 15 

Mol Fraction 

1 . 5 8 

1 . 4 7 
l .  4 0  
1 . 3 7 
l .  36  
1 . 36 

l .  3 8  
1 . 40 
l .  4 4  

15 . 9 8 8  

1 7 . 5 31 
1 9 . 018  
2 0 . 4 5 3  
2 1 . 6 2 1  
2 1 . 8 3 9  

2 3 . 1 81  
2 4 . 4 7 9  
2 5 . 7 3 7  



Arenes: Pressure u p  to 0.2 MPa 

COHPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4- 8 2 - B ] 
( 2 )  Arenes 

Benzene Methylbenzene 
Dimethylbenzenes 
1 , 1 ' -Methylenebisbenzene 
1-Methylnahthalene 
Decahydronaphthalene 

CRITICAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 3 0 3 2 2  

1 9 8 4 , January 

Methane + Decahydronaphthalene ; c10H1 8 ; [ 91-17-B ]  

USA 

Lenoir , Renault , and Renon (ref . 5 )  report solubil ity values at two 
temperatures of 2 9 8 . 2  and 323 . 2  K .  The values are c lassed as tentative , 
but there i s  some concern regarding the results because of the large 
magnitude of the enthalpy of solution relative to similar solvents . 

The solubility data are reproduced by the equation 

ln x1 = - 8 . 7 7 2 1  + 8 . 7 0 3 4/ ( T/10 0 K)  

which gives temperature independent thermodynamic changes for the 
transfer of methane from the gas at 101 . 32 5  kPa to the infinitely dilute 
solution of 

and 

The values are of larger magnitude than normally observed for either 
alkane or arene solvents . 

Smoothed values o f  solubility and partial molal Gibbs energy of 
solution are given in Table 6 .  
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Table 6 .  Tentative values of the solubility of methane in decahydro
naphthalene or decalin . Mole fraction solubility at 101 . 32 5  kPa 
methane partial pres sure and partial molal Gibbs energy of 
solution as a function of temperature . 

References 

T/K 

2 9 8 . 15 

3 0 3 . 15  
313 . 15 
3 23 . 15 

Mol Fraction 

2 . 87 

2 . 74 
2 . 50 
2 . 29 

1 .  McDaniel ,  A .  S .  J.  Phy s . Chem . 1 9 1 1 ,  1 5 ,  5 8 7 . 

t.Gj/kJ mol- 1 

14 . 5 1 3  

14 . 87 7  
15 . 6 07 
16 . 33 6  

2 .  Horiuti , J .  Sai .  Pap . Ins t .  Phy s .  Chem .  Ees . {JPN) � 1931/ 3 2 , 1 ? ,  125 . 

3 .  Lannung , A . ; Gj a ldbaek , J .  C .  Aata Chem . Saand . 19 6 0 , 1 4 ,  1124 . 

4 .  Hayduk , W. ; Buckley , w. D .  Can .  J .  Chem , Eng. 1971 , 49 ,  6 6 7 . 

5 .  Lenoir , J-Y . ; Renault , P . ;  Renon , H .  J ,  Chem . Eng .  La ta�  1 9 7 1 ,  1 6 ,  3 4 0 . 

6 .  Cukor , P .  M . ; Prausnitz , J .  M .  J .  Phys . Chem. 19 7 2 ,  7 6 ,  5 9 8 . 

7 .  Field , L .  R . ; Wilhelm, E . ; Battino , R .  J .  Chem . The rmody n .  19 74 , 
6 ,  2 3 7 . 

B .  Chappelow, C .  C . ; Prausnitz , J .  M .  Am . Ins t .  Chem. Engnrs . J. 1974 , 
2 0 , 109 7 .  

9 .  Byrne , J .  E . ; Battino , R . ; Wilhelm, E .  J .  Chem . The rmody n .  1 9 7 5 , 
? ' 5 1 5 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane; CH4 : [ 7 4- 8 2- 8 ]  McDaniel , A .  S .  

( 2 )  Benzene; c6H6 : [ 71-43-2 ]  J .  Phys , Ch ern . 1 9 11 , 1 5 ,  587-61 0 . 

VARIABLES :  PREPARED BY : 
T/K = 2 9 5 . 2 5 - 323 . 0 5  H .  L . Clever p 1 /kPa = 101 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction Bunsen a Coefficient 
Ostwald b Coefficient 

t/ °C T/K 1 0 3.x 1 CL L/cm3 cm- 3 
--
2 2 . 1  2 9 5 . 2 5 1 . 8 2  0 . 4 60 0  0 . 4 9 54 
2 5 . 0  2 9 8 . 15 1 . 7 7  0 . 4 4 3 8  0 . 4 8 4 4C 
3 5 . 0  3 0 8 . 1 5  1 . 6 0 0 . 3 9 7 6  0 . 44 8 4  
4 0 . 1  313 , 25 1 . 4 9  0 , 3 661  0 . 4198  
4 9 . 9  3 23 . 0 5  1 . 27 0 , 30 8 1  0 . 3 64 5 

aBunsen coefficient, a/cm3 (STP )  cm- 3  atm- 1 • 
bListed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 
costwald coefficient ( absorption coefficient) estimated as 

2 9 8 . 1 5  K value by author . 
dMole fraction and Bunsen coefficient values calculated by 

compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with caution . 
His values are often 2 0  percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus is all glass . It con
s ists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by bo il ing under reduced 
pressure . Gas pressure or volume is 
adjusted us ing mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume o f  the solvent . 

SOURCE AND PURITY OF MATERI ALS : 
( 1 )  Methane . Prepared by reaction 

of methyl iodide with zinc
copper . Passed through water 
and sulfuric ac id . 

( 2 )  Benzene . Source not given . 

ESTIMATED ERROR: 

o L/L > -0 . 20 

REFERENCES : 



Arenes : Pressure up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4- 8 2-8 ) 

( 2 )  Benzene ; c6 H6 ; [ 71-4 3-2 ] 

VARIABLES : 
T/K : 

p 1 /kPa : 
2 8 6 . 2 5 - 3 33 . 15 
101 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 
T/K Mol 

2 8 6 . 2 5 
2 9 3 . 15 
3 0 3 . 15 
3 3 3 . 15 

Fraction 
10 3 :�: 1 
2 . 13 0  
2 . 0 9 4  
2 . 0 5 6  
1 . 97 2  

ORIGINAL MEASUREMENTS : 
Horiuti , J . -

Sai . Pap . Ins t .  Phy s .  Chern . Res . 
(Jp n )  1931/32 , 1 7 , 1 2 5  - 2 5 6 . 

PREPARED BY : 

Bunsen 
Coefficient 

a/cm3 ( STP} cm- 3 atm- 1  
0 . 5 4 2 7  
0 . 5 2 9 2  
0 . 5 1 3 3  
0 . 4 7 4 5  

M .  E .  Derrick 
H .  L .  Clever 

Ostwald 
Coefficient 

L/cm3 cm- 3 
0 . 5 6 8 7  
0 . 5 6 8 0  
0 . 56 9 7  
0 . 5 7 8 7  
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The mole fraction and Bunsen coefficient values were calculated by the com
piler with the assumption the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 2 8 6 . 25 and 3 3 3 . 15 K .  

ln x1 = - 6 . 6 9 0 8  + 1 . 5 3 5 1/ ( T/lO OK) 
The standard error about the regression l ine i s  6 . 4 4 x 1 0- 6 •  

T/K Mol Fract�on 
1 0 3 :�: 1 

2 8 8 . 1 5 
2 9 8 . 15 
3 0 8 . 15 
3 1 8 . 15 
3 2 8 . 1 5 

2 . 11 6  
2 . 07 9  
2 . 0 4 4  
2 . 013 
1.  9 8 3  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE: 

The apparatus consists of a gas buret, 
a solvent reservoir , and an absorp
tion pipet . The volume of the pipet 
is determined at various meniscus 
heights by weighing a quantity of 
water . The meniscus height is read 
with a cathetometer . 

The dry gas is introduced into the 
degassed solvent . The gas and solvent 
are mixed with a magnetic stirrer 
until saturation . Care is taken to 
prevent solvent vapor from mixing 
with the solute gas in the gas buret . 
The volume of gas is determined from 
the gas buret readings , the volume 
of solvent is determined from the 
meniscus height in the absorption 
pipet . 

SOURCE AND PURITY OF MATERIALS : 

( 1 }  Methane . Aluminum carbide was 
prepared from aluminum and soot 
carbon . The aluminum carbide was 
treated with hot water . The gas 
evolved was scrubbed to remove 
impuritie s ,  dried and fraction
ated . Final product had a 
density , p/g dm- 3  = 0 . 7 1 6 8± 0 . 0 0 0 3  
a t  normal conditions .  

( 2 } Benzene . Merck .  Extra pure and 
free of sulfur . Refluxed with 
sodium amalgam ,  distilled . 
Boili�_point ( 7 6 0  rnm�} 8 0 . 1 8 ° C .  

ESTIMATED ERROR : 

REFERENCES : 

o T/K = 0 . 05 
o x1 /x1 = 0 . 01 
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

( 2 )  Benzene ; c6H6 ; [ 7 1 - 4 3 - 2 ]  

VARIABLES : 
T/K = 2 91 . 15 - 3 1 0 . 15 

p 1/kPa = 101 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 
T/K 

ORIGINAL MEASUREMENTS : 

Lannung , A . ; Gjaldbaek , J .  c .  

Aata Chem . Saand. 19 6 0 ,  1 4 ,  
1124 - 11 2 8 . 

PREPARED BY : 

J ,  Chr . Gjaldbaek 

Bunsen 
Coefficient 

Ostwald 
Coefficient 

Mol Fraction 
l 0 3 x 1 a/cm 3 ( STP ) cm- 3 atrn-1 L/cm3 cm- 3  

2 91 . 15 
2 91 . 15 
2 9 8 . 15 
2 9 8 . 15 
3 1 0 . 15 
3 1 0 . 15 

2 . 13 
2 . 11 
2 . 09 
2 . 0 9 
2 . 05 
2 . 08 

0 . 5 3 7  
0 . 5 3 3  
0 . 5 2 3  
0 . 5 23  
0 . 5 06 
0 . 514  

0 . 57 2  
0 . 5 6 8  
0 . 5 7 1  
0 . 571  
0 . 57 4  
0 . 5 8 4  

Smoothed Data : For use between 2 9 1 . 15 and 3 1 0 . 15 K .  
l n  x 1 = -6 . 5 7 7 0  + 1 . 2 1 9 8/ ( T/1 0 0  K )  

The standard error about the regression line i s  1 . 37 x 1 0- 5 • 

T/K Mol Fraction 
1 0 3 x 1 

2 9 8 . 1 5  2 . 0 95  
3 0 8 . 15 2 . 0 7 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A calibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( 1 ) . 

The absorbed volume o f  gas is  
calculated from the initial and 
final amounts , both saturated with 
solvent vapor . The amount of 
solvent is  determined by the weight 
of displaced mercury.  

The values are at 1 01 . 3 2 5  kPa 
( 1  atm) pressure assuming Henry ' s  
law i s  obeyed . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Generated from 

magnesium methyl iodide . 
Purified by fractional dis
tillation . Specific gravity 
corresponds with mol wt 1 6 . 08 .  

( 2 )  Benzene . Kahlbaum . " Zur 
molekulargewichsbestirnrnung . "  
M . p . / ° C  = 5 . 4 8 .  

ESTIMATED ERROR: 
o T/K = ± 0 .  05  

o x1 /xl = ± 0 . 015 

REFERENCES : 
1 .  Lannung , A .  

J .  Am . Chem . Soa .  1 9 3 0 ,  5 2 ,  6 8 . 



Arenas : Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1) Methane ; CH4 ; [ 74 - 8 2- 8 ] 

( 2 )  Benzene ; c6H6 ; [ 71-43-2 ] 

Hayduk , W . ; Buckley , W . D . 
Can .  J. Chern . Eng . 1 9 7 1 , 4 9 ,  

6 6 7-6 7 1 .  

VARIABLES : 

T/K : 2 9 8 . 15 

P/kPa :  10 1 . 3 2 5  

EXPERIMENTAL VALUES : 

T/K Ostwald Coeffi cient 1 

L/cm3 cm- 3 

29 8 . 15 0 . 56 5  

1 0riginal data . 

2 Calculated by compi ler . 

PREPARED BY : 

W .  Hayduk 

Bunsen Coefficient 2 

a/cm 3 ( STP ) cm- 3 atm- 1 

0 . 51 8  

Mole Fraction 
10 4 X 1 

2 0 . 6  1 . 5 3 3  

3 Calculated by compiler from the following equation : 

�G0/J mol- 1 = -RT ln x1 

METHOD/APPARATUS/PROCEDURE : 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson Co . Speci fied as 
ultra high purity grade of 
99 . 9 7 per cen t .  

501 

A volumetric method using a glass 
apparatus was employed . Degassed 
solvent contacted the gas whi le 
flowing as a thin film, at a 
constant rate , through an absorption 
spiral into a solution buret . A 
constant solvent flow was obtained 
by means of a calibrated syringe 
pump . The solution at the end of 
the spiral was considered saturated . 
Dry gas was maintained at atmosphe
ric pressure in a gas buret by 
mechanically raising the mercury 
level in the buret at an adjustable 
rate . The solubi lity was calculated 
from the constant s lope of volume 

2 .  Canlab . Chromatoquality grade 
of specified minimum purity of 
99 . 0  per cent . 

of gas dissolved and volume of 
solvent injected . 

Degass ing was accompli shed using a 
two stage vacuum process described 
by Clever et a l .  ( 1 ) • 

ESTIMATED ERROR: 

o T/K = 0 . 1  

REFERENCES : 

1 .  Cleve r ,  H . L . ; Battino , R . ; 
S aylor , J . H . ; Gross , P . M .  
J .  Phys . Chern . 197 1 ,  6 1 , 
107 8 . 



502 Arenes: Pressure up to 0.2 M Pa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74-82-B]  

(2 )  Methylbenzene or toluene ; 
c7 H8 ; [ 1 0 8 - 8 8 - 3 ]  

VARIABLES : 

T /K = 2 9 8 . 1 5  - 333 . 1 5  
p 1 /kPa = 101 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
McDaniel , A .  s .  

J .  Phy s .  Chem . 1911 , 1 5 , 5 8 7 - 610 . 

PREPARED BY : 

H .  L .  Cl ever 

Temperature Mol Fraction Bunsen Ostwald b Coefficienta Coefficient 
t/°C T/K 10 3 :X: 1 ex L/cm3 cm- 3  

--

2 5 . 0  2 9 8 . 15 2 . 11 0 . 4 4 5 0  0 . 4 8 5 2c 
3 0 . 0  303 . 15 2 . 0 6 0 . 4 3 0 0  0 .  4 7 7 8  
4 0 . 1  313 . 25 1 .  97  0 . 4 0 8 0  0 . 4 6 7 5  
5 0 . 2  3 2 3 . 3 5 1 .  8 8  0 . 4 013 0 . 4 5 4 5  
6 0 . 0  3 3 3 . 15 1 . 83 0 . 3 6 9 0  0 . 4 5 0 2  

a Bunsen coefficient , cx/cm3 ( STP ) cm-3 atm- 1 • 
b Listed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 
c Ostwald coefficient (absorption coefficient ) estimated as 

2 9 8 . 15 K value by author . 
d Nole fraction and Bunsen coefficient values calculated by 

compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with caution . 
His values are often 2 0  percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus is all glass . It  con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boiling under reduced 
pressure . Gas pressure or volume is 
adjusted using mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by know� 
volume of the solvent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by reaction 

of methyl iodide with z inc
copper . Passed through water 
and sulfuric acid . 

( 2 )  Methylbenzene . 

ESTIMATED ERROR: 

o L/L > - 0 . 2 0  

REFERENCES : 



Arenes: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  Field , L .  R. ; Wilhelm, E . ;  
Battino , R .  

( 2 )  Methylbenzene o r  toluene ; c7H8 ; 
[ 1 0 8 - 8 8 - 3 ]  J .  Chem . Thermody n .  1 97 4 , 6 , 

2 3 7  - 2 4 3 . 

VARIABLES : P REPARED BY : 
T/K : 

P/kPa : 
2 8 4 . 2 8  - 313 . 17 
1 01 . 3 2 5  ( 1  atm) H .  L .  Clever 

EXPERIMENTAL VALUES : 
T/K Mol Fraction 

2 8 4 . 2 8  
2 9 7 . 80 
313 . 17 

1 0 3z 1 
2 . 65 6  
2 . 2 4 0  
2 . 24 0  

Bunsen 
Coefficient 

a/cm3 ( STP ) cm-3 atm-1 

0 . 5 6 7  
0 . 5 07 
0 . 4 6 4  

Ostwald 
Coefficient 

L/cm3 cm- 3 

0 . 5 8 9 9  
0 . 55 3 4  
0 . 5 315 

The gas solubility values were adj usted to an oxygen partial pressure of 
1 01 . 3 2 5  kPa (1 atm) by Henry ' s  law . 
The Bunsen coefficients were calculated by the compiler . 
Smoothed Data : For use between 2 8 4 . 15 and 3 1 3 . 17 K .  

ln z1 = -7 . 7 9 6 9  + 5 . 2 2 14/ (T/100 K)  

The standard error about the regression line i s  1 . 6 6 x 1 0- 4 • 

METHOD /APPARATUS/PROCEDURE : 

T/K 

2 8 3 . 15 
293 . 15 

2 9 8 . 15 
3 03 . 15 
313 . 15 

Mol Fraction 
10 3z 1 
2 . 6 0 
2 . 4 4 

2 . 37 
2 . 3 0 
2 . 18 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
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The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is described 

by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus i s  that 
described by Battino , Banzhof , Bogan , 
and Wilhelm ( 3 ) . 

( 1 )  Methane . Either Matheson Co . ,  
Inc . or Air Products and 
Chemical s ,  Inc . Purest grade 
available ,  minimum purity greater 
than 99 mole per cent . 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the l iquid i s  about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is applied intermittently 
through a liquid N2 trap until the 
permanent gas residual pres sure 
drops to 5 microns . 
Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass spiral tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm . 
The volume of gas absorbed is found 
by difference between the initial and 
final volumes in the buret system . 
The solvent is collected in a tared 
flask and weighed . 

M-Q• 

( 2 )  Methylbenzene . Phillips 
Petroleum . Pure Grade . 
Distilled . 

ESTIMATED ERROR: 

REFERENCES : 

o T/K = 0 . 03 
oP/mmHg = 0 . 5  
o:r:l/xl = 0 . 0 0 5  

1 .  Morrison , T .  J . ; Billett , F .  
J .  Chern . Soc .  194 8 ,  2 0 3 3 . 

2 .  Battino , R . ; Evans, F .  D . ; 
Danforth , W .  F .  J .  Am. Oi l 
Chern.  Boa . 1 9 6 8 , 4 5 , 8 3 0 .  

3 .  Battino , R. ; Banzhof , M . ; 
Bogan,  M . ; Wilhelm , E .  
Ana l .  Chern . 1971 4 3L 8 0 6 . 



504 Arenes: Pressure up to 0.2 MPa 

COMPONENTS : 
( l )  Methane ; CH4 ; [ 74-82-8 ]  

( 2 )  1 , 2-Dimethylbenzene or  o-xylene ; 
c8H10 ; [ 95-4 7-6]  

VARIABLES : 
T/K : 

p 1/kPa : 

EXPERIMENTAL VALUES : 
T/K 

283 . 2 4  - 313 . 1 7 
101 . 3 25 ( 1  atm) 

Mol Fraction 

ORIGINAL MEASUREMENTS : 
Byrne , J .  E . ; Battino , R . ; 
Wilhelm, E .  

J .  Chem . Thermodyn .  1975 , 7 ,  515-522 . 

PREPARED BY : 

Bunsen 

H .  L .  Clever 
A. L. Cramer 

Ostwald 
10 3 x Coefficient Coefficient 

1 a/cm3 (STP ) cm- 3 atm- 1 L/cm3 cm- 3 

2 8 3 . 2 4 2 . 6 6 7  0 . 5 016 0 . 5 2 01 
283 . 4 0 2 . 651 0 . 4 9 8 5  0 . 5172  
2 9 8 . 16 2 . 507  0 . 4 6 4 7  0 . 5073  
313 . 08 2 . 3 96  0 . 4 3 7 8  0 . 5018  
313 . 17 2 . 3 90  0 . 4 3 6 7  0 . 5007  

The Bunsen coefficients were calculated by the compiler . The so lubi lity 
values were adj usted to a methane partial pressure of 10 1 . 325  kPa ( 1  atm) 
by Henry ' s  law. 
Smoothed Data : For use between 2 8 3 . 15 and 313 . 17 K .  

l n  x1 = -7 . 0387  + 3 . 1 3 9 8/ (T/1 0 0  K) 
The standard error about the regres sion line is 7 . 9 1 x 10- 6 • 

T/K Mol Fraction 
10 3x1 

2 83 . 15 2 . 65 9  
293 . 1 5  2 . 5 6 0  
298 . 1 5 2 . 515 
3 03 . 15 2 .  471  
313 . 15 2 . 3 9 1  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS : 
The solubility apparatus is based on ( 1 )  Methane . Either Air Products & 
the des ign of Morrison and Billett Chemicals , Inc . , or Matheson Co . ,  
( 1 )  and the version used is described Inc . 99 mol per cent or better . 
by Battino , Evans , and Danforth ( 2 ) . ( 2 )  1 , 2-Dimethylbenzene . Phillips The degassing apparatus is that 
described by Battino , Banzhaf,  Bogan , ���P�e�t�r�o�l�e�u�m�C�o�.--�P�u�r�e�g�r�a�d�e�·�------� 
and Wilhelm ( 3 ) . ESTIMATED ERROR : 

c5 T/K = 0 . 03 
0 . 5  
0 . 005  

Degassing . Up to  5 0 0  cm3 of solvent c5 P/mmHg = 
is placed in a flask of such size & x1!x1 = 
that the liquid is about 4 em deep . 
The liquid is  rapidly stirred , and 

REFERENCES : 
vacuum is intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pres sure drops 
to 5 microns . 1 .  Morrison , T .  J . ; Billett , F .  

J.  Chern . Boa .  1 9 4 8 , 2 03 3 . 
Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one 
atm .  The volume of gas absorbed is  
found by dif ference between the 
initial and final volumes in the 
buret system . The solvent is col
lected in a tared flask and weighed . 

2 .  Battino , R . ; Evans, F .  D . ; 
Danforth, W .  F .  J .  Am . Oi Z 
Chern . Boa .  1968 , 4 5 , 8 3 0 .  

3 .  Battino , R. ; Banzhof , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana l .  Chern.  1971 , 4 3 1  8 0 6 .  



Arenes: Pressure up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4- 8 2 -8 ] 

( 2 )  1 , 3-Dimethylbenzene or 
m -xylene ; c8H10 ; [ 1 0 8 - 3 8 - 3 ]  

VARIABLES :  

T/K = 2 94 . 25 - 3 3 3 . 15 
p 1 /kPa = 1 01 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
McDaniel , A. s .  

J .  Phy s .  Chem . 1 911 , 1 5 ,  5 8 7 - 6 1 0 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Mol Fraction Bunsen Ostwald b Coefficianta Coefficient 
t;oc T/K 1 0 3 x 1 a L/cm3 cm- 3 

--

2 1 . 1  2 9 4 . 25 2 . 61 o .  4 7 7 8  0 . 5 1 4 6  
2 5 . 0  2 98 . 15 2 . 57 0 . 4 6 6 9  0 . 5 096C 
3 0 . 5  3 0 3 . 65 2 . 5 0 0 . 4 5 2 9  0 . 5 0 2 8  
5 0 . 0  3 2 3 . 15 2 . 37 0 . 4 2 0 3  0 . 4 9 7 2  
6 0 . 0  3 3 3 . 15 2 . 27 0 . 3 9 9 2  0 . 4 8 7 0  

a Bunsen coefficient , c:t/cm3 ( STP ) cm- 3 atrn- 1 • 
b Listed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 
c Ostwald coefficient ( absorption coefficient) estimated as 

2 98 . 15 K value by author . 
d Mole fraction and Bunsen coefficient values calculated by 

compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with caution . 
His values are often 2 0  percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus is all gla s s . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boiling under reduced 
pressure . Gas pressure or volume is 
adj usted using mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by reaction 

of methyl iodide with z inc
copper . Passed through water 
and sulfuric acid . 

( 2 ) 1 , 3-Dirnethylbenz ene . 

ESTIMATED ERROR: 

o L/L > -0 . 2 0 

REFERENCES : 
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506 Arenas: Pressure up to 0.2 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  1 , 3-Dimethylbenzene o r  m -xylene : 
c8H10 ; [ 1 0 8 - 3 8 - 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 8 3 . 13 - 3 1 3 . 21 
101 . 3 2 5  ( 1  atm) 

Mol Fraction 

ORIGINAL MEASUREMENTS : 

Byrne , J .  E . ;  Battino , R. ; 
Wilhelm, E .  

J . Che rn .  Thermody n .  1 9 7 5 , ? ,  515-5 2 2 . 

PREPARED BY : 

Bunsen 

H .  L .  Clever 
A. L .  Cramer 

Ostwald 

1 0 3 x Coefficient Coefficient 
1 a/cm3 ( STP ) cm- 3 atm- 1 L/cm3 cm- 3 

2 8 3 . 13 2 . 8 8 5  0 . 5 3 3 0  0 . 5 5 2 5  
2 8 3 . 21 2 . 8 9 1  0 . 5 3 4 1  0 . 55 3 8  
2 9 8 . 0 9 2 . 7 09  0 . 4 9 2 8  0 . 5 3 7 8  
2 9 8 . 17 2 .  713 0 . 4 9 3 5  0 . 5 3 8 7  
313 . 14 2 . 55 6  0 . 4 5 8 1  0 . 5 2 5 2  
313 . 14 2 . 5 8 4  0 . 4 6 3 1  0 . 5 3 0 9  
313 . 21 2 . 5 6 9  0 . 4 6 0 3  0 . 5 2 7 8  

The Bunsen coefficients were calculated by the compiler . The solubility 
values were adj usted to a methane partial pressure of 1 01 . 3 2 5  kPa ( 1  atm) 
by Henry ' s  law. 
Smoothed Data : For use between 2 8 3 . 15 and 313 . 21 K .  

ln x1 = -7 . 0 6 5 4  + 3 . 4 4 7 6/ ( T/1 0 0  K)  
The standard error about the regres sion line is 9 . 7 2 x 1 0- 6 • 

T/K Mol Fractl.on 
l 0 3x 1 

2 8 3 . 15 
2 9 3 . 1 5 

2 . 8 8 6  
2 . 7 6 9  

2 9 8 . 15 

3 03 . 15 
313 . 15 

2 . 7 15 
2 . 6 6 3  
2 . 5 6 8  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The solubility apparatus is based on ( 1 )  Methane . Either Air Products & 
the design of Morrison and Billett Chemicals , Inc . , or Matheson Co . ,  
( 1 )  and the version used i s  described Inc . 99  mol per cent or better . 

by Battino , Evans , and Danforth ( 2 )  • ( 2 )  1 , 3-Dimethylbenzene . Phillips The degassing apparatus i s  that Petroleum co . Pure grade . described by Battino , Banzhof , Bogan , I-E�s=T=r�MA�T=E=D�E�R�R�O�R�:
��������------4 

and Wilhelm ( 3 )  • o T/K ::: 0 . 03 
Degassing . Up to 5 0 0  cm3 of solvent o P/mmHg = 0 . 5  
is placed in a flask of such size o x1 !x1 == 0 . 0 0 5  
that the liquid is about 4 e m  deep . 
The liquid is rapidly stirred , and 
vacuum is applied intermittently 
through a liquid N2 trap until the 
permanent gas residual pressure drops 
to 5 microns . 
Solubi lity Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm . 
The volume of gas absorbed is found 
by difference between the initial and 
final volumes in the buret system . 
The solvent is collected in a tared 
flask and weighed . 

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern.  Soc . 1 9 4 8 , 2 033 . 
2 .  Battino , R . ; Evans, F .  D . ; 

Danforth , W .  F .  J. Am . Oi Z 
Chern . Soc . 1 9 6 8 , 45 , 8 3 0 .  

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana Z .  Chern.  1971 , 4 3 ,  8 0 6 . 



Arenas: Pressure up to 0.2 M Pa 507 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  1 , 4-Dimethylbenzene or p -xylene ; 

ORIGINAL MEASUREMENTS : 
Byrne , J .  E . ;  Battino , R . ; 
Wilhelm, E .  

c8H10 : [ 1 06 - 4 2 - 3 ]  J .  Chem .  Thermody n .  1 97 5 , 7 ,  515-522 . 

VARIABLES :  PREPARED BY : 
T/K : 

p 1 /kPa : 
287 . 9 4 - 313 . 18 
101 . 32 5  ( 1  atm) H .  L .  Clever 

EXPERIMENTAL VALUES : 
T/K Mol Fraction Bunsen Ostwald 

1 0 3x Coefficient Coefficient 
1 a/cm3 ( STP ) cm- 3 atm-1 L/cm3 cm- 3 

287 . 9 4 2 . 9 95 0 . 5 4 9 0  0 . 5787  
2 8 8 . 18 2 . 976  0 . 5 4 5 4  0 . 5 7 5 4  
298 . 12 2 . 831  0 . 5134 0 . 56 0 3  
2 9 8 . 14 2 . 87 8  0 . 5219  0 . 5 697  
313 . 14 2 . 67 5  0 . 4 7 7 8  0 . 5 4 7 7  
313 . 18 2 . 6 6 6  0 . 47 6 1  0 . 54 5 9  

The Bunsen coefficients were calculated by the compiler . The solubil ity 
values were adj usted to a methane partial pressure of 101 . 32 5  kPa ( 1  atm) 
by Henry ' s  law . 
Smoothed Data : For use between 2 8 7 . 94 and 313 . 18 K .  

ln x1 = -7 . 2 07 3  + 4 . 0158/ (T/1 0 0  K) 
The standard error about the regression l ine is 1 . 8 2 x l o- 5 • 

T/K Mol Fraction 
1 0 3 x  1 

2 9 3 . 15 
2 9 8 . 1 5 

3 03 . 15 
313 . 15 

2 . 916 
2 . 8 5 0  

2 . 7 8 8  
2 . 67 2  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

The solubility apparatus is based on ( 1 )  Methane . Either Air Products & 
the design of Morrison and Billett Chemicals , Inc . ,  or Matheson Co . ,  
( 1 )  and the version used is described Inc . 99 mol per cent or better . 

by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that ( 2 )  1 , 4 -Dimethylbenzene . Phillips 

Petroleum Co . Pure grade . Used described by Battino , Banzhof , Bogan , as received . and Wilhelm ( 3 )  • �ES�T�IMA�T�E�D�E�R�R�O�R�: --------------------� 

Degassing . Up to 5 0 0  cm3 of solvent o T/K = 0 . 01 
is placed in a flask of such size o P/mmHg = 0 . 5  
that the liquid is about 4 em deep . o xl /xl = 0 . 0 05 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N2 trap until the 
permanent gas residual pres sure drops 
to 5 microns . 

Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one atm .  
The volume o f  gas absorbed i s  found 
by difference between the initial and 
final volumes in the buret system . 
The solvent is collected in a tared 
flask and weighed . 

REFERENCES : 

1 .  Morrison , T .  J . ; Billett , F .  
J .  Che rn .  Soc . 1948 , 2033 . 

2 .  Battino , R . ; Evans, F .  D . ; 
Danforth , W .  F .  J .  Am. Oi � 
Chern.  Soc . 1 9 6 8 , 45 , 8 3 0 . 

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhe lm , E .  
Ana � .  Chern.  1 9 7 1 ,  4 3 ,  8 0 6 . 



508 Arenes: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 74-82-8] Chappelow , C . C . ;  Prausnitz , J . M .  

2 .  1-Hethylnaphthalene; C 1 1 H 1 o i 
[ 1 321-9 4 - 4 ]  

Am . Ins t . Chern . Engnrs . J .  19 74 , 
2 0 ,  109 7-110 4 . 

VARIABLES :  P REPARED BY : 

Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 

300 

325 

350  

375  

400  

4 2 5  

4 5 0  

4 7 5  

Henry ' s  Constanta 
/atm 

6 4 4  

6 7 6  

7 0 5  

7 2 8  

7 4 0  

7 3 8  

719 

6 80 

Mole fractionb of 
methane at 1 atm . 
pres sure , xCH 4 

0 . 00155 

0 . 00 1 4 8  

0 . 0 0 142  

0 . 00 1 37 

0 . 00 135 

0 . 00136 

0 . 0 0139 

0 . 00147  

partial 

a .  Authors stated me asurements were made at several pressures 
and values of solubility used were all within the Henry ' s  
Law region . 

b .  Calculated by compiler assuming linear relationship between 
mole fraction and pressure . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Volumetric apparatus similar to that Solvent degassed , no other details 
des cribed by Dymond and Hi ldebrand given . 
( 1 } . Pressure measured with a null 
detector and precis ion gauge . Details 
in ref . ( 2 } . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ; oxCH 4  = ±1%  

REFERENCES : 
1 .  Dumond , J . ; Hi ldebrand , J . H .  
Ind . Eng . Chem . Fundam. 1 9 6 7 , 6, 1 3 0 .  
2 .  Cukor , P . M . ;  Prausnitz , J . M .  
Ind. Eng . Chem . Fundam . !22l , l 0, 638 . 



Arenas: Pressure up to 0.2 MPa 

COMPONENTS : 

1 .  Methane : CH � :  [ 74-82-8 ] 

2 .  1 , 1 ' -Methylenebi sbenzene , 
(Diphenylmethane) : C 1 s H 1 2 : 
[ 1 01-81- 5 ]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Cukor , P .M . : Prausnitz , J . M .  

J .  Phy s .  Chern . 19 72 , ? 8 ,  59 8-6 01  

P REPARED BY : 

C . L .  Young 

T/K Henry ' s  Constanta 
/atm 

Mole fraction of methaneb 
in liquid , :x:CH � 

300 5 5 5  0 . 00180  

325 5 7 9 0 . 0 0 173 

350 59 7 0 . 0016 8 

375 6 0 8  0 . 0 0 164  

400  611  0 . 00164 

425 6 0 8  0 . 0 0 16 4  

450  597  0 . 0016 8 

4 75 5 7 9  0 . 00173  

a .  Quoted in  supplementary material for original paper 

509 

b .  Calculated by compiler for a partial pre ssure of 1 atmosphere 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Volumetric apparatus similar to 
that described by Dymond and 
Hi ldebrand ( 1) . Pressure 
measured with a null detector and 
precision gauge . Details in ref . 
( 2 )  • 

SOURCE AND PURITY OF MATERIALS : 

No details given 

ESTIMATED ERROR: 

6 T/K = ±0 . 05 : 6:x:CH � = ±2% 

REFERENCES : 
1 .  Dymond , J . : Hildebrand , J . H .  

Ind .  Eng . Chern . Fundarn . 1967,  8 ,  
1 3 0 . 

2 .  Cukor , P . M . , Prausnitz , J .M .  
Ind.  Eng .  Chern. Fundarn . 1971, 1 0 ,  
6 3 8 .  



5 1 0  Arenas: Pressure up t o  0.2 MPa 

COMPONENTS : 

L Methane ; CH 4 ; [ 74-82-8 ] 

. 2 .  Decahydronaphthalene , {Decalin) ; 
C 1 o H 1 e ; [ 91-1 7 - 8 ]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lenoir ,' J-Y . ; Renault ,  P . ; Renon , H .  

J .  Chern . Eng . Da ta , 1 9 7 1 ,  1 6 ,  340-2 • 

PREPARED BY : 

C .  L .  Young 

T/K Henry ' s  constant 
HCH /atm 

4 

Mole fraction at l atm* 
xCH4 

2 9 8 . 2  
3 2 3 . 2  

3 4 8  
4 3 7  

0 . 0 0 2 8 7  
0 . 0 0 2 2 9  

* Calculated by compiler assuming a linear function of PCH4 
vs xCH4 ' i . e . , xCH { 1 atm) = 1/HCH • 4 4 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A conventional gas- liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium. The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm . pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not allowed for 
although its possible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
{ 1 )  L ' Air Liquide sample , minimum 

purity 9 9 . 9  mole per cent . 
{ 2 )  Touzart and Matignon or 

Serlabo sample , purity 9 9  mole per 
cent . 

ESTIMATED ERROR: 

o T/K = �0 . 1 ;  o H/atm = �6 % 
{ estimated by compiler) .  

REFERENCES : 



Benzene:  Pressure Above 0.2 M Pa 

COHPONENTS : 
1 .  Methane ; CH4 ; [ 7 4 -8 2- 8 ]  

2 .  Benzene ; c6H6 ; [ 7 1 - 4 3 - 2 ) 

CRITICAL EVALUATION : 

EVALUATOR : 
col in L .  Young 
Department of Physical Chemistry , 
University of Mel bourne . 
Parkvi l le ,  Victoria ,  3 0 52 
Austral i a .  
February 1 9 8 6 . 

51 1 

The system benzene + methane has been fair ly studied extensively but there 
is sti l l  a need for a definitive study . The tenperature and pressure ranges 
studied to date are as fol lows : Frol ich et a l . ( l ) ,  2 9 8  K up to 1 1  MPa , 
Schoch et a l . ( 2 ) , 3 1 1  K up to 3 6  MPa , E lbishlawi and Spencer ( 3 )  3 3 8 . 7  K up 
to 3 3  MPa , Lin et a l . ( 4 )  4 2 1  K to 5 0 1  K up to 2 4  MPa , Savvina ( 5 ) , 3 1 3  K to 
4 2 3  K up to 3 8  Mpa , Ipatieff and Monroe ( 6 ) , 3 7 3  K to 5 2 3  K up to 1 6  MPa , 
Sage et a l . ( 7 ) , 3 1 1  K to 3 7 7  K up to 2 1  MPa , Stepanova et a l . ( 8 )  at 2 7 3  tc 
3 3 3  K up to 36 Mpa and Legret , Richon and Renon , 3 1 3 . 2  K up to 37 MPa . 

The data of Fro l ich et a l . ( l )  were presented in graphica l form and are not 
of high accuracy . These data are c lassi fied as doubtful .  It is possible to 
compare the data of Schoch et a l . ,  Savvina , Stepanova et a l . ,  Sage et a l . 
and Legret et a l . at approximately the same temperature ( 3 1 3 . 2  K ) . There are 
significant di sagreements between the measurements ( i . e .  up to 0 . 0 5 for 
l iquid mo le fractions and 0 . 0 3 5  for the vapor mol e  fractions . Legret et 
a l . ' s  data are broadl y  consisent with the K-val ues of Savvina . However ,  the 
data of Schoch et a l . ,  Stepanova et a l . and Sage et a l . are a l l  broadly 
consisent with each other but deviate from Legret et a l . s data in the 
oppos ite direction to the data of Savvina . The data of Legret et a l . show 
less scatter than the data of other workers in this temperature region and 
are probably the most accurate . 

It is very difficult to establ ish which sets of data are the more 
rel 1able at high temperatures .  The data of Savvina are in disagreement with 
the data of Lin et a l . particu lar ly as regards the gas phase composition . A 
high temperatures the data of Lin et a l . are probably the most accurate . The 
older data of Ipatieff and Monroe are considerably less preci se than the 
more recent data of Lin et a l . and whi l e  detai led comparison i s  not poss ible 
it appears that the l iquid mol e  fraction data of Ipatieff and Monroe are 
s l ight ly too l arge . 

Therefore , a l though there i s  a need for a definitive study of 
this system , the data of Lin et a l . ( 4 )  and of Legret et a l . ( 7 )  are 
classified as tentative at present . 

References .  

1 .  Frol ich , P .  K . ; Tauch , E .  J . ; Hogan , J .  J . ; Peer , A .  A .  
I n d . En g ,  C h e m . , 1 9 3 1 , 2 3 1  5 4 8 . 

2 .  Schoch , E .  P . ; Hof fmann , A .  E . ; Kasperik , A .  S . ; Lightfoot , J .  H . ; 
Mayfie l d ,  F .  D .  
I n d . E n g . C h e m . , 1 9 4 0 , 3 2 1  7 8 8 . 

3 .  E l bishlawi , M. ; Spencer . J .  R . , 
I n d . En g .  C h e m . ,  1 9 5 1 , 4 3 ,  1 8 1 1 .  

4 .  Lin , H . -M . ; Sebastian , H .  M . ; Simnick , J .  J . ; Chao , K . -c . ; 
J .  Ch e m .  En g .  D a t a , 1 9 7 9 ,  2 4 1 1 4 6 . 

5 .  Savvina , Ya . D . ; 
----

T r . V s e s . N a u c h n o - I s s l e d . I n s t .  P r i r .  G a z o v . ,  1 9 6 2 , 1 7 ,  1 8 9 . 
6 .  Ipatieff , V .  N . ; Monroe , G .  S . ; 

I n d .  En g .  C h e m . ,  1 9 4 2 ,  1 4 , 1 6 6 . 
7 .  Sage , B .  H . ; Webster , D .  C . ; Lacey , W. N . ; 

I n d . En g .  C h e m . ,  1 9 3 6 , 2 8 , 1 0 4 5 .  
8 .  Stepanova , G .  S . ; Vybornova , Ya . I . ; Vel ikovskii ,  A .  S . ; 

G a z . D e 1 o .  N a u c h n o - T e c k n i c h e , S b o rn i k , ,  1 9 6 5 , 9 ,  3 .  
9 .  Legret , D . ; Richon , D . ; Renon , H . ; 

----

Am . I n s  t • C lJ e m . En g n r s . J • 1 1 9 8 1  , 2 7 , 2 0 3 • 



5 1 2  Benzene:  Pressure Above 0.2 MPa 

COMPONENTS : 
1 .  Methane ; CH 4 ;  [ 7 4-82-8 ]  

2 .  Benzene ; C 6H s ;  [ 71-43-2 ]  

VARIABLES : 
Pressure , 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Frolich , P . K . ; Tauch , E . J . ; 
Hogan , J . J . ; Peer , A . A .  

Ind .  Eng .  Chem . 1931 , 2 3 ,  54 8-550 

PREPARED BY : 
C . L .  Young 

T/K P/MPa 
* 

Solubility Mole fraction of + 
methane in liquid , 

2 9 8 . 1 5 1 . 0  
2 . 0  
3 . 0  
4 . 0  
5 . 0  
6 . 0  
7 . 0  
8 . 0  
9 . 0  

10 . 0  
11 . 0  

5 
11 
18 
26 
34 
4 2  
51 
60 
70 
80  
90  

XC Hz  

0 . 018  
0 . 03 9  
0 . 062 
0 . 0 8 7  
0 . 111 
0 . 133 
0 . 1 57  
0 . 18 0  
0 . 204  
0 . 22 6  
0 . 24 8  

* Data taken from graph in or iginal article . Volume of 
gas measured at 1 0 1 . 3 2 5  kPa pressure and 2 9 8 . 15 K 
dissolved by unit  volume of liquid measured under the 
same conditions .  

+ Calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATE RIALS : 

Static equilibrium cell . Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method. Allowance was made for the 
vapor pressure of the liquid and 
the solubility of the gas at 
atmospheric pressure . Details in 
source .  

Stated that the materials were 
the highe st purity available . 
Purity 9 8  to 9 9  mole per cent . 

ESTIMATED ERROR: 

± 5 %  

REFERENCES : 



Benzene :  Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 7 4 -82-8  

2 .  Benzene ; C 6 H 6 ; [ 7 1-4 3-2 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

p/psi P/MPa t 

310 . 9  1 4 4 8  9 . 9 8 3  
( 1 0 0 )  2 3 9 0  16 . 4 8 

344 . 3  1 4 5 6  10 . 04 
( 1 6 0 )  2 354  1 6 . 2 3  

37 7 . 6  1432  9 . 87 3  
( 2 2 0 )  2 310 15 . 9 3 

t calculated by compiler . 

ORIGINAL MEASUREMENTS : 

Sage , B .  H . ; Webste r ,  D .  C . ;  
Lacey , W .  N .  

Ind . Eng . Chern . 

1936 , 2 8 , 1045-10 4 7 . 

PREPARED BY : 

c .  L .  Young 

Mass fraction 
of methane 

0 . 04 3 1  
0 . 0757  

0 . 0 4 3 1  
0 . 0757  

0 . 0 4 31 
0 . 0757  

Mole fraction t 
of methane , 

xCH4 

0 . 17 9 7  
0 . 2 8 4 9  

0 . 17 9 7  
0 . 2 8 4 9  

0 . 17 9 7  
0 . 2 8 4 9  

AUXILIARY INFORHATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 
known composition . Pressure 
measured with pressure balance . 
Bubble point determined from the 
discontinuity in the pressure , 
volume i sotherm. Details of 
apparatus in ref . { 1 ) . 

SOURCE AND PURITY OF HATERIALS : 

1 .  Prepared from natural gas , 
treated for removal of higher 
alkanes , carbon dioxide and 
water vapor . Final purity 
9 9 . 9  mole per cent . 

2 .  Thiophene-free sample . 

ESTIHATED ERROR: 

o T/K = ± 0 . 1 ; oP/MPa = ± 0 . 02 ;  

= ± 0 , 002  { estimated by 
compiler ) • 

REFERENCES : 

1 .  Sage , B .  H . ; Lacey , W .  N .  
Ind .  Eng . Ch ern . 

1934 1 2 6 1 103 , 

5 1 3  



514  Benzene:  Pressure Above 0 .2  MPa 

COMPONENTS :  

1.  Methane ; CH � ;  [ 74-82-8 ]  

2 .  Benzene , C 6 H 6 ; [ 71-4 3-2 ] 

VARIABLES :  

Pressure 

EXPERIMENTAL VALUES : 

T/K 

311 . 0 8 

P/MPa 

1 0 . 51  
13 . 71 
17 . 3 3 
2 0 . 7 7  
21 . 4 6 
24 . 24 
2 8 . 13 
31 . 4 8  
35 . 08 
35 . 5 6 
35 . 8 4 

ORIGINAL MEASUREMENTS : 

Schoch , E .  P .  ; Hoffmann , A .  E . ;  
Lightfoot, J .  H . ;  Kasperik , 

Mayfield , 
Ind .  Eng . 

PREPARED BY : 

A .  S . ; 
F .  D .  
Chern . 1 9 4 0 , 3 2 ,  788-7 9 1 .  

C .  L .  Young 

Mole fraction of methane in liquid,  
xCH � 

0 . 19 4 6  
0 . 24 5 3  
0 . 3025  
0 . 35 5 0  
0 . 3 6 4 2  
0 . 4 0 75 
0 . 46 8 5  
o .  5 34 0  
0 . 6 2 8 5  
0 . 6 6 7 1  
0 . 7601  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Rocking equilibrium cell fitted with 

stirring paddles . Temperature 
measured with Beckmann thermometer 
calibrated against standard plati-
num resistance thermometer . Pres-
sure measured with Bourdon gauge . 
Details in source . Samples in
j ected into cell using mercury 
displacement, equilibrium pressure 

measured . Bubble point determined 

from change in slope of pressure
volume isotherms . Details in 
source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Crude sample treated for re
moval of oxygen , carbon dioxide , 
water vapor and liquids con
densible at 2 0 0  K .  Distilled . 

2 .  Sample distilled , details in 
source . 

ESTIMATED ERROR: 

o T/K = ± 0 . 01 ;  oP/MPa = ± 0 . 5 % ;  

o XCH� 
= ± 0 . 001  (estimated by 

compiler) • 

REFERENCES : 



Benzene: Pressure Above 0.2 MPa 5 1 5  

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82- 8 ]  

2 .  Benzene ; C G H G : [ 71-4 3-2 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K T/°C P/atm P/MPa 

373  100  31  3 . 1  
7 1  7 . 2  
9 9  10 . 0  

103  10 . 4  
3 9 8  1 2 5  3 4  3 . 4  

7 3  7 . 4  
1 0 3  10 . 4  
113 11 . 4  

4 2 3  1 5 0  39  4 . 0  
80  8 . 1  

109 11 . 0  
122  12 . 4  

4 4 8  175  43  4 . 4 
8 7  8 . 8  

119  12 . 1  
132  13 . 4  

4 7 3  200  50  5 . 1  
96  9 . 7  

134  13 . 6  
142  14 . 4  

a g of methane per 100  

AUXILIARY 

METHOD/APPARATUS/PROCEDURE : 

Rotating bomb of 3 . 5  dm 3 capacity . 
Pressure measured with a Bourdon 
gauge and temperature measured with 
thermocouple . Methane in both 
liquid and gaseous samples deter
mined by stripping out benzene at 
low temperature and e stimating 
methane volumetrically . Benzene 
estimated gravimetrically . 

ORIGINAL MEASURE�NTS : 

Ipatief f ,  v .  N . ; Monroe , G .  s .  

Ind . Eng . Chem . Ana l. .  Edn . 

19 4 2 , 1 4 , 166-17 1 .  

PREPARED BY : 

c . L .  Young 

Mole fraction of 
Solubilitya methane 

xCH4 

1 . 3  0 . 0 6 0  
3 . 4  0 . 14 2  
4 . 8  0 . 18 9  
5 . 1  0 . 19 9  
1 . 35 0 . 06 2  
3 . 4  0 . 142  
5 . 0  0 . 19 6  
6 . 0  0 . 18 8  
1 . 4 0 . 06 4  
3 . 6 5 0 . 151  
5 . 7  0 . 217 
7 . 0  0 . 25 4  
1 .  5 5  0 . 07 0  
4 . 0  0 . 16 3  
6 . 7  0 . 2 4 6  
8 . 2  0 . 2 8 5  
1 .  7 5  0 . 07 7  
4 . 6  0 . 18 3  
8 . 5  0 . 29 3  
9 . 6  0 . 319 

g benzene . 
( cont . ) 

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Carbide and Carbon Chemicals 

Corp . sample , containing about 
9 6 . 0  mole per cent methane and 
4 . 0  mole per cent nitrogen . 

2 .  Baker C . P .  thiophene-free sample 
n� 0 1 . 5012 . 

ESTIMATED ERROR: 

o T/K = ± 0 . 5 :  oxcH4 = ± 5 %  

( e stimated by compiler ) .  

REFERENCES : 



51 6 Benzene:  Pressure Above 0.2 MPa 

COMPONENTS : ORIGINAL HEASUREZ.IENTS : 

l .  Methane ; CH 4 ;  [ 74-82-8 ] Ipatieff , V .  N . ; Monroe , G .  s .  
Ind.  Eng . Chern . Ana l. .  Edn . 

2 .  Benzene; C 6 H 6 ; [ 7 1-43-2 ] 1942 , 1 4 ,  166-17 1 .  

EXPERIMENTAL VALUES : 

Solubilitya Mole fraction of 
T/K T/°C P/atm P/MPa methane 

XCH4 

4 9 8  2 2 5  5 8  5 . 9  2 . 1  0 . 09 3  
104 10 . 5  5 . 5 5 0 . 213  
153  15 . 5  13 . 2  0 . 39 1  
153 15 . 5  1 1 . 9 0 . 3 67 

523 250  7 1  7 . 2  2 . 7  0 . 116 
117 11 . 9  7 . 9  0 . 2 7 8  

4 5 8  1 8 5  9 1  9 . 2  4 . 2  0 . 170 
338  6 5  9 1  9 . 2  4 . 0  0 . 16 3  
4 8 8  215  101  10 . 2  5 . 1  0 . 19 9  
39 3 120 101 10 . 2  5 . 0  0 . 19 6  

101 10 . 2  4 . 9  0 . 19 3  
513  240  111 11 . 2  6 . 5  0 . 2 40 
4 2 8  1 5 5  111 11 . 2  5 . 9  0 . 2 2 3  
395 122  111 11 . 2  5 . 9  0 . 22 3  
525  2 5 2  121 12 . 3  9 . 0  0 . 305 
450  177  121 12 . 3 6 . 9  0 . 2 52 
420 147 121 12 . 3  6 . 9  0 . 25 2  
4 6 8  195  131 13 . 3  8 . 1  0 . 2 8 3  
4 4 5  172  131 13 . 3  8 . 1  0 . 2 8 3  
4 8 1  2 0 8  1 4 1  14 . 3  9 . 6  0 . 319 
471  198  141  14 . 3  9 . 5  0 . 316 

a g of methane per 100 g benzene.  

' 



Benzene :  Pressure Above 0.2 MPa 5 1 7  

COMPONENTS: 

1 .  Methane ; CH� ; [ 7 4-82- 8 ]  

2 .  Benzene ; C 6 H 6 ; [ 71-43-2]  

VARIABLES :  

Pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

ORIGINAL MEASURE�NTS: 

E lbishlawi I r� . ; Spencer I J .  R .  

Ind. Eng . Chern.  1951,  43,  1811-5 

PREPARED BY : 

C . L .  Young 

Hole fraction of methane 
in liquid , in vapor 

xCH� YcH�  
------------------------------------------------------------------------

3 3 8 . 71  0 . 6 8 9  
1 .  0 3 4  
1 .  3 7 9  
2 .  7 5 8  
4 . 137 
5 . 516 
6 . 8 9 5  

10 . 3 4 
13 . 7 9 
17 . 24 
2 0 . 6 8 
24 . 13 
27 . 5 8 
28 . 9 6 
3 0 . 3 4 
31 . 7 2 
3 3 . 09 

0 . 014 
0 . 022  
0 . 03 0  
0 . 0 60  
0 . 0 9 0  
0 . 118 
0 . 14 6  
0 . 213 
0 . 27 8  
0 . 3 4 0  
0 . 4 0 0  
0 . 4 55 
0 . 514 
0 . 53 8  
0 . 5 6 5  
0 . 6 03 
0 . 6 9 5  

0 . 9 2 5  
0 . 947  
0 . 9 5 7  
0 . 9 77 
0 . 9 8 0  
0 . 9 8 0  
0 . 97 7  
0 . 97 4  
0 . 9 6 4  
0 . 9 6 3  
0 . 9 5 6  
0 . 9 5 0  
0 . 9 3 5  
0 . 923  
0 . 9 0 0  
0 . 865  
0 . 77 5  

AUXIL IARY INFORNATION 

METHOD /APPARATUS/PROCEDURE : 

Equil ibrium cell fitted with vapor 
sampling port . Calibrated mercury 
inj ection pump . Details in sourc e .  
Components charged into cell , 
pressure raised by inj ection of 
mercury . Cell rocked to establish 
equilibrium . Portions of mercury 
withdrawn and curve relating change 
in volume to pressure obtained . 
Bubble point established from 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . pure sample 
purity 9 9  mole per cent impurities 
ethane ( - 0 . 5  mole per cent) and 
nitrogen ( - 0 . 3  mole per cent) 
trace of carbon dioxide . 

2 .  Commercial sample purified by 
distillation . 

change in slope . Vapor phase 
sample analysed . Details in source . �
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o T/K = ± 0 . 7 ;  o P/MPa = ± 0 . 01 ;  
oxCH� '  oyCH� = ± 0 . 0 0 1 .  
( estimated by compiler) • 

REFERENCES : 



5 1 8  Benzene:  Pressure Above 0.2 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] Savvina , Ya . D .  
2 .  Benzene ; cs Hs ; [ 7 1-43-2 ] Tr . Vse s .  Nauahno- Is s ted.  Ins t .  

Prirodn . Gazov . ,  1 9 6 2 , 1 7/2 5 , 
1 8 5 - 1 9 6 . 

VARIABLES : PREPARED BY : 

Temperature ,  pressure c .  L .  Young 

EXPE RIMENTAL VALUES : 

T/K P/kgcm- s P/Mpa K-va 1 ue 
( t/ C )  methane benzene 

3 1 3 . 2  20  1 .  96  1 7 . 94 o .  0 1 3  
( 4 0 )  50 4 . 9 0 7 . 8 0 0 . 01 0  

1 0 0  9 . 8 1 4 . 3 8 0 . 01 2  
1 5 0  1 4 . 7  3 . 1 8 0 . 0 1 7  
200  1 9 . 6  2 . 5 9 0 . 02 4  
2 5 0  24 . 5  2 . 2 1 0 . 03 5  
2 8 5 27 . 9  2 . 0 2 0 . 0 5 3  
3 0 0  29 . 4  1 .  95 0 . 06 5  
320  3 1 . 4  1 .  8 3  0 . 1 05  
3 50 34 . 3  1 .  6 1  0 . 1 9 3  
3 7 0  36 . 3  1 .  37 0 . 3 5 9  
3 8 1  3 7 . 4  1 .  04  0 . 85 4  

33 3 . 2  20  1 .  96  1 8 . 1 5 0 . 02 1  
( 6 0 )  50  4 . 9 0 8 . 08 0 . 0 1 5  

1 00 9 . 8 1 4 . 4 7 0 .  02 0 
1 5 0  1 4 . 7 3 . 3 2 0 . 0 2 8  
200  1 9 . 2  2 . 6 5 0 . 04 4  
2 5 0  2 4 . 5  2 . 2 4 0 . 05 9  
280  27 . 5  2 . 06 0 . 08 2  
3 0 0  29 . 4  1 .  94 0 . 1 0 1  
3 2 0  3 1 . 4  1 .  8 3  0 . 1 3 0  
340  3 3 . 3  1 .  6 1  0 . 2 24  
3 5 0  3 4 . 3  1 .  44  0 . 3 2 4  
3 6 2  3 5 . 5  1 . 1 3  0 . 70 3  

AUXI LI ARY IN FORNATION 

METHOD 'APPARATUS /PROCEDURE.: • Va lues appear to be determ1ned 
using apparatus described in ref . ( 1 ) .  

SUURCI:.. ANU . P1U RI TI O F  HAH .RI ALS : No cteta1 s g1ven 

l:.STIMATED ERROR: 

REFERENCES : 

1 .  Savvina , Ya . D . ; Ve1ikovskii , A .  S .  
Tr . Vs e s .  Nauahno-Iss ted .  Ins t .  
Prirodn . Ga zov . ,  19 62 , 1- 7/25 , 16 3 .  



Benzene :  Pressure Above 0.2 MPa 5 1 9  

COHPONENTS : EVALUATOR : 

1 .  Methane;  CH4 ; [ 7 4-82-8 ] Savvina , Ya . D .  
2 .  Benzene ; C s H 6 ; [ 7 1 - 4 3 - 2 ] Tr . Vs e s .  Nauahno-Iss Zed.  Ins t .  

Prirodn . Gazov . , 1 9 6 2 ,  1 7/25 , 
1 85- 1 9 6 .  

CRITICAL EVALUATION : 

T/K P/kgcm - j  P/Mpa K-va1ue 
( t/ C )  methane benz ene 

3 5 3 . 2  20  1 .  9 6  1 8 . 6 3 0 . 03 2  
( 80 ) 50 4 . 9 0 8 . 5 7 0 . 02 4  

1 0 0  9 . 8 1 4 . 5 8 0 . 0 3 0  
1 5 0  1 4 . 7  3 . 3 9 0 . 04 2  
2 0 0  1 9 . 6  2 . 7 2 0 . 05 7  
2 3 0  2 2 . 6  2 . 4 2 0 . 08 2  
250  2 4 . 5  2 . 2 7 0 . 08 7  
270  2 6 . 5  2 . 1 0 0 . 1 1 5  
300  2 9 . 4  1 .  8 8  0 . 1 4 7  
3 2 0  3 1 . 4  1 .  6 7  0 . 2 0 2  
3 4 0  3 3 . 3  1 .  3 1  0 . 4 7 3  
3 4 3  3 3 . 6  1 .  05  0 . 86 2  

37 3 . 2  20  1 .  9 6  1 9 . 77 0 . 05 4  
( 1 0 0 )  50 4 . 9 0 8 . 80 0 . 03 6  

1 0 0  9 . 8 1  4 . 67 0 . 04 0  
1 5 0  1 4 . 7  3 . 4 3 0 . 05 4  
200  1 9 . 6  2 . 6 9 0 . 07 4  
2 3 0  2 2 . 6  2 . 3 5 0 . 1 0 0  
2 5 0  2 4 . 5  2 . 1 9 0 . 1 1 6  
2 7 0  2 6 . 5  2 . 0 0 0 . 1 4 7  
300  2 9 . 4  1 . 7 2 0 . 2 1 4  
3 1 5  3 0 . 9  1 .  4 8  0 . 34 5  
3 2 3  3 1 . 7  1 . 1 7 0 . 65 8  

39 3 . 2  20  1 .  9 6  20 . 46 0 . 08 2  
( 1 2 0 )  50  4 . 9 0 8 . 8 2 0 . 05 2  

1 0 0  9 . 8 1  4 . 85 0 . 05 9  
1 5 0  1 4 . 7  3 . 3 7 0 . 07 2  
2 0 0  1 9 . 6  2 . 5 6 0 . 09 9  
2 3 0  2 2 . 6  2 . 2 5 0 . 1 3 5  
2 5 0  2 4 . 5  2 . 0 8  0 . 1 6 1  
2 7 0  2 6 . 5  1 .  9 0  0 . 20 0  
2 9 0  2 8 . 4  1 .  59 0 . 3 2 0  
3 0 0  2 9 . 4  1 .  3 6  0 . 4 8 0  
3 0 5  2 9 . 9  1 .  07  0 . 85 0  

4 2 3 . 2  2 0  1 .  9 6  2 1 . 00 0 . 1 2 3  
( 1 5 0 )  50  4 . 9 0 8 . 3 3 0 . 08 4  

1 0 0  9 . 8 1 4 . 3 6 0 . 09 2  
1 5 0  1 4 . 7  3 . 2 6  0 . 1 1 4  
2 0 0  1 9 . 6  2 . 4 2  0 . 1 4 5  
2 3 0  2 2 . 6  2 . 0 8 0 . 1 9 9  
2 5 0  2 4 . 5  1 .  80  0 . 2 8 6  
2 7 0  2 6 . 5  1 . 1 5 0 . 7 5 7  



520 Benzene: Pressure Above 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] Lin , H-M. ; Sebastian , H . M . ; 
Simnick , J . J . ; Chao , K-C .  

2 .  Benzene ; C6 H 6 ; [ 7 1-43-2 ] 
J. Chern . Engng . Data , 1979 , 2 4 ,  
146-9 . 

VARIABLES : PREPARED BY : 

Temperature , pressure c .  L .  Young 

EXPERIMENTAL VALUES :  

Mole fraction of methane 
T/K p/atrn p/MPa in liquid , XCH4 in gas , YcH4 

4 2 1 . 1 19 . 6 1 1 .  9 8 7  0 . 0 2 5 2  0 . 6516 
3 3 . 0 1  3 . 34 5  0 . 0502  0 . 7 6 3 0  
4 6 . 6 9 4 . 7 3 1  0 . 0 8 2 3  0 . 7 9 9 4 
9 9 . 5 0 10 . 0 8 2  0 . 17 3 9  0 . 8 2 0 8  

148 . 2 9 15 . 0 2 5  0 . 2 6 5 1  0 . 8140  
2 00 . 6 8 20 . 3 34  0 . 3 7 5 4  0 . 7 80 9  
2 3 9 . 4 6  24 . 2 6 3  0 . 4 9 4 7  0 .  7222  

46 1 . 9  29 . 8 2 3 . 0 2 2  0 . 0 3 4 6  0 . 5285  
50 . 5 0 5 . 1 17 0 . 0 7 6 2  0 . 6439  
9 9 . 6 3 10 . 0 9 5  0 . 18 0 1  0 .  7120 

136 . 7 9  13 . 8 6 0 0 . 2 609  0 . 7 2 5 0  
160 . 8 7 16 . 3 00 0 . 3179  0 .  7 16 3  

5 0 1 . 2  50 . 5 7 5 . 124  0 . 0 6 4 8  0 . 4 4 8 5  
72 . 0 1 7 . 2 96  0 . 1145 0 . 5 326 

100 . 24 10 . 15 7  0 . 18 06 0 . 5 7 15 
125 . 3 6 12 . 7 02 0 . 2464  0 . 5 564  
134 . 89 13 . 6 6 8  0 . 2 8 4 2  0 . 5418 
14 3 . 6 7 14 . 5 5 7  0 . 3 2 4 3  0 . 5153  

AUXI LIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually passing 
into a mixing tube and then into a 
cel l  in which phases separated under 
gravity . Liquid sample removed from 
bottom o f  ce ll and vapor sample from 
top of cel l .  Compos ition determined 
by gas chromatography . Details in 
source and ref . ( 1 ) . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Matheson sample with purity better 
than 99 mole per cent . 

2 .  Mallinckrodt Co . sample , 
Analytical reagent with 0 . 5 ° C 
boiling point range . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/MPa � ±0 . 0 3 ;  
oxcH ' oy cH = ±2%  

4 4 
REFERENCES : 

1 .  Simnick , J . J . ; Lawson , C . C . ; 
Lin , H-M. ; Chao , K-C.  Am . Ins t .  
Chern . Engnrs . J. , 1977 , 2 3 ,  4 6 9 .  



Benzene:  Pressure Above 0.2 MPa 521 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ] Legret ,  D . ; Richon , D . ; Renon , H .  

2 .  Benzene ; C 5 H 6 ; [ 71-43-2 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

J .  Chern. Engng . Data 

1982 , 2 7 , 165-16 9 .  

PREPARED BY : 

c .  L .  Young 

T/K = 313 . 2  

Mole fraction of methane 
in liqui d ,  i n  vapor, 

xCH 4 Y CH 4 

36 . 6  0 . 0 9 8 6  0 . 9 8 7  

101 . 0 0 . 210  0 . 9 87a 

0 . 212  -

14 8 . 7  0 . 2 8 7  0 . 9 8 6  
o .  2 8 8  -

199 . 8  0 . 36 9  0 . 9 8 4a 

0 . 36 7  -
2 50 . 3  0 . 44 2  0 . 9 7 7  

0 . 439  -

310 . 4  0 . 52 1  0 . 9 5 1  
351 . 1  0 . 59 3  0 . 8 8 3  

0 . 58 6  -
368 . 7  0 . 6 6 1  0 . 8 36  

- 0 . 840  
3 7 4 . 2  0 . 6 8 8  0 . 801  

- 0 . 80 5  

a interpolated values . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

High pres sure static cell fitted 
with magnetic stirrer . Pressure 

measured with transducer calibrated 
by comparison with Heise gauges 
which were checked periodically 
calibrated against a dead weight 
tester . Temperature measured with 
K type iron-constantan thermo-

couples .  Sampling microcell used 
and samples analysed using gas 
chromatography . 
( l ) • 

Details in ref .  

SOURCE AND PURITY OF MATERIALS : 

1 .  Air-Gas sample , purity at least 
99 . 95 volume per cent . 

2 .  Merck sample , stated purity by 
GC of 9 9 . 7  per cent .  

ESTIMATED ERROR: 

o T/K = ± 0 . 2 5 ;  op/MPa = ± O . l ; 
o xcH 4 

= ± O . ol ;  o ycH 4 
= ± o . o o 5 .  

REFERENCES : 

l .  Legre t ,  D . ; Richon , D . ; 
Renon , H .  
Am . Ins t .  Chern.  Eng.  J .  
19 8 1 ,  2 7 1  2 0 3 . 



522 Benzene: Pressure Above 0.2 M Pa 

COHPONENTS : EVALUATOR : 
1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Methylbenzene ; c 7H8 ; 
[ 1 0 8-88-3 ] 

Col in L .  Young 
Department of Physical Chemi stry , 
University of Melbourne . 
Parkvi l l e ,  Victoria , 3052  
Austra lia.  
February 1 9 86 . 

CRITI CAL EVALUATION : 

Thi s system has been studied by several workers and data are avai l able fo1 
the temperature range 1 8 8 . 7  K to 5 4 3 . 2  K. At the higher temperatures the 
data of Chao and coworkers ( 1 )  are thought to be rel iab l e .  These workers 
have recent ly made extensive studies of ga s solubi lities of hydrogen , 
methane and carbon dioxide in numerous solvents and , in general , their data 
are reliab l e .  The data of Savvina and Ve likovski ( 2 , 3 )  are in significant 
disagreement with those of Chao and coworkers ( 1 ) .  As pointed out by the 
latter workers the mo le  fraction of to luene in the vapour phase in Savvina 
data at 4 23 . 2  K are probably about one order of magnitude too smal l .  

The low temperature range ha s been studied by Kobayashi and coworkers 
( 4 , 5 ) .  The data of Chang and Kobayashi ( 4 )  are thought to be unre liable  and 
are classified as doubtf ul . More recent work by Kobayashi and coworkers ( 5 )  
has indicated considerable error in the ear l ier work particularly at 
pressures above 1 0  MPa which has been attributed to sampl ing and/or ana lysif 
error s .  The data of Kobayashi and coworkers ( 5 )  for the temperature range 
1 8 8 . 7  K to 2 7 7 . 6  K are c l assif ied as tentative . Legret , Richon and Renon ( 6 )  
have made careful measurements at 3 1 3 . 2  K on this sys tem . Comparison of 
their data with that of Savvina ( 2 )  and Elbishlawi and Spencer ( 7 )  suggests 
that the data of El bishlawi and Spencer is inaccurate and the low 
temperature data of Savvina is , at least , consistent with the data of 
Legret,  Richon and Renon ( 6 ) . 

Therefore the data of Chao and coworkers ( 1 ) ,  Legret , Richon and Renon ( 6 )  
and Kobayashi and coworkers are classi fied rs tentative . The data of Savvin< 
( 2 )  is thought to be of reasonab le accuracy at l ower temperatures but 
inaccurate at the higher temperatures . The data of Chang and Kobayashi ( 4 )  
and Elbishl awi and Spencer ( 7 )  are classified as doubtful . 

References . 

1 .  Lin , H . -M. ; Sebastian , H .  M . ; Simnick , J .  J . ; Chao , K .  -c . ; 
J . Ch e m .  En g .  D a t a , 1 9 79 , 2 4 , 1 4 6 . 

2 .  Savvina , Ya . D .  
Tr . V s e s . Na u c h n o - I s s l e d . I n s t .  P r i r .  G a z o v . ,  1 96 2 , l 7 , 1 8 9 .  

3 .  Savvina , Ya . D . ; Ve l ikovski , A. s . ; 
Z h . F � z .  K h �m . , 1 9 5 6 ,  3 0 ,  1 5 9 6 . 

4 .  Chang , H .  L . ; Kobayashi , R .  
J ,  Chem . En g .  D a t a , 1 9 6 7 ,  1 2 ,  5 1 7 .  

5 .  Lin , Y .  N . ; Hwang , s .  c .  ; Kobayashi , R . ; 
J .  Ch e m .  En g ,  Da t a , 1 9 7 8 ,  2 3 ,  2 3 1 . 

6 .  Elbishlawi , M .  ; Spencer . J .  R . ' 
I n d .  En g .  Chem . ,  1 9 5 1 , 4 3 ,  1 8 1 1 .  

7 .  Legret , D .  ; Richon , D . ; Renon , H • ; 
Am . I n s t .  Chem . E n g n r s . J . , 1 9 8 1 , 2 7 ,  2 0 3 .  



Methylbenzene: Pressure Above 0.2 MPa 

COMPONENTS :  ORIGINAL MEAS UREMENTS: 

1 .  Methane ; CH4 ; [ 7 4 -8 2- 8 ] Elbishlawi , M . ; Spencer , J .  R . ; 

523 

2 .  Methylbenzene ; c 7H8 ; [ 1 0 8 - 8 8 - 3 ) I n d . En g .  C h e m . , 1 9 5 1 , 4 3 ,  1 8 1 1 -5 .  

VARIABLES :  P REPARED BY : 

Pres sure c .  L .  Young 

EXPERIMENTAL VALUES: 

T/K P/MPa Mo l e  f raction of methane 
in l iquid, x in vapor, y 

3 3 8 . 7 1 6 . 8 9 0 . 0 1 7  0 . 9 7 3  
2 0 . 6 9 0 . 05 2  0 . 9 8 7  
3 4 . 4 8  0 . 0 8 5  0 . 9 9 0  
4 8 . 2 8 0 . 1 2 0 0 . 99 0  
68 . 9 5 0 . 2 52 0 . 98 7  

1 0 3 . 4 3 0 . 3 2 5  0 . 98 5  
1 3 7 . 9 0 0 . 3 9 3  0 . 98 0  
1 7 2 . 3 8  0 . 4 5 2  0 . 9 7 6  
2 0 6 . 8 5  0 . 5 05  0 .  9 7 1  
2 4 1 . 3  0 . 5 54  0 . 96 2  
2 7 5 . 8  0 . 6 0 4  0 . 94 5  
3 1 0 . 3 0 . 6 6 4  0 . 9 1 9  
3 4 4 . 8  0 . 6 8 0  0 . 9 1 0  
3 5 1 . 7  0 . 7 0 0  0 . 89 5  
3 6 5 . 4  0 . 7 2 9  0 . 8 7 0  

AUXI LIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Equ i l ibrium cel l  f itted with vapor 
sampl ing port . Cal ibrated mercury 
i n j ection pump . Deta i l s  in sourc e .  
Components charged i nto cel l ,  pressur� 
rai sed by i n j ection of mercury.  Cel l 
rocked to establ ish equ i l ibrium . 
Portions of mercury withdrawn and 
curve rel ating change in vol ume to 
pressure obtained . Bubbl e  point 
estab l i s hed from change i n  s l ope . 
Vapor phase sample anal ysed . Deta i l s  
in source . 

1 .  Phi l l ips Petrol eum Co . pure 
samp l e ,  purity 99 mo le per 
cent : impurities ethane ( - 0 . 5  
mol e  per cent ) and nitrogen 
( - 0 . 3  mol e  per cent ) and a 
trace of carbon dioxide . 

2 .  Commercial sample pur i f ied by 
distil l ation . 

ESTIMATED ERROR: 
() T/K = ± 0 .  7 ;  
'dx/x, 'd y/y 

( estimated 

REFERENCES : 

() P/MPa = ± 0 . 0 1 ;  
= ± 0 . 0 0 1  

b y  compi l er ) .  



524 Methylbenzene:  Pressure Above 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Nethane; CH4 ; [ 7 4-82- 8 ]  Chang , H . O . ; Kobayashi , R .  

2 .  Hethylbenzene , (Toluene) ; C,He ; 
[1 08-88-3 ]  

J .  Chern . Engng . Data . 1967, 1 2, 
517-5 2 0 .  

VARIABLES : 

Temperature ,  pres sure 

EXPERIMENTAL VALUES : 

T/K P/HPa 

255 . 4  0 . 6 8 9 5  
1 .  3 7 9  
2 . 7 5 8  
4 . 137 
5 . 516 
6 . 8 9 5  
8 . 61 8  

10 . 34  
12 . 07 
13 . 7 9 
17 . 24  
2 0 . 6 8 
24 . 13 

2 4 4 . 3  0 . 6 8 9 5  
1 .  3 7 9  
2 . 7 5 8  
4 . 1 37 
5 . 516 
6 . 8 95  
8 . 6 18 

1 0 . 34  
12 . 07 
13 . 7 9 
17 . 24  

METHOD /APPARATUS /PROCEDURE : 

PREPARED BY : 

C . L .  Young 

Mole fraction of methane 
in liquid, in vapor , 

xCH 4 YcH4 

0 . 0193  0 . 9979  
0 . 03 9 0  0 . 9 9 8 8  
0 . 07 4 0  0 . 9 9 9 1  
0 . 1120 0 . 9 9 9 1  
0 . 14 9 5  0 . 9 9 91 
0 . 1 8 61 0 . 9 9 9 0  
0 . 2230  0 . 9 9 9 0  
0 . 2660  0 . 9 9 8 9  
0 . 30 4 0  0 . 9 9 8 6  
0 . 3 5 0 0  0 . 9 9 8 2 
0 . 4 3 3 0  0 . 9 9 7 3  
0 . 4 9 5 0  0 . 9 9 5 9  
0 . 5 4 0 0  0 . 9 9 3 7  

0 . 0 2 0 9  0 . 9 9 8 8  
0 . 0410  0 . 9 9 9 3  
0 . 0 8 1 5  0 . 9 9 9 5  
0 . 1211 0 . 9 9 9 6  
0 . 1609  0 . 9 9 9 6  
0 . 19 8 9  0 . 9 9 9 5  
0 . 2 4 6 5  0 . 9 9 9 4  
0 . 29 0 0  0 . 9 9 9 3  
0 . 3300  0 . 9991  
0 . 3 6 5 0  0 . 9 9 8 9  
0 . 4 4 5 0  0 . 9 9 8 3  

AUXI LIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

Recirculating vapor flow apparatus 1 .  Hatheson Co . sample , purity 
9 9 . 9 9 mole per cent.  with magnetic vapor pump . Pressure 

measured with Bourdon gauge and 
temperature with thermopile . Samples 2 .  
o f  both phases analysed using gas 
chromatography with flame ioni zation 
detector.  Details in ref . ( 1 )  and 
( 2 )  • 

Phillips Petroleum sample , 
purity 9 9 . 96 mole per cent . 

ES TIMATED ERROR: 

oT/K = ± 0 . 01 ;  oP/HPa = ± 0 . 015 ; 
o ( l-xCH4 ) ,  o ( l-yCH4 ) = ± 5 % or 
less . 

REFERENCES : 
1 .  Chang , H . L . ; Ph . D . The s i s .  

Rice University ,  Houston , Texas , 
1966 , 

2 .  Chang , H . L . ; Hunt , L .J .  and 
Kobayashi , R .  Am . Ins t .  Ch ern . 
Engnrs . J. l 9 6 5, 1 2, 1212 . 



Methylbenzene:  Pressure Above 0.2 MPa 525 

COHPONENTS : ORIGINAL }1EASURE��ENTS : 

1 .  Methane ; CH � ; [ 74-82-8 ]  Chang , H.  0 .  ; Kobayashi , R .  

2 .  Hethylbenzene , (Toluene) ; c , H e ; J .  Chem . Engng . Data . 1967 ,  1 2, 
[ 108-88-3 ]  517- 520 . 

EXPERIMENTAL VALUES :  
Hole fraction of methane 

T/K P/MPa in liquid,  in vapor , 
xCH� YcH� 

2 4 4 . 3  2 0 . 6 8 0 . 5100  0 . 9 9 7 4  
24 . 13 0 . 5650  0 . 9 9 5 9  

2 33 . 2  0 . 6 8 9 5  0 . 02 3 0  0 . 9 9 9 4  
1 .  3 7 9  0 . 04 5 2  0 . 99 9 7  
2 . 7 5 8  0 . 0867  0 . 9 9 9 8  
4 . 137  0 . 1 2 9 6  0 . 9 9 9 8  
5 . 516 0 . 17 2 9  0 . 9 9 9 8  
6 . 8 9 5  0 . 2150  0 . 9 9 9 8  
8 . 61 8  0 . 2 6 2 8  0 . 9 9 9 7  

10 . 34 0 . 3 0 9 9  0 . 9 9 9 6  
12 . 07  0 . 3 5 4 0  0 . 9 9 9 5  
13 . 7 9 0 . 3 9 5 1  0 . 9 9 9 4  
17 . 2 4 0 . 4 6 5 0  0 . 9 9 9 0  
20 . 6 8  0 . 5315  0 . 9 9 84 
24 . 1 3 0 . 5 8 2 0  0 . 9974  

2 22 . 0  0 . 6 8 9 5  0 . 0251  0 . 9 9 9 7 0  
1 .  3 7 9  0 . 04 9 9  0 . 9 9 9 8 3  
2 . 7 5 8  o .  0 9 7 2  0 . 9 9 9 8 9  
4 . 1 37  0 . 14 2 5  0 . 9 9 9 9 0  
5 . 516  0 . 19 2 0  0 . 9 9 9 9 0  
6 . 89 5  0 . 2 3 2 8  0 . 9 9 9 8 8  
8 . 618  0 . 2 8 4 0  0 . 9 9 9 85 

10 . 34 0 . 3300  0 . 9 9 9 81 
12 . 07 0 . 3 7 6 0  0 . 9 9 9 7 5  
13 . 7 9 0 . 41 9 8  0 . 9 9 9 6 8  
1 7 . 24 0 . 4 9 7 9  0 . 9 9 9 4 8  
20 . 6 8 0 . 5 6 7 0  0 . 9 9 911 
24 . 13 0 . 6 2 5 1  0 . 9 9 8 4 0  

210 . 9  0 . 6 8 9 5  0 . 0287  0 . 9 9 9 8 8  
1 .  3 7 9  0 . 0551  0 . 9 9 9 9 3  
2 . 7 5 8  0 . 1061  0 . 9 9 9 9 5  
4 . 137  0 . 1 6 0 5  0 . 9 9 9 9 5  
5 . 516 0 . 2 051 0 . 9 9 9 9 5  
6 . 8 9 5  0 . 2510  0 . 99 9 9 4  
8 . 6 18 0 . 3054  0 . 9 9 9 9 3  

10 . 34  0 . 3 5 3 5  0 . 9 9 9 9 1  
12 . 07  0 . 4 015  0 . 9 9 9 89 
13 . 79 0 . 4 5 0 0  0 . 99 9 85 
17 . 2 4 0 . 5 3 0 0  0 . 9 9 9 7 5  
2 0 . 6 8 0 . 6 012 0 . 9 9 9 5 5  
24 . 13 0 . 6 6 1 9  0 . 9 9 9 1 3  

19 9 . 8  0 . 6 89 5  0 . 0 3 2 2  0 . 9 9 9 9 6  
1 .  3 7 9  0 . 0621  0 . 9 9 9 9 7  
2 . 7 5 8  0 . 1184  0 . 9 9 9 9 8  
4 . 137  0 . 17 51 0 . 9 9 9 9 8  
5 . 516 0 . 2279  0 . 9 9 9 9 8  
6 . 8 9 5  0 . 27 4 5  0 . 9 9 9 9 8  
8 . 618  0 . 3301  0 . 9 9 9 9 7  

10 . 3 4  0 . 3 8 3 2  0 . 9 9 9 9 6  
12 . 07  0 . 4 3 5 0  0 . 9 9 9 9 5  
13 . 7 9 0 . 4 8 2 0  0 . 9 9 9 9 4  
17 . 24 0 . 57 1 0  0 . 9 9 9 8 9  
2 0 . 6 8 0 . 6 4 4 9  0 . 9 9 9 7 9  
24 . 1 3 0 . 7 0 7 6  0 . 9 9 9 5 5  



526 Methylbenzene:  Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Me thane:  CH � ; [ 7 4 - 8 2 - 8 ) 
2 .  Me thy1benz ene;  C7 H 8 ;  [ 1 08-88 -3 ) 

VARIABLES : 

Tempe rature , pres sure 

EXPERIMENTAL VALUES : 

T/K 
( tj &C) 

3 1 3 . 2  
( 4 0 )  

3 3 3 . 2  
( 6 0 )  

353 . 2  
( 8 0 )  

P/kgcm- 3 

2 0  
5 0  

1 0 0  
1 5 0  
2 0 0  
2 5 0  
3 0 0  
3 5 0  
3 8 0  
4 1 0  
4 3 0 
4 3 5  

2 0  
5 0  

1 0 0  
1 5 0  
200 
250  
300  
3 5 0  
3 7 0 
3 9 0 
4 1 0 
4 1 9  

2 0  
50  

AUX I L I ARY 

ORIGINAL MEASUREMENTS : 

Savvina , Ya . D .  
Tr . Vs e s .  Nauahno-Is s Zed.  In s t .  
Prirodn . Gazov . , 1 9 6 2 , 1 7/25 , 
1 85 - 1 9 6 . 

--

PREPARED BY : 

C .  L .  Young 

P/Mpa K-va1ue 
methane methy 1benzene 

1 .  9 6  1 8 . 7 5 0 . 0 06 
4 . 9 0 8 . 3 6  0 . 00 5  
9 . 8 1 4 . 6 4  0 . 0 06 

1 4 . 7  3 . 2 9 0 .  0 1 1 
1 9 . 6  2 . 6 0 0 . 0 1 4  
24 . 5  2 . 1 7 0 . 02 7  
2 9 . 4  1 .  8 6  0 . 05 8  
3 4 . 3  1 .  62  0 . 1 0 8  
3 7 . 3  1 .  4 9  0 . 1 8 2  
4 0 . 2  l .  3 5  0 . 2 8 9  
4 2 . 2  l .  20 0 . 4 8 5  
4 2 . 7  1 . 1 0 0 . 68 5  

1 .  9 6  1 9 . 4 3 0 . 00 9  
4 . 9 0 8 . 8 6 0 . 0 0 8  
9 . 8 1 4 . 8 3  0 . 0 1 0  

1 4 . 7  4 . 4 3  0 . 01 4  
1 9 . 6  2 . 6 5 0 . 02 4  
2 4 . 5  2 . 2 0 0 . 04 1  
2 9 . 4  l .  8 6  0 . 06 9  
3 4 . 3  l .  5 8  0 . 1 3 6  
3 6 . 3  l .  4 8  0 . 1 9 3  
3 8 . 2  l .  3 9  0 . 2 6 8  
4 0 . 2  l .  25 0 . 4 1 8  
4 1 . 1  l .  0 9  0 . 7 0 6  

l .  9 6  2 0 . 5 4 0 . 01 4  
4 . 9 0 9 . 4 3 0 .  0 1 1  

INFORNAT ION 

METHOD !APPARATUS/PROCEDURE : SOURCE AND PURl TY OF MATERI ALS ; 

Values appear to be determined No details given . 
using apparatus de scribed in ref . ( 1 )  

ESTIMATED ERROR: 

REFERENCES : 

l . Savvina , Ya . O . ;Velikovskii ,  A .  S .  
Tr . Vses . Nauahno -Is s Zed.  In s t .  
Prirodn . Gazov . ,  19 6 2 , 1 7/25 , 163 . 
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COMPONENTS : 

1 .  Methane ; CH ; ; [ 7 4 - 8 2 - 8 ) 
2 .  Methy1benzene ; C 7H 8 ; [ 1 0 8 - 8 8 - 3 ) 

EXPERIMENTAL VALUES :  

M-R 

T/K 
( tj O C ) 

3 5 3 . 2  
( 8 0 )  

37 3 . 2  
( 1 00 ) 

3 9 3 . 2  
( 1 2 0 ) 

4 2 3 . 2  
( 1 50 ) 

1 0 0  
1 5 0  
2 0 0  
2 5 0  
3 0 0  
3 50 
3 8 0  
3 9 0  
4 00 
4 04 

2 0  
5 0  

1 0 0  
1 5 0  
2 0 0  
2 5 0  
3 0 0  
3 3 0  
3 6 0  
3 8 0  
3 8 6  

2 0  
5 0  

1 0 0  
1 5 0  
2 0 0  
2 5 0  
3 0 0  
3 1 0 
3 30 
3 5 5  
3 7 0  

2 0  
50  

1 0 0  
1 5 0  
2 0 0  
2 5 0  
3 0 0  
3 30 
3 4 5 
3 5 0  

ORIGINAL MEASUREMENTS : 

Savvina , Ya . D .  
Tr . Vs es . Nauahno-Iss Zed .  Ins t .  
Prirodn . Gazov. , 1 9 6 2 ,  1 7/2 5 ,  
1 8 5- 1 9 6 . 

--

P/Mpa 

9 . 8 1 
1 4 . 7  
1 9 . 6  
2 4 . 5  
2 9 . 4  
3 4 . 3  
3 7 . 3  
3 8 . 2  
3 9 . 2  
3 9 . 6  

1 .  9 6  
4 . 9 0 
9 . 8 1 

1 4 . 7  
1 9 . 6  
2 4 . 5  
2 9 . 4  
3 2 . 4  
3 5 . 3  
3 7 . 3  
3 7 . 9 

1 .  9 6  
4 . 9 0 
9 . 8 1 

1 4 . 7  
1 9 . 6  
2 4 . 5  
2 9 . 4  
3 0 . 4  
3 2 . 4  
3 4 . 8  
3 6 . 3  

1 .  9 6  
4 . 9 0 
9 . 8 1 

1 4 . 7  
1 9 . 6  
2 4 . 5  
2 9 . 4  
3 2 . 4 
3 3 . 8  
3 4 . 3  

methane 

5 . 0 2 
3 . 4 6 
2 . 5 9 
2 . 1 0 
1 .  8 0  
1 .  5 4  
1 .  3 7  
1 .  3 1  
1 .  2 0  
1 . 1 2 

2 1 . 7 5 
9 . 7 5 
4 . 9 6 
3 . 3 2 
2 . 5 0 
2 . 0 6 
1 .  75  
1 .  58  
1 .  4 1  
1 .  2 4  
1 . 1 2 

2 4 . 2 5 
9 . 9 8 
4 . 8 7 
3 . 1 6 
2 . 4 4 
2 . 0 2 
1 .  6 9  
1 .  6 3  
1 .  5 2  
1 .  3 5  
1 . 1 6 

1 9 . 2 4 
9 . 4 9  
4 . 5 6 
3 . 0 9 
2 . 4 0 
1 .  9 6  
1 .  6 4  
1 .  4 4  
1 .  2 5  
1 . 1 3 

K-va 1ue 
methy 1benzene 

0 .  01 4 
0 . 02 3  
0 . 0 3 5  
0 . 0 5 5  
0 . 08 9  
0 . 1 6 2  
0 . 2 8 9  
0 . 3 4 9  
0 . 5 0 0  
0 . 6 5 9  
0 . 02 1  
0 . 0 1 6  
0 . 0 2 1  
0 . 0 3 1  
0 . 04 5  
0 . 0 6 9  
0 . 1 0 9  
0 . 1 6 5  
0 . 2 5 8  
0 . 4 4 7  
0 . 6 4 2  
0 . 03 1  
0 . 02 4  
0 . 03 1  
0 . 04 1  
0 . 0 6 2  
0 . 08 1  
0 . 1 4 7  
0 . 1 7 2  
0 . 2 0 9  
0 . 3 2 5  
0 . 5 77  
0 . 0 4 1  
0 . 0 3 5  
0 . 04 1  
0 . 05 5  
0 . 07 3  
0 . 1 0 5  
0 . 1 7 8  
0 . 2 9 0  
0 . 4 7 2  
0 . 6 7 6  



528 Methylbenzene:  Pressure Above 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4-82-8 ] 

2 .  Methylbenzene ; C1He ; 
[ 108-88-3 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K Tj DF p/psi 

2 7 7 . 5 9 4 0 . 00 5 0 . 0 
1 0 0 . 0  
2 0 0 . 0  
4 0 0 . 0  
6 0 0 . 0  
8 0 0 . 0  

1000  
1250  
1500  
1750  
2 0 0 0  
2 5 0 0  
3000  
3500  
4000  
4500  
5000  
5 5 0 0  
6 0 0 0  
7 0 7 0 t  

2 5 5 . 37  o . o o 5 0 . 0  
100 . 0  

t critical pressure 

Lin , Y .  -N . ; Hwang , s .  -c .  ; 
Kobayashi , R .  
J.  Chern . Engng . Data 
19 7 8 ,  2 3 , 23 1-4 . 
(Same data in Gas Proa . Assoa . Pro a .  
5 7, Ann .  Conv . , p . l2-17 . )  

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
P/MPa in liquid , in vapor , 

XCH� YcH� 

0 . 34 5  0 . 0 0 9 6 6 9  0 . 99613  
0 . 6 8 9  0 . 01924  0 . 9 9 7 8 5  
1 .  3 7 9  0 . 0 3 6 4 7  0 . 9 9 6 8 7  
2 . 7 5 8  0 . 0 6 8 3 8  0 . 9 9 9105  
4 . 137  0 . 10 0 4  0 . 9 9 9 1 9 9  
5 . 516 0 . 1369  0 . 9 9 9 0 4 5  
6 . 8 9 5  0 . 15 8 5  0 . 9 9 8 7 5  
8 . 6 18  0 . 1 9 8 0  0 . 9 9 8 30 

10 . 34  0 . 2 3 0 7  0 . 9 9 7 7 3  
12 . 0 7 0 . 2 691  0 . 99692  
13 . 7 9 0 . 2 8 81 0 . 9 9 5 8 1  
1 7 . 2 4 0 . 3352  0 . 9 9 2 6 6  
2 0 . 6 8 0 . 3 7 3 3  -
2 4 . 1 3 0 . 4 0 15 -
2 7 . 5 8 0 . 4 3 8 1  -
31 . 0 3 0 . 4 7 3 6  -
34 . 4 7 0 . 5130  -
37 . 9 2 0 . 5530  -
4 1 . 3 7 0 . 5 9 0 3  -
4 8 . 7 5 0 . 8 2 5 9  -

0 . 3 4 5  0 . 01158  0 . 9 9 9 0 8 6  
0 . 6 89  0 . 0 2 0 8 4  0 . 9 9 9 5 6 5  

( cont . )  

AUXI LI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Liquid phase compositions deter
mined using a recirculating vapor 
flow apparatus fitted with magnetic 
pump as described in ref .  ( 1 ) . 
Equilibrium cell fitted with glass 
windows . Pres sure measured with 
Bourdon pres sure gauges and 
temperature measured with a 
platinum resistance thermometer.  
Liquid samples analysed by GC . 
Gas phase concentration determined 
us ing elution technique as given 
in ref .  ( 2 ) . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson ultra-high purity sample, 
at least 9 9 . 9 7  mole per cent 
methane . 

2 .  Phillips Petroleum Company 
research grade sample , purity 
99 . 9 4 mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 01 ;  op/psi = ± 1% of full 
scale for gauges of range 0-10 0 0 , 
0-3000 , 0-6000  and 1-10 000 ; ox = ± 2 %  
or 0 . 005 ; o y  = ± 2 %  or 0 . 0 0 0 0 5  which
ever is the laraest. 

REFERENCES : 

1 .  Mraw, s .  c . ; Hwang ; S . -c . ; 
Kobayashi , R .  
J.  Chern . Engng . Data 1 9 7 8 , 23 , 135 . 

2 .  Hwang , S . -C . ; Lin , H . -M. ; 
Chappelear , P .  S . ; Kobayashi , R .  
J.  Chern . Engng . Data 19 76 , 2 1 , 4 9 3 .  



Methylbenzene: Pressure Above 0.2 MPa 529 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ]  

2 .  Methylbenzene ; C , H e ; 
[ 108-88-3 ] 

EXPERIMENTAL VALUES :  

T/K 

2 5 5 . 37 0 . 00 

2 3 3 . 15 - 4 0 . 0 0 

1 8 8 . 71 -120 . 00 

p/psi 

2 00 . 0  
4 0 0 . 0  
6 0 0 . 0  
8 00 . 0  

1000  
1250  
1500  
1750  
2 0 0 0  
2 5 0 0  
3 0 0 0  
3500  
4000  
4 5 0 0  
5 0 0 0  
5 5 0 0  
6 0 0 0  

100 . 0  
2 0 0 . 0  
4 00 . 0  
6 00 . 0  
8 0 0 . 0  

1000  
1250  
1500  
1750  
2000  
2500  
30 0 0  
3 5 0 0  
4 0 0 0  
4 5 0 0  
5 0 0 0  
5500  
6 0 0 0  

100 . 0  
2 00 . 0  
4 0 0 . 0  
6 00 . 0  
6 3 0 . 0  
6 30 . 0  

1000  
1000  
3000  
3000  

P/HPa 

1 .  379  
2 . 7 5 8  
4 . 1 37  
5 . 51 6  
6 . 8 9 5  
8 . 618  

10 . 3 4 
12 . 07 
1 3 . 7 9  
17 . 2 4 
2 0 . 6 8 
24 . 1 3 
27 . 5 8 
3 1 . 0 3  
3 4 . 4 7 
3 7 . 9 2 
4 1 . 3 7  

0 . 6 8 9  
1 .  3 7 9  
2 . 7 5 8  
4 . 137  
5 . 516 
6 . 8 9 5  
8 . 618  

10 . 34 
12 . 07 
13 . 7 9 
17 . 24 
2 0 . 6 8 
24 . 1 3 
2 7 . 5 8 
31 . 0 3 
3 4 . 47 
37 . 92 
4 1 . 37  

0 . 6 8 9  
1 .  3 7 9  
2 . 7 58  
4 . 137 
4 . 3 4 4  
4 . 34 4  
6 . 8 9 5  
6 . 8 9 5  

2 0 . 6 8 
2 0 . 6 8 

t critical pressure 
* 

ORIGINAL MEA�UREMENTS : 

Lin , Y . -N . ; Hwang , S . -C . ; 
Kobayashi , R .  
J ,  Chem . Engng . Da ta 
1978 , 2 3 , 2 3 1-4 . 
( S ame data in Gas Proa . Assoa . Proa . 
5 7 ,  Ann . Conv . , p . l2-17 . )  

Hole fraction of methane 
in liquid , in vapor , 

xCH4 YcH 4 

0 . 04147  
0 . 0 8 1 0 0  
0 . 12 2 5  
0 . 1622  
0 . 1984  
0 . 24 4 5  
0 . 2 7 6 3  
0 . 31 9 6  
o .  3414  
0 . 3 7 8 2  
0 . 4 1 0 6  
0 . 4 35 2  
0 . 4 5 3 2  
0 . 4 6 7 3  
0 . 4 7 6 3  
0 . 4 9 6 0  
0 . 52 0 4  
0 . 0 2 5 3 1  
0 . 0 4 4 7 1  
0 . 0 8 9 2 4  
0 . 13 2 6  
0 . 18 3 3  
0 . 1958  
0 . 2 3 0 0  
0 . 2 5 4 2  
0 . 2 7 4 4  
0 . 3 0 0 3  
0 . 3184  
0 . 3 4 9 5  
0 . 3613  
0 . 3 7 8 9  
0 . 4 0 3 3  
0 . 4 17 0  
0 . 4 417 
0 . 4 4 7 4  
0 . 04179  
0 . 08919  
0 . 18 6 1  
0 . 2 5 9 5  
0 . 2 6 5 2  
0 . 9 8 9 8 *  
0 . 2 5 4 1  
0 . 9 8 8 0 *  
0 . 2 4 5 9  
0 . 9 8 6 9 *  

0 . 9 99710  
0 . 9 9 9819  
0 . 9 9 9 8 2 3  
0 . 9 9 9 7 6 7  
0 . 9 9 9 5 8 9  
0 . 9 9 9 2 5 0  
0 . 9 9 877  
0 . 9 9 7 9 2  
0 . 9 9 6 6 7  
0 . 9 9 3 5 1  

methane-rich liquid phase 



530 Methylbenzene:  Pressure Above 0.2 MPa 

COMPONENTS : 

l .  Methane ; CH 4 ; [ 74-82- 8 ]  

2 .  I-1ethylbenzene; C , H a ; [ 10 8- 8 8- 3 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atm p/MPa 

4 22 . 5  19 . 95  2 . 0 21  
29 . 8 8 3 . 0 2 8  
5 0 . 7 7 5 . 1 4 4  
9 9 . 08 10 . 03 9  

150 . 6 6 15 . 266  
2 0 0 . 0 0 2 0 . 2 6 5  
2 4 6 . 9 5 2 5 . 02 2  

4 62 . 1  2 0 . 0 3 2 . 0 30 
3 0 . 10 3 . 0 5 0  
4 9 . 70 5 . 0 36 
98 . 8 3 10 . 0 14 

15 0 . 00 15 . 1 9 9  
199 . 61 2 0 . 22 5  
227 . 3 7 2 3 . 038  
2 4 9 . 4 0 2 5 . 2 7 0  

ORIGINAL MEASUREMENTS : 

Lin , H-M. ; Sebas tian , H . M . : 
Simnick , J . J . ; Chao , K-C .  

J .  Chern . Engng . Data , 19 7 9 ,  2 4 ,  
146-9 . 

PREPARED BY : 

C .  L .  Young 

Mole fraction of methane 
in liquid , in gas , 

xCH Yea 4 4 

0 . 0 3 5 3  0 . 8 4 2 6  
0 . 0 5 4 5  0 . 8 8 0 8  
0 . 0954  0 . 9100  
0 . 19 4 9  0 . 9 2 3 1  
0 . 2 8 7 9  0 . 9148  
0 . 3 8 5 8  0 . 8 9 8 1  
0 . 4 8 97 0 . 8 4 9 3  
0 . 0 2 80 0 .  6724  
0 . 0 4 8 6  0 . 7 4 9 9  
0 . 0 8 84 0 . 8144  
0 . 18 9 7  0 . 8606  
0 . 2 8 5 0  0 . 85 9 3  
0 . 4 10 6  0 . 8 257 
0 . 4 9 25 0 . 7 8 4 8  
0 . 6 3 3 2  0 . 67 80 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually pas sing 
into a mixing tube and then into a 
cell in which phases separated under 
gravity . Liquid sample removed 
from bo ttom o f  cell and vapor sample 
from top of cell . Composition 
determined by gas chroma tography . 
Details in source and ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample with purity 
better than 99 mo le per cent . 

2 .  Mal l inckrodt Co . sample .  
Analytical reagent with l . 0 ° C 
boil ing point range . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/MPa � ± 0 . 0 3 ;  
oxca , oyca = ± 2 %  

4 4 

REFERENCES : 

1 .  Simnick , J . J . ; Lawson , C . C . ; 
Lin , H-M . ; Chao , K-C . ; Am . Ins t .  
Chern.  Engnr s .  J . , 19 7 7 ,  2 3 ,  469 . 



Methylbenzene: Pressure Above 0.2 MPa 531 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4-82-8 ] Lin , H . -M . ; Sebastian , H .  M . ; 
Simnick, J .  J . ; Chao , K . -c .  

2 .  Methylbenz ene ; C 7 H a ; J .  Chern . Engng . Da ta 
[ 10 8 - 8 8 - 3 ]  19 79 , 24 , 146-9 . 

Mole fraction of methane 
T/K p/atrn p/MPa in liquid , in gas , 

.:x:CH� Y cH� 

5 00 . 8  1 9 . 90  2 . 0 16 0 . 0179  0 . 36 68 
2 9 . 5 6 2 . 9 9 5  0 . 0 3 7 9  0 . 52 8 3  
4 9 . 91 5 . 057 0 . 0 8 4 1  0 . 6 7 12 
9 9 . 7 9  10 . 111 0 . 19 6 4  0 . 7 4 7 9  

147 . 2 8 14 . 9 2 3  0 . 3 0 9 8  0 . 74 3 9  
166 . 4 7  16 . 8 6 8  0 . 38 0 7  0 . 7120  

54 3 . 2  30 . 3 7 3 . 07 7  0 . 0219  0 . 24 7 6  
4 9 . 9 0 5 . 05 6  0 .  0718  0 . 4 2 2 2  
6 9 . 57 7 . 04 9  0 . 12 4 6  0 . 5 0 3 9  
9 9 . 4 4  10 . 07 6  0 . 2155  0 . 5 4 9 3  

1 13 . 6 0 1 1 . 511 0 . 2 7 3 6  0 . 5 4 16 



532 Methylbenzene:  Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 7 4-82- 8 ]  

2 .  Methylbenzene {toluene) 1 C 1 H a 1 
[ 10 8- 8 8 - 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Legret ,  D . ; Richon , D . ; Renon , H .  

J.  Chem.  Engng . Data 

1982 , 2 7 ,  165-16 9 . 

PREPARED BY : 

c .  L .  Young 

T/K = 3 13 . 2  
Mole fraction of methane 

in liquid , in vapor , 
xCH 4 YCH4 

10 1 . 0  0 . 237  0 . 9 91 
0 . 2 34  -

152 . 1  0 . 316 0 . 9 9 la 
0 . 32 1  -

196 . 4  0 . 38 3  0 . 9 9 0  
2 5 0 . 3  0 . 4 4 7  0 . 9 8 3a 
300 . 1  0 . 52 4  0 . 9 7 1  

0 . 52 0  -
3 4 9 . 2  0 . 5 9 2  0 . 9 5 4  
3 80 . 0  - 0 . 919 
3 8 7 . 5  0 . 65 3  o .  911 

0 . 652  -
399 . 5  - 0 . 8 9 4  
4 0 5 . 9  - 0 . 8 75 
4 0 8 . 0  0 . 6 7 9  -
4 0 9 . 3  - 0 . 8 6 4  
4 14 . 9  0 . 70 1  0 . 8 37 
4 16 . 9  - 0 . 835  
4 2 0 . 1  0 .  725  0 . 8 1 8  

- 0 . 8 2 2  
42 4 . 2  0 . 73 3  0 . 7 8 9  
4 2 4 . 5  0 . 74 4  0 . 7 8 4  a interpolated values . 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

High pres sure static cell fitted 
with magnetic stirrer.  Pressure 
measured wi th transducer calibrated 
by comparison with Heise gauges 
which were checked periodic ally 
calibrated against a dead weight 
tester . Temperature measured with 
K type iron-constantan thermo
couples .  Sampling microcell used 
and samples analysed using gas 
chromatography . Details in re f .  
{ 1 )  • 

SOURCE AND PURITY OF MATERIALS : 

1 .  Air-Gas sample , purity at least 
9 9 . 9 5 volume per cent . 

2 .  Merck sample , stated purity by 
GC of 99 . 5  per cent . 

ESTIMATED ERROR: 
o T/K = ± 0 . 2 5 ;  op/MPa = ± 0 . 1 ;  
oxCH4 = ±0 . 0 1 ;  oyCH 4 = ±0 . 0 0 5 . 

REFERENCES : 
1 .  Legre t ,  D . ; Richon , D . ; 

Renon , H .  
Am.  Ins t .  Chem.  Eng . J .  

19 8 1 ,  2 7 , 2 0 3 .  



Alkylbenzenes and Naphthalenes 

COHPONENTS : 

1 .  Methan e :  CH4 : [ 7 4- 8 2 - 8 ] 

2 .  1 , 3-Dimethy l benzen e :  c8H1 0 : 
[ 1 0 8 - 3 8 - 3 ] 

CRITICAL EVALUATION : 

EVALUATOR : 

c .  L .  Young 

Department of Physical Chemistry, 
Univ . of Mel bourne , 
Parkvi l l e ,  Victor ia , 3 0 5 2  
Austra l ia . 
Jan . 8 6  

Thi s system has been investigated b y  four groups ( 1 -4 ) .  The data of 
Stepanova and Ve l i kovski i ( 1 )  at 2 9 3 . 1 5 K and 3 3 3 . 1 5 K were not avai lable 
to u s  but have been presented graphical ly by Legret et a l . ( 2 ) .  The data 
from ref . ( 1 )  and ( 2 )  are in moderate agreement , the dif ferences above 
30 MPa may be due to the d i f ferent temperature of the measurements .  The 
data of Ng et a l . ( 3 )  are in fair agreement in the l imited range of 
overl ap of the temperature and pressure range . The data of 
Simnick et a l . ( 4 )  at high temperature s i s  consi stent with that of 
Ng et a l . ( 3 )  but i t  is impos s i bl e to make a very detai led comparison 
because of the l imited overlap of the two sets of data . For a given 
partia l  pressure the mo le f ract �on solubi l ity of methane in the l iquid i s  
rather insensitive t o  the temperature . 

Reference s .  

1 .  Stepanova,  G .  S . ; Ve l i kovski i ,  A .  S . ; Gaz o v .  De l o .  1 96 9 , 1 2 , 1 0 .  
2 .  Legret , D . : Richon , D . ; Renon , H . ; J.  Chern.  Eng . Da� 1 9 8 2 , 2 7 ,  1 6 5 .  
3 .  Ng , H . -J . : Huang , S .  S . -S . ; Robinson , D .  B . : J.  Chern .  En�ata 

1.9 8 2 , 2 7, 1 1 9 .  
4 .  Simn ick, J .  J . ; Sebast ian , H .  M . ; Lin , H .  M . ; Chao , K .  C . ; 

Fluid Phase Equi l . l 9 1 9 , 3 , 1 4 5 . 

533 



534 Alkylbenzenes a n d  Naphthalenes 

COMPONENTS : 

1 .  Methane � CH4 �  [ 7 4-82- 8 ]  

2 .  1 , 3-Dimethylbenzene � C e H 1 o � 
[ 1 0 8- 3 8 - 3 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa P/atm 

4 6 0 . 7 5  2 . 07 20 . 4  
2 . 9 4 2 9 . 0  
5 . 0 5 4 9 . 8  

10 . 0 4 9 9 . 1  
15 . 0 0 1 4 8 . 0  
20 . 19 199 . 3  

5 01 . 5 5 2 . 0 2 19 . 9  
3 . 0 8  30 . 4  
5 . 0 8 5 0 . 1  

10 . 09 9 9 . 6  
15 . 17 14 9 . 7  
20 . 1 9 19 9 . 3  

5 4 1 . 8 5 2 . 1 2 2 0 . 9  
3 . 06 30 . 2  
5 . 11 5 0 . 4  

10 . 08 9 9 . 5  
15 . 3 7 151 . 7  
16 . 18 15 9 . 7  

5 8 2 . 35 3 . 0 5 30 . 1  
5 . 10 5 0 . 3  

10 . 0 3 9 9 . 1 
11 . 4 6  113 . 1  

ORIGINAL MEASUREMENTS : 
Simnick , J .  J . �  Sebastian , H .  M . � 
Lin , H .  M . ; Chao , K .  C .  
F tuid Phase Equi tib ria , 19 7 9 ,  J ,  
1 4 5-15 4 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid,  in gas , 

xCH � YCH 4 

0 . 0386  
0 . 0568  
0 . 1019  
0 . 203 7 
0 . 2 910 
0 . 39 3 5  
0 . 0 317 
0 . 05 4 2  
0 . 0 9 9 9  
0 . 2 0 8 8  
0 . 3199  
0 . 4553  
0 . 0219  
0 . 0 4 4 9  
0 . 0 9 5 3  
0 . 2195  
0 . 3796  
0 . 4140  
0 . 02 3 8 
0 . 0 8 5 9  
0 . 2635  
0 . 4346  

0 . 7 9 7 0  
0 . 8 4 7 8  
0 . 8 9 31 
0 . 9144  
0 . 9141  
0 . 8 9 6 0  
0 . 6 0 9 4  
0 .  7 1 0 7  
0 . 7 9 5 9  
0 . 8 4 8 0  
0 . 84 4 4  
0 . 8 013 
0 . 3225  
0 . 4 7 3 0  
0 . 6 2 6 0  
0 . 7216  
0 . 6 8 9 4  
0 . 6 7 0 7  
0 . 1 8 4 5  
0 . 3700  
0 . 4 8 2 4  
0 . 4 7 82 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Flow apparatus wi th both liquid and 
gaseous components continually 
passing into a mixing tube and then 
into a cell in which phases 
separated under gravity . Liquid 
sample removed from bottom of cell 
and vapor sample from top of cel l .  
Composition o f  samples found by 
stripping out gas and es timating 
amount of solvent gravimetrical ly .  
Temperature measured with thermo 
couple and pressure with Bourdon 
gauge . Details in ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity better 
than 99 mole per cent . 

2 .  Aldrich Chemical Co . minimum 
purity 9 9  mole per cent . 
Distilled . 

ESTIMATED ERROR: 

o T/K = ± 0 . 4 �  oP/MPa = ± 0 . 02 ;  
oxcH � ' oycH 4 = ± 2 % . 

REFERENCES : 

1 .  Simnick , J .  J . ;  Lawson , c .  C . ;  
Lin , H .  M .  � Chao , K • C .  
Am.  Ins t .  Chern. Engnrs . J . 
1977 ' 2 3 ,  46 9 .  



Alkylbenzenes and Naphthalenes 535 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 74-82-8 ] Legret ,  D . ; Richon , D . ; Renon , H .  

2 .  1 , 3-Dimethylbenzene ; C a H 1 o l  
[ 10 8 - 38- 3 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 

J .  Chem.  Engng . Data 

19 8 2 , 2 7 ,  1 6 5-16 9 . 

PREPARED BY : 

C .  L .  Young 

T/K = 313 . 2  

Mole fraction of methane 
in liquid , in vapor , 

xCH 4 YcH4 

50 . 6  - 0 . 9 9 8  
100 . 3  0 . 2 4 6  0 . 9 9 8  

0 . 2 5 3  -
150 . 1  0 . 3 4 5  0 . 9 9 7  

0 . 350  -
0 . 3 4 8  -

199 . 8  0 . 4 13 0 . 9 95  
2 5 0 . 3  0 . 4 7 5  0 . 9 9 0  

o.  4 7 7  -
2 9 9 . 3  0 . 5 3 5  0 . 9 8 3  
3 49 . 8  0 . 59 5  0 . 9 7 5  
4 00 . 6  0 . 6 4 5  0 . 9 5 6  
4 40 . 3 o. 710 0 . 919 

0 . 712 -
4 4 1  o.  7 12 -
4 5 9 . 3  0 . 7 4 5  0 . 87 0  
4 5 9 . 6  0 . 7 4 9  0 . 86 2  
4 6 5 . 2  0 . 7 8 3  0 . 8 4 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

High pressure static cell fitted 

with magnetic stirrer . Pressure 
measured with transducer calibrated 
by comparison with Heise gauges 
which were checked periodically 
calibrated against a dead weight 
tester . Temperature measured with 
K type iron-constantan thermo-
couples . Sampling microcell used 
and s amples analysed using gas 

chromatography . Details in ref .  
( 1 )  • 

M-R• 

SOURCE AND PURITY OF MATERIALS : 

1 .  Air-Gas sample , purity at least 
9 9 . 9 5  volume per cent . 

2 .  Merck sample , s tated purity by 
GC of 9 8 . 5  per cen t .  Maj or 
impurities a-xylene ( 0 . 5% ) , 
p-xylene ( 0 . 5% )  and ethylbenzene 
( 0 . 5 % ) . 

ESTIMATED ERROR: 

o T/K = ± 0 . 2 5 ;  op/MPa = ± 0 . 1 ;  
oxCH 4 = ±0 . 0 1 ;  oyCH 4 = ± 0 . 00 5 . 

REFERENCES : 

1 .  Legret , D . ; Richon , D . ; 
Renon , H .  
Am.  Ina t �  Chern . Eng .  J .  

19 8 1 ,  2 7 1  2 0 3 .  



536 Alkylbenzenes and Naphtha lenes 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4 - 8 2 - 8 ] 

2 .  1 , 3-Dimethylbenzene ; C e H t o i  

[ 10 8- 3 8 - 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K p/MPa 

310 . 9  0 . 4 0 7  
2 . 13 
4 . 6 9 
6 . 92 
9 . 12 

11 . 5 8  
13 . 7 4 

3 9 4 . 3  0 . 5 1 7  
1 .  8 3  
3 . 8 6 
5 . 9 8 
8 . 36 

11 . 2  
14 . 4 8 

4 77 . 6  1 . 0 6 
2 . 5 0 
4 . 4 8 
7 . 02 
9 . 4 4 

11 . 7 8 
1 3 . 91 

AUXILIARY 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell fitted with 
windows and magnetic stirrer . 
Temperature o f  thermostatic liquid 
measured with platinum resistance 
thermometer . Pressure measured 
using dead weight gauge and dif

ferential pres sure transducer . 
Samples of vapor and liquid analysed 
by gas chromatography . Details in 
refs . ( 1 )  and ( 2 ) . 

ORIGINAL MEASUREMENTS : 

Ng , H . -J . ; Huang , S .  S . -S . ; 

Robinson , D .  B .  
J .  Chern . Engng . Da ta 

1 9 8 2 , 2 ? , 119-122 . 

PREPARED BY : 

C .  L .  Young 

Mole fraction of methane 
in liqui d ,  i n  vapor , 

xCH4 YcH4 

0 . 0 1 3 6  0 . 9 8 6 4  
0 . 0 5 8 3  0 . 9 9 5 3  
0 . 12 9 9  0 . 9 9 6 0  
0 . 16 9 9  0 . 9 9 6 6  
0 . 2214  0 . 9 9 6 0  
0 . 2 5 14 0 . 99 5 2  
0 . 2 9 5 4  0 . 9 9 4 6  

0 .  0 1 1 8  0 . 8 816  
0 . 0 4 0 7  0 . 9 5 8 1  
0 . 0 8 6 6  0 . 9 7 4 0  
0 . 14 3 1  0 .  9 7 7 8  
0 . 1 7 7 4  0 . 9 7 8 9  
0 . 2 3 0 1  0 .  9 7 7 2  
0 . 2 9 5 1  0 . 9 7 5 0  

0 . 0 1 5 6  0 . 5 2 6  
0 . 0 4 8 2  0 . 76 8  
0 . 0 9 3 0  0 . 8 4 8  
0 . 14 8  0 . 8 71 
0 . 2 0 4  0 . 8 8 6  
0 . 2 52  0 . 8 8 9  
0 . 29 5  0 . 8 7 9  

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson Co . Ultrahigh-purity 

sample containing 9 9 . 9 7+ mole 
per cent methane . 

2 .  Matheson , Coleman and Bell 
Chromatoquality sample with 

purity of greater than 99 mole 
per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 0 6 ;  op/MPa = ± 0 . 02 ;  

oxcH4 ' oycH4 
= ± o . o o2 . 

REFERENCES : 
1 .  Ng , H .  -J . ; Robinson , D .  B .  

J .  Chern . Engng . Data 
19 7 8 ,  2 3 ,  3 2 5 . 

2 .  Ohgaki , K . ; Katayama , T .  
J .  Chern . Engn g .  Da ta 
1 9 7 5 , 2 0 , 2 6 4 .  



Alkylbenzenes and Naphthalenes 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4- 8 2- 8 ]  

2 .  1 , 3 , 5-Trimethylbenzene 
(Mesitylene ) ;  C 9 H 1 2 ; 
[ 10 8- 6 7 - 8 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Legret , D . ; Richon , D . ; Renon , H .  

J .  Chern. Engng . Da ta 

1982 , 2 7 ,  165-16 9 .  

PREPARED BY : 

c .  L .  Young 

T/K = 313 . 2  

Mole fraction of methane 
in liquid,  in vapor , 

.xCH4 YcH4 

101 . 7 

1 4 4 . 5  

199 . 5  

2 4 9 . 6  

2 9 8 . 4  
2 9 9 . 1  
350 . 2  
399 . 3  
39 9 . 7  
4 49 . 8  
5 0 0 . 7  
5 0 1 . 1 
510 . 4  
510 . 8  
5 18 . 7  
519 . 1  

0 . 278  
0 . 2 8 0  
0 . 3 55 
0 . 36 1  
0 . 42 8  
0 . 4 34  
0 . 49 5  
0 . 50 1  

-

0 . 5 40  
0 . 58 9  
0 . 64 9  
0 . 6 5 0  
0 . 7 0 4  

-
0 . 7 76  

-
0 . 7 8 4  

-
0 . 8 08  

0 . 9 9 9 5  
-

0 . 9 9 9 3  
-

0 . 9 9 8  
-

0 . 99 5  
-

0 . 9 8 9  
0 . 9 9 2  
0 . 9 8 4  

-

0 . 9 7 3  
0 . 9 5 8  
0 . 9 19 
0 . 92 2  
0 . 9 0 1  
0 . 9 0 3  
0 . 8 5 8  
0 . 8 6 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

High pressure static cell fitted 
with magnetic stirrer . Pressure 
measured with transducer calibrated 
by comparison with Heise gauges 
which were checked periodically 
calibrated against a dead weight 
tester . Temperature measured with 
K type iron-constantan thermo
couples . Sampling microcell used 
and samples analysed using gas 
chromatography .  
( 1 )  • 

Details in ref .  

SOURCE AND PURITY OF MATERIALS : 

1 .  Air-Gas sample , purity at least 
9 9 . 9 5 yolume per cent . 

2 .  Fluka sample , stated purity not 
less than 9 9  mole per cent . 

ESTIMATED ERROR: 

o T/K = ± 0 . 2 5 ;  op/MPa = ± 0 . 1 ; 

o.xCH 4 = ± 0 . 0 1 ;  oyCH 4 = ± 0 . 00 5 . 

REFERENCES : 

1 .  Legret ,  D . ; Richon , D . ; 
Renon , H .  
Am. Ins t .  Chern . Eng . J .  

19 8 1 ,  2 7 ,  2 0 3 .  
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538 Alkyl benzenes and Naphtha lenes 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74-82-8 ] 

2 .  1 , 3 , 5-Trimethylbenzene ; C 9 H 1 2 ; 
[ 1 08-67 -8 ]  

VARIABLES : 

EXPERIMENTAL VALUES : Mole 

ORIGINAL MEASUREMENTS : 

Huang , S .  S . -S . ;  Robinson , D .  B .  
Can .  J .  Chern . Eng .  

1 9 8 5 , 63 , 1 2 6-1 3 0 .  

PREPARED BY : 

c .  L .  Young 

fraction Equilibrium 
of methane constant 

T/K P/HPa in liquid , in vapor , kCH4 k C 9 H 1 2  
.:cCH 4 YcH4 

3 1 0 . 9  0 . 34 5  0 . 0 1 0 8  0 . 9 9 5 1  92 . 2  0 . 0 0 4 9 5  
1 .  3 6  0 . 0 4 2 3  0 . 99 7 9  23 . 6  0 . 0 0 2 1 9  
2 .  77  0 . 0837  0 . 99 8 3  1 1 . 9  0 . 0 0 1 8 5  
5 . 48  0 . 1 5 0 4  0 . 9 9 8 7  6 . 6 4 0 . 0 0 1 5 9  
8 . 07  0 . 2 1 1 9  0 . 9 9 8 5  4 . 7 1 0 . 0 0 1 9 0  

11 . 82 0 . 2 8 2 8  0 . 99 8 1  3 . 5 3 0 . 00265  
14 . 27 0 . 3 246  0 . 9 9 7 3  3 . 0 7 0 . 00400  

394 . 3  0 . 47 9  0 . 0 1 0 8  0 . 9 3 8 9  8 6 . 9  0 . 0 6 1 8  
1 .  4 6  0 . 0346  0 . 9 7 5 9  2 8 . 3  0 . 0 250  
3 . 01 0 . 0705  0 . 9 8 5 0  14 . 0  0 . 0 1 6 1  
5 . 6 1 0 . 1 3 1 3  0 . 9 8 8 7  7 . 5 3 0 . 0 1 3 0  
8 . 92 0 . 1 9 8 2  0 . 9 8 8 8  4 . 9 9 0 . 0 1 4 0  

11 . 9 3 0 . 2 5 07 0 . 9 8 8 2  3 . 9 4 0 . 0 1 5 8  
14 . 5 9 0 . 2 9 8 6  0 . 9 8 6 4  3 . 3 0 0 . 0 1 9 4  

477 . 6  0 . 65 5  -- 0 . 5 6 4 8  57 . 6  0 . 440  
1 . 0 3 0 . 0 1 9 3  0 . 7204  37 . 3  0 . 2 8 5  
2 . 52  0 . 0 5 4 3  0 . 8 6 4 8  1 5 . 9  0 . 1 43  
4 . 32 0 . 0 9 6 2  0 . 90 8 9  9 . 4 5 0 . 1 01  
6 . 96 0 . 1553  0 . 9 2 8 0  5 . 9 8 0 . 0 8 5 2  
9 . 4 1 0 . 2 0 8 6  0 . 9340  4 . 4 8 0 . 0 8 3 4  

11 . 80 0 . 2 5 8 8  0 . 9345  3 . 6 1  0 . 0 8 8 4  
14 . 1 3 0 . 3 0 5 8  0 . 93 1 8  3 . 0 5 0 . 0 9 8 2  

AUXI L I ARY IN FORNAT ION 

METHOD N'PARATUS /PROCEDURE : 

Stirred static cell fitted with 
glass window . Temperature 
measured with Bourdon qauge . 
After eouilibrium establi shed gas 
and liquid phases sampled and 
analysed using gas chromatography 
with a flame ionisation detector . 
Details in re f .  ( 1 )  and source . 

SOURCe AND P URl TY OF HATE RIALS : 

1 .  Ultrahigh purity sample ob
tained from Hatheson , purity 
at least 99 . 9 7 mole per cent . 

2 .  Aldrich Chemical Co . sample , 
purity better than 99 mole per 
cent . 

ESTIMATED ERROR: 

6T/K = ±0 . 0 6 ;  6P /MPa = ± 0 . 007  (up 
to 6 . 9  MPa ; ±0 . 0 2 (above 6 . 9  MPa) . 

REFEREN CES : 

1 .  Ng , H . -J . ; Robinson, D .  B .  
J .  Chern . Eng . Data 

1 9 7 8 , 2 3 ,  3 2 5-327 . 



Alkylbenzenes and Naphthalenes 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 74-82-8 ]  

2 .  Butylbenzen e ;  C 1 0 H 1 4 ;  [ 10 4 -51- 8 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atm p/kPa 

3 4 3 . 2  10  1 . 0  
2 0  2 . 0  
30  3 . 0  
4 0  4 . 1  
5 0  5 . 1  
6 0  6 . 1  

3 7 3 . 2  10 1 . 0  
2 0  2 . 0  
3 0  3 . 0  
4 0  4 . 1  
5 0  5 . 1  
6 0  6 . 1  

ORIGINAL MEASUREt:mNTS : 

O ' Reilly , W .  F . ; Blumer , T .  E . ; 
Luks , K .  D . ; Kohn , J .  P .  
J .  Chern . Engng . Data 

19 7 6 , 2 1 , 2 2 0-2 2 2 . 

PREPARED BY : 

c . L .  Young 

Mole fraction Molar volume 
of methane , of liquid , v 

xCH 4 /cm 3 mol- 1 

0 . 0 2 6 8  160 . 0 8 
0 . 0 5 2 9  1 5 6 . 90  
0 . 0 7 8 2  154 . 10 
0 . 1029  151 . 51 
0 . 1262  14 9 . 02 
0 . 14 7 6  1 4 6 . 61 
0 . 0 2 4 5  1 6 6 . 0 6 
0 . 04 91 1 6 3 . 0 0 
0 . 0 7 3 2  1 6 0 . 0 9 
0 . 0 9 6 8  157 . 4 8 
0 . 11 9 6  1 5 5 . 0 0 
0 . 1411  152 . 5 9 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

A known amount of gas added to a 
known amount of solvent in a 10  cm 3 

glass equilibrium cel l .  Liquid 
phase composition determined from 

overall composition and volume of 
both phases . Details in ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample ,  
pure grade , minimum purity 9 9  

mole per cent . 

2 .  Aldrich Chemical Co . sample , 
purity better than 9 9  mole per 
cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/kPa = ± 7 . 0 ;  

oxCH 4 = ± 0 . 00 3 . 

REFERENCES : 

1 .  Cordeiro , D .  J . ; Luks , K .  D . ; 
Kohn , J .  P .  

Ind .  Eng . Chern . Proa .  Des .  
Deve Zop .  

19 7 3 , 1 2 ,  4 7 .  
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540 Alkylbenzenes and Naphthalenes 

COMPONENTS : 
1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Butylbenzene ; C 1 o H 1 4 ;  [ 1 0 4-51- 8 ]  

3 .  Dotriacontane ; C 3 2 H 6 6 ; [ 5 4 4-8 5-4 ] 

VARIABLES : 

Composition , pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
O ' Reilly , W .  F . ; Blumer , T .  E . ; 
Luks , K .  D . ; Kohn , J .  P .  
J. Chern . Engng.  Data 

1 9 7 6 , 2 1 , 2 2 0-2 2 2 . 

PREPARED BY : 

C .  L .  Young 

T/K Mole ratio 
Butylbenzene/ 
Dotriacontane 

p/atm p/kPa 
Mole fraction 

of methane , 
Molar volume 
of liquid , v 

XCH4 /cm 3 mol- 1 

343 . 2  0 . 3053  10  1 . 0  0 . 0520  4 5 7 . 3  
2 0  2 . 0  0 . 1012 4 3 6 . 3  
3 0  3 . 0 0 . 14 8 0  4 16 . 2  
4 0  4 . 1  0 . 1914  3 9 8 . 0  
5 0  5 . 1  0 . 2 2 8 8  3 82 . 2  
6 0  6 . 1  0 . 2591  3 6 9 . 5  

o .  7757  10  1 . 0  0 . 0505  364 . 5  
2 0  2 . 0  0 . 09 8 9  3 5 3 . 6  
3 0  3 . 0  0 . 14 4 1  34 2 . 7  
4 0  4 . 1  0 . 1 8 4 0  331 . 8  
5 0  5 . 1  0 . 2167  320 . 9  
6 0  6 . 1  0 . 2 4 1 9  310 . 0  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

A known amount of gas added to a 
known amount of solvent in a 10 cm 3 

glass equilibrium cel l .  Liquid 
phase composition determined from 
overall composition and volume of 
both phases . Details in ref .  ( 1 ) . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Phillips Petroleum Co . sample , 
pure grade , minimum purity 9 9  
mole per cent . 

2 .  Aldrich Chemical Co . sample , 
purity better than 9 9  mole per 
cent . 

3 .  Humphrey Chemical Co . sample , 
purity at least 9 7  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/kPa = ± 7 . 0 ;  
OXCH 4 = ± 0 . 0 0 8 . 

REFERENCES : 

1 .  Cordeiro , D .  J . ; Luks , K .  D . ; 
Kohn , J .  P .  
Ind. Eng . Chern . PPoa .  Des . 
De v e l op .  

19 7 3 ,  1 2 ,  4 7 .  



Alkylbenzenes and Naphthalenes 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 7 4-82-8 ]  

2 .  Trans -decahydronaphthalene 
( Trans - decalin ) ; C t o H t s 1 
[ 4 93-02-7 ] 

3 .  Phenanthrene ; C 1 2 H 1 o 1  [ 8 5-01-8]  

VARIABLES : 

Composition , pressure 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

O ' Reilly , W .  F . ; Blumer , T .  E . ; 
Luks , K .  D . ; Kohn , J .  P .  
J .  Chern . Engng . Data 

1 9 7 6 , 2 1 , 220-22 2 . 

P REPARED BY : 

c .  L .  Young 

Mole fraction Molar volume 
T/K Mole ratio 

Decal in/ 
Phenanthrene 

p/atm p/kPa of methane , of liquid , v 
XCH� /cm3 mol- 1 

3 7 3 . 2  0 . 2 8 8 5  10  1 . 0  0 . 0118 165 . 3 0 
2 0  2 . 0  0 . 04 2 3  163 . 9 7 
3 0  3 . 0  0 . 0 3 4 5  162 . 6 3 
4 0  4 . 1  0 . 04 5 4  1 6 1 .  3 1  
5 0  5 . 1  0 . 0562  15 9 . 9 9 
6 0  6 . 1  0 . 0 6 6 6  158 . 6 7 

0 . 9123  10  1 . 0  0 . 0165  165 . 9 6 
2 0  2 . 0  0 . 0317  164 . 1 8 
30  3 . 0  0 . 04 6 8  162 . 3 9 
4 0  4 . 1  0 . 0616  16 0 . 6 0 
5 0  5 . 1  0 . 0 7 6 2  158 . 8 1 
6 0  6 . 1  0 . 0 9 04 157 . 01 

1 .  2 6 1 9  1 0  1 . 0  0 . 0138 1 6 6 . 58 
2 0  2 . 0  0 . 0310  1 6 4 . 55 
30  3 . 0  o .  0 4 7 7  162 . 5 0 
4 0  4 . 1  0 . 06 4 2  1 6 0 . 4 6  
5 0  5 . 1  0 . 0 8 0 3  158 . 4 3 
6 0  6 . 1  0 . 0 9 6 3  156 . 4 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A known amount of gas added to a 
known amount of solvent in a 10 cm 3 

glass equilibrium cell . Liquid 

phase composition determined from 
overall composition and volume of 
both phases . Detail s  in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 

pure grade , minimum purity 9 9  

mole per cent . 

2 .  No details given . 

3 .  Aldrich Chemical Co . sample ,  
purity better than 9 8  mole per 
cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/kPa = ± 7 . 0 ;  

OXCH� =± 0 . 001 . 

REFERENCES : 

1 .  Cordeiro , D .  J . ; Luk s ,  K .  D . ;  
Kohn , J .  P .  
Ind.  Eng .  Chern . Proa . De s .  
Deve l-op . 
19 7 3 ,  1 2 ,  4 7 .  
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542 Alkylbenzenes and Naphthalenes 

COMPONENTS : 
1 .  Methane : CH4 : [ 74-82-8 ] 

2 .  Butylbenzene : C 1 o H 1 4 1  [ 1 0 4-51- 8 ]  

3 .  Phenanthrene :  C 1 2 H 1 o l [ 8 5-01- 8 ]  

VARIABLES : 

Composition , pres sure 

EXPERIMENTAL VALUE S :  

ORIGINAL MEASUREMENTS : 
O ' Reilly , W .  F . : Blumer : T .  E . :  
Luks , K .  D . : Kohn , J . P .  
J .  Chern . Engng . Data 

1976 , 2 1 , 2 2 0-222 . 

PREPARED BY : 

c .  L .  Young 

T/K Mole ratio 
Butylbenzene/ 
Phenanthrene 

p/atm p/kPa 
Mole fraction 

of methane , 
Molar volume 
of liquid , v 

XCH4 /em s mol- 1 

37 3 . 2  0 . 3082  10  1 . 0  0 . 0160  164 . 3 3 
2 0  2 . 0  0 . 0 2 7 9  162 . 8 4 
30  3 . 0  0 . 0410  16 1 . 3 9 
4 0  4 . 1  0 . 0512  159 . 9 9 
5 0  5 . 1  0 . 0617  1 5 8 . 7 0 
6 0  6 . 1  0 .  0 7 2 0  157 . 5 2 

0 .  9 2 5 2  10  1 . 0  0 .  0177  164 . 5 8 
2 0  2 . 0  0 . 0322  162 . 8 2 
3 0  3 . 0  0 . 04 6 3  161 . 13 
4 0  4 . 1  0 . 0 6 0 0  159 . 4 9  
5 0  5 . 1  0 . 0734  157 . 8 6 
60  6 . 1  0 . 0 8 6 4  156 . 2 6 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

A known amount of gas added to a 
known amount of solvent in a 10  em s 

glass equilibrium cell . Liquid 
phase composition determined from 
overall composition and volume of 
both phases . Details in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . sample , 
pure grade , minimum purity 9 9  
mole per cent . 

2 .  Aldrich Chemical Co . sample , 
purity better than 9 9  mole per 
cent . 

3 .  No details given.  

ESTIMATED ERROR: 

oT/K = ±0 . 2 :  op/kPa = ± 7 . 0 :  
OXCH 4 = ±0 . 0 0 3 . 

REFERENCES : 

1 .  Cordeiro , D .  J . : Luks , K .  D . : 
Kohn , J .  P .  
Ind.  Eng .  Chern . Pro a .  Des . 
Deve Z op .  

1 9 7 3 , 1 2 ,  4 7 .  



Alkylbenzenes and Naphthalenes 543 

COMPONENTS :  

1 .  Methane ; CH 4 ; [ 74- 82 - 8 ]  

2 .  1 , 2 , 3 , 4 -Tetrahydronaphthalene 
( Tetralin) ; C 1 0 H 1 2 ; [ 119-64- 2 )  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atrn p/MPa 

4 6 1 . 9 2 0 . 7 1 2 . 0 9 8  
3 0 . 5 8  3 . 0 9 9  
4 9 . 6 3 5 . 0 29 
9 9 . 10 10 . 0 4 1  

149 . 6  15 . 16 
199 . 3  2 0 . 19 
247 . 6  2 5 . 09  

5 4 2 . 8  2 0 . 0 3 2 . 0 3 0  
30 . 0 3  3 . 0 43  
4 9 . 9 6 5 . 0 6 2  

100 . 1  10 . 14 
149 . 0  15 . 10 
19 3 . 5  2 0 . 11 
2 5 0 . 0  25 . 3 3 

6 2 3 . 2  3 0 . 5 6 3 . 0 96  
5 0 . 0 9 5 . 07 5  
9 9 . 5 6 10 . 0 8 8  

14 9 . 8  15 . 18 
1 9 8 . 5  2 0 . 12 
223 . 1  22 . 6 1 

ORIGINAL MEASUREMENTS : 

Sebastian , H . M . ; Simnick , J . J . ; 
Lin , H-M . ; Chao , K-C .  

J .  Chern . Engng . Data , 1979 , 2 4 ,  
149-15 2 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid , xCH in gas , Y cH 4 4 

0 . 0310 0 . 9634  
0 . 04 8 3  0 . 9 7 3 5  
o .  0 7 7 2  0 . 9 8 0 9  
0 . 1494  0 . 98 4 1  
0 . 2174  0 . 9 8 35 
0 . 2 82 2  0 . 9801  
0 . 3397  0 . 97 6 1  
0 . 0 2 9 3  0 . 8112 
0 . 04 6 4  0 . 86 2 8  
0 . 07 87 0 . 9064  
0 . 1613 0 . 9 3 0 3  
0 . 2379  0 . 9 3 3 5  
0 . 3151 0 . 9 3 0 4  
0 . 3 918  0 . 9 18 3  
0 . 0 3 8 3  0 . 54 7 7  
0 . 0 8 0 6  0 . 6 917 
0 . 18 05 0 . 7 7 5 7  
0 . 27 9 3  0 . 7 9 9 5  
0 . 3 9 15 0 . 7 8 8 3  
0 . 4 7 32 0 . 7415  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually passing 
into a mixing tube and then into a 
cell in which phases separated under 
gravity . Liquid sample removed from 
bottom of cell and vapor sample from 
top of cel l .  Compo sition determined 
by gas chromatography . Details in 
source and ref . ( 1) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample with purity 
better than 9 9  mole per cent . 

2 .  Aldrich Chemical Co . sample 
purity 99 mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/MPa ' ± 0 . 0 3 ;  
oxcH ' oycH = ± 2 % . 

4 4 

REFERENCES : 

1 .  Simnick , J . J . ; Lawson ,  C . C . ; 
Lin , H-M. ; Chao , K-C .  Am . Ina t .  
Chern . Engnra . J . , 1977 , 2 3 ,  4 6 9 .  



544 Alkylbenzenes and Naphthalenes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2- B ]  Sebastian , H .  M . ; Sirnnick , J .  J . ; 
Lin , H . -M . ; Chao , K . -c . 

2 .  1 , 2 , 3 , 4-Tetrahydronaphtha1ene J.  Chem. Engng .  Da ta 
( Tetra1in) ; C t o H t 2 i  197 9 , 2 4 , 149-15 2 . 
[ 119-64-2 ] 

Mole fraction of methane 
T/K p/atm p/MPa in liquid , xCH4 

in gas , YcH4 

6 64 . 6  4 9 . 84 5 . 0 5 0  0 . 07 4 1  0 . 4 9 5 0  
99 . 17 10 . 0 4 5  0 . 1 9 3 4  0 . 612 8 

14 8 . 8  15 . 08 0 . 3 5 14 0 . 5 5 9 3  
155 . 8  1 5 . 7 9 0 . 3 6 1 5  0 . 4 1 91 



Alkylbenzenes and Naphtha lenes 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2- 8 ] 

2 .  1-Methylnaphthalene ; C t t H t o ; 
[ 9 0-12- 0 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atrn . p/MPa 

4 64 . 2  2 0 . 74 2 . 101 
3 1 . 0 2  3 . 14 3  
5 0 . 2 4 5 . 0 91  
9 9 . 16 10 . 04 7  

150 . 9  15 . 2 9 
199 . 4  2 0 . 20 
2 4 7 . 6  2 5 . 0 9 

5 4 3 . 6  2 0 . 3 8 2 . 0 6 5  
30 . 55 3 . 0 9 5  
5 0 . 32 5 . 0 99  
9 9 . 9 9 10 . 131 

149 . 3  15 . 13 
2 00 . 0  2 0 . 2 7 
2 4 8 . 0  2 5 . 13 

6 2 4 . 5  2 0 . 2 3 2 . 0 5 0  
30 . 55 3 . 0 9 5  
5 0 . 6 6 5 . 13 3  

100 . 4 0  10 . 17 3  
1 4 9 . 0  15 . 10 
199 . 2  2 0 . 1 8 
2 4 7 . 7  2 5 . 10 

ORIGINAL MEASU�MENTS : 

Sebastian , H . M . ; Simnick , J . J . ; 
Lin , H-M. ; Chao , K-C . 

J .  Chern . Engng .  Data , 1979 , 2 4 , 
149-15 2 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid , in gas , 

X 
CH4 

Y CH 4 

0 . 0 2 8 1  0 . 9 8 5 8  
o .  0 4 11 0 . 9 8 9 1  
0 . 0 6 5 1  0 . 9915  
0 . 12 5 4  0 . 9 9 2 8  
0 . 18 0 3  0 . 9 9 2 2  
0 . 2 3 2 2  0 . 9 9 0 6  
0 . 2 7 8 7  0 . 98 8 4  
0 . 0 2 7 5  0 . 9 0 7 1  
0 . 04 2 1  0 . 9 3 17 
0 . 0 6 9 7  0 . 9 5 2 6  
0 . 13 6 0  0 . 9 6 4 8  
0 . 19 9 2  0 . 96 6 4  
0 . 25 9 8  0 . 9 6 4 3  
0 . 3 1 8 4  0 . 9 6 0 3  

0 . 0 2 4 6  0 . 6 4 6 3  
0 . 0 4 0 8  0 . 74 7 6  
0 . 07 4 6  0 . 8 2 5 2  
0 . 1512 0 . 8 7 84 
0 . 22 7 5  0 . 8 8 9 2  
0 . 30 4 5  0 . 8 9 17 
0 . 37 9 8  0 . 8 7 7 7 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually pass ing 
into a mixing tube and then into a 
cell in which phases separated under 
gravity . Liquid sample removed from 
bottom of cell and vapor sample from 
top of cell . Composition 
determined by gas chromatography . 
Details in source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample with purity 
better than 99 mole per cent . 

2 .  Aldrich Chemical Co . sample 
purity 97 mole per cent . 
Fractionally distilled under 
vacuum. 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  op/MPa � ± 0 . 0 3 ;  
ox

cH , oy
cH = ± 2 %  

4 4 

REFERENCES : 

1 .  S irnnick , J . J . ; Lawson , C . C . ; 
Lin , H-M. ; Chao , K-C . , Am.  Ins t .  
Chern . Engn�s . J . , � '  2 3 ,  4 6 9 .  
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546 Alkylbenzenes and  Naphthalenes 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ; [ 74 - 8 2- 8 ]  Sebastian , H .  M . ; Simnick , J .  J .  i 
Lin , H . -M . ; Chao , K . -c .  

2 .  1-Methylnaphthalene ; C 1 1 H ! o i 
[ 9 0- 12- 0 ]  J .  Chem .  Engng.  Data 

197 9 ,  2 4 , 149-152 . 

Mole fraction of methane 
T/K p/atm . p/MPa in liqui d ,  in gas ,  

xCH 4 
Y cH4 

7 0 4 . 0  30 . 07 3 . 04 7  0 . 0 2 8 6  0 . 3 5 2 3  
5 0 . 24 5 . 0 9 1  0 . 0 7 1 6  0 . 5 2 15 

1 0 0 . 25 10 . 15 8  0 . 17 9 7  0 . 6 6 0 3  
14 8 . 8  1 5 . 0 8 0 . 2 9 5 1  0 . 6 75 0  
1 72 . 9  17 . 5 2 0 . 3 72 4  0 . 6 4 8 1  
1 8 1 . 3  1 8 . 37 0 . 4 0 1 6  0 . 6 4 2 9  
1 8 5 . 7  1 8 . 8 2 0 . 4 5 4 4  0 . 6 3 4 1  

. 



Alkylbenzenes and Naphthalenes 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4 - 8 2 - 8 ]  

2 .  1-Methylnaphthalene ; C 1 1 H 1 o i 

[ 90-12-0 ] 

VARIABLES :  

EXPERIMENTAL VALUES : 

t;o c T/K 

1 0 2  3 7 5  

2 0 2  4 7 5  

ORIGINAL MEASUREMENTS : 

Henson , B. J . ; Tarrer , A .  R . ; 

Curtis ,  c .  W . ; Guln , J .  A .  
Ind . Eng . Chern . Proaess  Des . Dev .  

1 9 8 2 , 2 1 , 5 7 5-57 9 .  

PREPARED BY : 

c .  L .  Young 

P/MPa Mole fraction of methane , 
xCH 4 

4 . 7 9 0 . 06 8 5  
8 . 95  0 . 11 8 5  

11 . 4 5  0 . 15 4 3  

4 . 9 5 0 . 0 6 4 5  
6 . 9 5 0 . 0 8 9 0  

11 . 21 0 . 1411 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

One gallon static equilibrium cell 

fitted with magnetic agigator . 
Samples taken from small volume 
sample loops through which equi
librium liquid was circulated. 
Gas in liquid sample as  estimated 
by volumetric technique using a 

Toffel pump . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9  

mole per cent . 

2 .  Aldrich Chemical Co . sample , 

purity 9 7  mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 1 ;  oxCH 4 
= ± 4 %  

(estimated by compiler) . 

REFERENCES : 
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548 Alkylbenzenes and Naphthalenes 

COMPONENTS : 

1 .  Methane;  CH 4 ; [ 7 4-82 -8 ] 

2 .  1 , 1�-Methylenebisbenzene , 
(Diphenylmethane) ; C 1 3 H 1 2 ; 
[ 101-81-5 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atm p/MPa 

46 2 . 5  19 . 8 9 2 . 015  
3 0 . 10 3 . 05 0  
4 9 . 8 3 5 . 049  
9 9 . 2 3 10 . 05  

149 . 3  15 . 13 
2 00 . 0  2 0 . 27 
249 . 7  2 5 . 3 0 

54 2 . 2  19 . 8 3 2 . 0 09  
3 0 . 24 3 . 064 
4 9 . 9 7 5 . 0 63 
9 8 . 8 3  10 . 01 

149 . 9  15 . 1 9 
19 6 . 8  19 . 9 4 
2 4 8 . 7  2 5 . 2 0 

623 . 7  19 . 8 3 2 . 0 0 9  
3 0 . 0 4 3 . 0 4 4  
4 9 . 8 4 5 . 0 50 
9 9 . 6 5 1 0 . 0 9 7  

149 . 2  15 . 12 
19 9 . 5  2 0 . 2 1 
249 . 7  2 5 . 30 

ORIGINAL MEASUREMENTS : 

Sebastian , H .M . ; Simnick , J . J . ; 
Lin , H-M. ; Chao , K-C .  

J.  Chern . Engng . Data , 1979 , 24 , 
149-152 . 

P REPARED BY : 

C .  L .  Young 

Mole fraction of methane 
in liquid , XCH4 in gas , YcH4 

0 . 0 33 5  0 . 98 9 3  
0 . 0 4 9 3  0 . 9 9 3 3  
0 . 0 7 9 2  0 . 9 9 4 9  
0 . 15 0 8  0 . 9 9 5 3  
0 . 2139  0 . 9 9 4 7  
0 . 2 7 3 1  0 . 99 3 8  
0 . 32 3 5  0 . 9 918  
0 . 03 3 9  0 . 9 3 5 0  
0 . 0516  0 . 95 3 3  
0 . 0 8 4 8  0 . 9661  
0 . 1 636 0 . 9 7 5 3  
0 . 2 3 3 9  0 . 9759  
0 . 2 9 9 2  0 . 9 7 3 8  
0 . 3618  0 . 9 7 0 0  
0 . 0320  0 . 7 2 9 0  
0 . 0 5 19 0 . 8 0 2 9  
0 . 0 9 12 0 . 8 6 7 3  
0 . 18 4 5  0 . 9 0 5 9  
0 . 2 6 7 9  0 . 9156 
0 . 3535  0 . 9127 
0 . 4 38 8  0 . 9001  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 
gas components continually passing 
into a mixing tube and then into a 
cell in which phases separated under 
gravity . Liquid sample removed from 
bottom of cell and vapor sample from 
top of cell . Composition determined 
by gas chromatography . Details in 
source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample with purity better 
than 99 mole per cent . 

2 .  Aldrich Chemical Co . sample purity 
9 9  mo le per cent . 

ESTIMATED ERROR: 

IST/K = ± 0 . 2 ; opjMPa � ± 0 . 0 3 ;  
oxCH4 ' oyCH 4 = ± 2 % . 

REFERENCES : 

1 .  Simnick , J . J . ; Lawson , C . C . ; 
Lin , H-M; Chao , K-C .  Am. Ins t . 
Chern . Engnrs . J . , 1977 , 2 3 ,  469 . 



Alkylbenzenes a nd Naphthalenes 549 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane;  CH 4 ; [ 74 - 8 2 -8 ]  Sebastian , H .  M . ; Simnick , J .  J . ; 
Lin , H . -M . ; Chao , K . -c .  

2 .  1 , 1 ' -Methylenebisbenzene J .  Chern . Engn g .  Data ( Diphenylmethane ) ;  C 1 3 H 1 2 ; 197 9 ,  24 , 14 9-152 . [ 10 1- 8 1-5 ] 

Mole fraction of methane 
T/K p/atm p/MPa in liquid , xCH 4 

in gas , Y cH 4 

7 02 . 9  3 0 . 5 1 3 . 0 9 1  0 . 0 4 4 8  0 . 4 4 0 7  
4 9 . 8 3 5 . 0 4 9  0 . 0 9 6 1  0 . 5 9 8 2  

1 0 0 . 3  10 . 1 6 0 . 2 2 2 8  0 .  7 13 2  
1 5 0 . 4  15 . 2 4 0 . 3 5 7 6  0 . 7 2 3 0  

-



550 Alkylbenzenes and Naphthalenes 

COMPONENTS : 
1 .  Methane; CH 4 ; [ 7 4-82-8 ] 

2 .  9 , 10-Dihydrophenanthrene 
C t 4 H t 2 1 [ 776-35- 2 ]  

VARIABLES : 
Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atm p/MPa 

54 6 . 3  2 0 . 09 2 . 03 6  
3 0 . 2 2  3 . 0 62 
5 0 . 5  5 . 1 2 
9 9 . 6  10 . 09 

1 50 . 3  15 . 23  
2 00 . 3  2 0 . 3 0 
2 50 . 0  2 5 . 3 3 

5 4 2 . 8 5 20 . 0 4 2 . 0 31 
3 0 . 18 3 . 0 5 8  
50 . 2  5 . 0 8 7  
99 . 8  10 . 11 

15 0 . 1  15 . 21 
199 . 9  2 0 . 2 5 
24 9 . 7  25 . 3 0 

6 22 . 5  20 . 4 5 2 .  0 7 2  
30 . 19 3 . 0 5 9  
4 9 . 9  5 . 0 6 

10 0 . 0  10 . 13 
150 . 7  15 . 2 7 
2 0 0 . 1  2 0 . 2 8 
249 . 2  2 5 . 25 

703 . 15 20 . 0 4 2 . 031  
3 0 . 01 3 . 04 1  
50 . 5  5 . 117  
9 9 . 7  1 0 . 10  

150 . 7  15 . 27 
AUXILIARY 

METHOD /APPARATUS /PROCEDURE : 

F low apparatus with both liquid 
and gas components continually 
passing into a mixing tube and then 
into a cel l  in which phases 
separated under gravity . Liquid 
sample removed from bottom of 
cell and vapor sample from top 
of cel l .  Composition determined 
by gas chromatography . Details 
in source and ref . ( 1 ) . 
Some decomposition to phenanthrene 
occurred at the highest temperature 
(up to - 5% at the highe st pressure) 

ORIGINAL MEASUREMENTS : 
Sebastian , H . M . ; Lin , H-M . ; 
Chao , K-C . 

J .  Chern.  Engng . Data . 1 9 8 0, 2 5 ,  
379-3 8 1 . 

PREPARED BY : 
C . L .  Young 

Mole fraction of methane 
in liquid , in gas 

XCH 4 XCH 4  

0 . 0255  0 . 9 9 7 6 0  
0 . 0371  0 . 9 9 8 34 
0 . 0600  0 . 9 9 8 8 4  
0 . 1132  0 . 9 9 871  
0 . 1 6 2 8  0 . 9 9 8 4 9  
0 . 2058  0 . 9 9 806  
0 . 2 4 4 5  0 . 9 9 7 5 7  
0 . 0268  0 . 9 7 8 1  
0 . 0396  0 . 9 4 81 
0 . 0 6 4 2  0 . 9 8 8 6 
0 . 1227  0 . 9912  
0 . 17 6 8  0 . 9 9 14 
0 . 227 8 0 . 9 9 0 8  
0 . 27 4 4  0 . 9 8 9 3  
0 . 0 2 8 4  0 . 8 9 2 5  
0 . 0421  0 . 9 2 2 4  
0 . 0693  0 . 9 4 6 1  
0 . 1353  0 . 9 6 2 9  
0 . 19 7 2  0 . 9 6 6 5  
0 . 2576 0 . 9 6 6 6  
0 .  3115 0 . 9 6 4 3  
0 . 0252  0 . 6 6 2 3  
0 . 0429  0 . 7477  
0 . 0763  0 . 8301  
0 . 1537  0 . 8 8 89 
0 . 2246  0 . 9105  

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , minimum purity 
99 mole per cent.  

2 .  Aldrich Chemical Co . sample 
purified by zone refining , 
final purity better than 9 9  
mole per cent a s  determined 
using GC . 

ESTIMATED ERROR: 

oT/K = ± 0 . 2 ;  o p/MPa < ± 0 . 0 3 ;  
oxCH 4 ' 0 YCH 4  = ± 2 %  

REFERENCES : 

1 .  Simnick , J .J . ; Lawson , C . C . ; 
Lin , H-H . Chao , K-C . 
Am . Ins t .  Chern.  Engn�s . J .  1977  
23, 469 . 



Alkylbenzenes and Naphthalenes 

COMPONENTS : 

l .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ) 
2 .  Nonane ; C H ; [ l l l - 8 4 -2 ) 
3 .  2 , 2 , 3-Tri�etRyl butan e ;  c7H1 6 ; 

[ 4 6 4 - 0 6 - 2 ) 

VARIABLES : 
Pres sure , solvent composition 

EXPERIMENTAL VALUES : 

T/K = 

- 2  s����Rta P/kgcm 
in l iquid 

C7Hl 6  C9 H2 0  
2 0 0  1 0 0  0 . 4 1 7  

2 5  0 . 3 1 8  0 . 0 8 0  
0 0 . 3 8 8  

2 2 0  5 0  0 . 1 9 4  0 . 1 5 3  
0 0 . 2 8 6  

1 0 0  0 . 3 1 8  
2 5 0  7 5  0 . 0 8 3  0 . 20 9  

5 0  0 . 1 3 8  0 . 1 0 6  
2 5  0 . 1 2 5  0 . 0 3 3  

2 8 0  7 5  0 . 0 6 1  0 . 1 5 2  
5 0  0 . 0 6 6  0 . 05 9  

1 0 0  0 . 2 3 2  
3 0 0  7 5  0 . 0 4 5  0 . 1 0 5  

ORIGINAL MEASUREMENTS : 

Savvina , Ya . D . ; Vel ikovskii ,  A. s .  
T r . V s e s . N a u c h n o - I s s l e d . I n s t .  

P r i r o d . G a z . , 1 9 6 2 1 1 7  1 9 7- 2 0 2 . 

PREPARED BY : 
c .  L .  Young 

3 3 3 . 2  

Mol e  f ract ion 
i n  vapour 

CH4 C7Hl 6  C9 H2 0  CH4 
0 . 5 8 3  0 . 01 0  0 . 9 9 0  
0 . 6 0 2  0 . 0 3 3  0 . 0 1 5  0 . 9 5 2  
0 . 6 1 2  0 . 07 3  0 . 92 7  
0 . 6 5 3  0 . 0 2 5  0 . 0 1 4  0 . 9 6 1  
0 . 7 1 4  0 . 1 4 5  0 . 8 55  
0 . 6 8 2  o .  0 1 4  0 . 9 8 6  
0 . 7 0 8  0 . 0 1 8  0 . 0 1 7  0 .  9 6 5  
0 . 7 5 6  0 . 0 3 0  0 . 0 1 9  0 . 9 5 1  
0 . 84 2  0 . 0 9 2  0 . 03 2  0 . 8 7 6  
0 . 7 8 7  0 . 0 2 5  0 . 02 5  0 . 9 5 0  
0 . 8 7 5  0 . 0 6 4  0 . 04 7  0 . 88 9  
0 . 7 6 8  0 . 0 3 0  0 . 9 70 
0 . 8 50  0 . 04 8  0 . 0 6 9  0 . 88 3  

a volume f raction of nonane in origina l cel l charge 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
val ue s  appear to b e  determined 
�sing apparatus described in 

e f . ( 1 ) .  Compos ition of l iquid 
phase determined f rom ref ractive 
' ndex measurements .  

SOURCE AND PURITY OF MATERIALS : 
. No deta i l s  given except purity 

of methane 9 9  mol e per cent . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Savvina , Ya . D . ; 
Ve 1 ikovskii ,  A. S . ; 
T r , V s e s . N a u c h n o - I s s e d ,  

I n s t .  P r i r o d n . G a z o v . ,  
1 9 6 2 , 1 7 / 2 5 , 1 6 3 . 
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552 Alkylbenzenes and Naphthalenes 

COMPONENTS : 

1 .  Methane;  CHa ; [ 7 4- 8 2 - 8 ) 
Benzen e ;  c H ; [ 7 1- 4 3 - 2 ) 
2 , 2 , 3-TrimatRylbutane ; c 7H1 6 ; 
[ 4 6 4 -06-2 ) 

2 .  
3 .  

VARIABLES : 
Pres sure , solvent compos ition 

EXPERIMENTAL VALUES : 
T/K = 

-2  z����Hta P/kgcm 
in l iquid 

C7Hl 6  C6H6 

200 1 0 0  0 . 6 3 4  
7 5  0 . 1 4 9  0 . 4 2 6  
50  0 . 3 0 5  0 . 2 1 4  
2 5  0 . 3 4 8  0 . 1 0 5  

0 0 . 3 8 8  
2 1 0  1 0 0  0 . 6 2 1  

7 5  0 . 1 3 2  0 . 4 22 
50  0 . 2 6 6  0 . 2 3 6  
2 5  0 . 3 32  0 . 0 9 4  

0 0 . 3 4 2  
220 1 0 0  0 . 60 9  

7 5  0 . 1 5 2  0 . 3 9 1  
5 0  0 . 2 72  0 . 2 0 5  
25  0 . 2 9 2  0 . 1 0 9  

0 0 . 2 8 1  
2 3 0  1 0 0  0 . 5 9 6  

7 5  0 . 1 3 7  0 . 3 9 3  
5 0  0 . 2 4 5  0 . 3 9 3  
25 0 . 2 7 3  0 . 0 9 1  

ORIGINAL MEASUREMENTS : 
Savvina , Ya . D . ; Ve l ikovskii , A .  s .  
T r . V s e s . N a u c h n o - I s s l ed . I n s t .  
P r L r o d . G a z . , 1 9 6 2 , 1 7 ,  1 9 7-202 . 

PREPARED BY : 
c .  L .  Young 

3 3 3 . 2  

Mole  fraction 
in vapour 

CH4 C7Hl 6  C6H6 CH4 

0 . 3 6 6  0 . 02 8  o .  9 7 2  
0 . 4 2 5  0 . 0 1 2  0 . 0 2 9  0 . 9 5 1  
0 . 4 8 1  0 . 02 5  0 . 0 3 3  0 . 9 4 2  
0 . 5 4 7  0 . 0 3 3  0 . 0 3 5  0 . 9 3 2  
0 . 6 1 2  0 . 07 3  0 . 9 2 7  
0 . 3 7 9  0 . 0 29  0 .  9 7 1  
0 . 4 4 6  0 . 0 1 8  0 . 0 3 2  0 . 9 5 0  
0 . 4 9 8  0 .  0 3 1  0 . 0 3 4  0 . 9 3 5  
0 . 5 7 5  0 . 0 4 3  0 . 03 8  0 . 9 1 9  
0 . 6 5 8  0 . 0 9 3  0 . 9 07  
0 . 3 9 1  0 . 0 3 1  0 . 9 6 9  
0 . 4 5 7  0 . 0 2 5  0 . 0 3 4  0 . 9 4 1  
0 . 5 2 3  0 . 04 2  0 . 03 6  0 . 92 2  
0 . 5 9 9  0 . 0 5 3  0 . 04 2  0 . 9 0 5  
0 .  7 1 9  0 . 1 4 5  0 . 8 5 5  
0 . 4 0 4  0 . 0 3 2  0 . 9 6 8  
0 . 4 7 0  0 . 03 3  0 . 04 0  0 . 9 2 7  
0 . 5 4 6  0 . 0 5 3  0 . 0 4 2  0 . 9 0 5  
0 . 63 6  0 . 06 1  0 . 04 4  0 . 85 5  

a vo lume fraction o f  benzene i n  orLginal ce l l  charge 

AUXI L I ARY INFORNAT ION 

METHOD 'APPARATUS /PROCEDURE : 

Va lues appear to be determined 
using apparatus described in 
ref . ( 1 ) .  Compos ition of l iquid 
phase determined from ref ractive 
index measurements . 

SOURCJ:. AND PURl TY OF NATERIALS : 
No detai l s  given except purity 
of methane 99 mo le per cent . 

ESTINATED ERROR: 

REFERENCES : 
1 .  Savvina , Ya . D . ; 

Ve l ikovskii ,  A. S . ; 
T r . V s e s . N a u c h n o - I s s e d .  
I n s t .  P r i r o d n . G a z o v . ,  
1 9 6 2 , 1 7 / 2 5 , 1 6 3 . 



Miscel laneous Hydrocarbon Systems 553 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 7 4-82-8 ]  
2 .  Ethane ; C2 H 6 ; [ 7 4-84-0 ]  
3 .  Propane ; C 3 H a ; [ 7 4-9 8-6 ] 
4 .  Methylbenzene ; C 1 H 8 ; [ 108-88-3 ]  
5 .  1-Methylnaphthalene ; C 1 1 H 1 o l  

[ 9 0-12-0 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K P/MPa 

(Tj OF )  (p/psia) 

377 . 6  1 .  38  
( 22 0 )  ( 2 0 0 )  

2 . 7 6 
( 4 0 0 )  

4 . 14 
( 6 0 0 )  

5 . 5 2 
( 8 0 0 )  
6 . 8 9 

( 1 0 0 0 )  

8 . 6 2 
( 1 2 5 0 )  

1 0 . 34  
( 1 5 0 0 )  

1 2 . 07  
( 1 7 5 0 )  

13 . 7 9 
( 2 0 0 0 )  

Temperature 

Phase 

gas 0 . 6 6 2 5  
liquid 0 . 01380  
gas o .  7100  
liquid 0 . 0 3 0 5 5  

gas 0 . 7415  
liquid 0 . 0 5 0 3 0  

gas 0 . 7 5 7 5  
liquid 0 . 0 6 9 4 0  
gas 0 . 7 6 9 5  
liquid 0 . 0 8 7 4 5  

gas 0 . 7 8 4 5  
liquid 0 . 1115 

gas 0 . 7 9 4 0  
liquid 0 . 1355  
gas 0 . 8 0 3 0  
liquid 0 . 15 6 0  

gas 0 . 8 0 8 5  
liquid 0 . 17 5 5  

AUXILIARY 

METHOD/APPARATUS/PROCEDURE ; 

Variable volume , windowed phase 
equilibrium cell was used in which 
the mixture was confined by a 
floating piston . Pressure was 
measured with a Bourdon pressure 
gauge . Temperature was measured 
with a platinum resistance thermo

meter . Samples of vapor and 
liquid phases analysed by GC using 
a thermal conductivity detector . 
Details in ref .  ( 1 ) . 

ORIGINAL MEASUREMENTS : 

Li , Y . -H . ; Dillard , K .  H . ;  
Robinson , R .  L .  

J.  Chern.  Eng . Da ta 

19 8 1 ,  2 6 , 2 0 0-204 . 

PREPARED BY : 

c .  L .  Young 

Mole fractions 

0 . 1805  0 . 1150  0 . 0 4 1 5 5  
0 . 01455  0 . 02195  0 . 5575  
0 . 1670  0 . 0 9 5 0 5  0 . 0 2 4 7 0  
0 . 0 2 7 6 5  0 . 0 3 5 9 5  0 . 5 3 6 5  
0 . 1590  0 . 0 8 0 4 5  0 . 01905  
0 . 0 3 9 4 5  0 . 04 4 6 0  0 . 5155  
0 . 1520  0 . 0 7 3 2 5  0 . 01695  
0 . 04810  0 . 0 5 0 9 0  0 . 4 9 10 
0 . 14 5 0  0 . 0 6 8 7 5  0 . 01650  
0 . 0 5 3 9 0  0 . 0 5 2 7 0  0 . 4 8 2 0  
0 . 13 6 0  0 . 0 6 2 6 0  0 . 01615 
0 . 0 6 0 3 0  0 . 0 5 5 6 5  0 . 4 6 3 5  

0 . 12 9 5  0 . 0 5 8 8 5  0 . 01680  
0 . 0 6 5 3 5  0 . 0 5 7 3 5  0 . 4 4 6 0  

0 . 1230  0 . 0 5 5 3 5  0 . 01780  
0 . 06 8 5 5  0 . 0 5 7 7 0  0 . 4 2 7 5  

0 . 1190  0 . 0 5 2 8 5  0 . 01910 
o .  07190  0 . 0 5 8 5 5  0 . 4120  

INFORMATION 

0 . 0 0 0 4 6 2 0  
0 . 3 9 2 0  

0 . 0003350  
0 . 36 9 5  
0 . 0003170  
0 . 3500  
0 . 0 0 0 3 6 4 5  
0 . 3 4 0 5  
0 . 0 0 0 3 5 5 5  
0 . 3 2 4 0  

0 . 0 0 0 3 9 9 0  
0 . 3 0 9 0  

0 . 0 0 0 4 2 9 0 •  
0 . 2 9 6 0  

0 . 0005140  
0 . 2 9 0 0  

0 . 0005610  
0 . 2 8 2 0  

( cont . )  

SOURCE AND PURITY OF MATERIALS ; 

1 ,  2 ,  3 .  Linde samples , purities 
9 9 . 9 7 ,  9 9 . 0  and 9 9 . 5  mole 
per cent , respectively . 

4 .  Phillips Petroleum Co . sample , 
purity better than 97 . 8  mole 
per cent . 

5 .  Aldrich Chemical Co . sample , 
purity better than 9 7  mole per 
cent . 

ESTIMATED ERROR: 
o T/K = ± 0 . 0 5 ;  oP/MPa = ± 2 % ; 
ox = ± 2 %  or 0 . 0001  (whichever is 
greater) (estimated by compiler) • 

REFERENCES : 

1 .  Li , Y . -H . ; Dillard , K .  H . ; 
Robinson , R .  L .  
J .  Chern.  Eng . Da ta 

1 9 8 1 ,  2 6 ,  53 . 



554 Miscellaneous Hydrocarbon Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] Li , Y .  -H . ; Dillard , K .  H . ;  
2 .  Ethane ; C z Hs ; [ 7 4-84-0 ] Robinson , R .  L .  
3 .  Propane ; C 3 H a ; [ 74-9 8-6 ] J.  Chern . Eng . Data 4 .  Methylben zene ; C , H a ; [ 108-88-3 ]  
5 .  1-Methylnaphthalene ; C 1 1 H t o i  1 9 8 1 , 2 6 , 2 0 0-2 0 4 . 

[ 9 0-12- 0 ]  

EXPERIMENTAL VALUES : 

T/K P/MPa Mole fractions 

(T/°F )  p/psia Phase xCH 4 XC z H s XC 3 H a  xC , H a  XC t t H t o 

4 10 . 9  1 .  6 5  gas 0 . 6 3 5 0  0 . 1670  0 . 1110 0 . 0 8 1 8 5  0 . 0 0 1 8 8 5  
( 2 3 9 )  liquid 0 . 01615 0 . 01410 0 . 0 1 9 8 5  0 . 57 3 0  0 . 37 7 0  
3 . 0 3 gas 0 . 6 7 9 5  0 . 1665  0 . 0 9 9 3 0  0 . 0 5 3 3 5  0 . 001360  

( 4 3 9 )  liquid 0 . 03330  0 . 02510  0 . 03105  0 . 55 8 0  0 . 3 5 2 5  
4 . 4 1 gas 0 . 7 0 5 0  0 . 1610 0 . 09015  0 . 04 2 6 5  0 . 001025  

( 6 4 0 )  liquid 0 . 05150  0 . 03420  0 . 0 3 8 3 5  0 . 5 4 2 5  0 . 3335  
5 . 7 8 gas 0 . 7 2 4 0  0 . 1545  0 . 0 8 2 5 5  0 . 03810  0 . 001030  

( 8 3 9 )  liquid 0 . 0 6 9 0 5  0 . 04150  0 . 0 4 3 3 0  0 . 5 2 4 0  0 . 32 2 5  
7 . 1 4 gas 0 . 7 3 8 0  0 . 1 4 8 0  0 . 0 7 6 5 5  0 . 0 3 6 4 0  0 . 001170 

( 1 0 3 5 )  liquid 0 . 0 8 8 1 0  0 . 0 4 7 7 0  0 . 0 4 6 8 0  0 . 5050  0 . 3125  
8 . 9 1 gas 0 . 7510  0 . 1415  0 .  07155  0 . 0 3 4 7 0  0 . 001200  

( 1 2 9 2 )  liquid 0 . 1165  0 . 0 5 6 5 5  0 . 05100  0 . 4 2 8 5  0 . 2 9 7 5  
10 . 6 3 gas 0 . 7 6 5 0  0 . 1340  0 . 0 6 6 2 0  0 . 0 3 3 3 5  0 . 001310 

( 1 5 4 2 )  liquid 0 . 1415  0 . 06360  0 . 0 5 4 7 0  0 . 4 5 6 0  0 . 2 8 4 5  
12 . 36  gas 0 . 7 7 4 5  0 . 12 8 0  0 . 06185  0 . 03410  0 . 001515  

( 1 7 9 2 )  liquid 0 . 1610 0 . 0 6 6 6 5  0 . 0 5 5 3 0  0 . 4 4 0 5  0 . 2 7 6 5  
1 4 . 0 9 gas 0 . 7 8 1 0  0 . 12 3 5  0 . 0 5 9 8 0  0 . 0 3 4 5 5  0 . 001565  

( 2 0 4 3 )  liquid 0 . 1 8 5 5  0 . 07 0 4 0  0 . 0 5 6 2 0  0 . 4 2 5 0  0 . 2 6 3 0  
4 4 4 . 3  1 .  4 1  gas 0 . 5565  0 . 14 8 0  0 . 1035  0 . 1 8 5 5  0 . 006925  

( 2 0 4 )  liquid 0 . 01230  0 . 0 0 8 9 4 5  0 . 012 00 0 . 5235  0 . 4 4 3 5  
2 . 6 3 gas 0 . 6 2 8 0  0 . 1550  0 . 0 9 9 9 5  0 . 1125  0 . 0 0 4 5 9 0  

( 3 8 1 )  liquid 0 . 0 2 6 7 5  0 . 01770  0 . 02160  0 . 5 3 5 5  0 . 3 9 8 5  
4 . 0 7 gas 0 . 6 6 4 0  0 . 1545  0 . 0 9 4 6 0  0 . 0 8 2 8 0  0 . 003730  

( 59 1 )  liquid 0 . 0 4 5 7 5  0 . 0 2 7 2 0  0 . 0 3 0 9 5  0 . 5 2 3 5  0 .  3725  
5 . 4 7 gas 0 . 6 8 7 0  0 . 1510 0 . 0 8 8 4 0  0 . 0 7 0 3 5  0 . 0 0 3 2 8 0  

( 7 9 3 )  liquid 0 . 06125  0 . 0 3 3 7 5  0 . 0 3 6 6 0  0 . 514 0 0 . 3 5 4 5  
6 . 8 7 gas 0 . 7 0 8 0  0 . 14 5 5  0 . 08215  0 . 06145  0 . 0 0 3 0 5 0  

( 9 9 6 )  liquid 0 . 0 8 120 0 . 0 4 0 7 5  0 . 0 4 0 7 0  0 . 4 9 8 0  0 . 3 3 9 5  
8 . 5 8 gas 0 .  7210  0 . 1405  0 . 07715  0 . 0 5 8 3 0  0 . 0 0 3 2 0 5  

( 1 24 4 )  liquid 0 . 1050  0 . 0 4 7 7 5  0 . 04 4 9 5  0 . 4 7 7 5  0 . 3250  
10 . 3 5 gas 0 . 7 3 5 5  0 . 1350  0 . 0 7 2 2 0  0 . 0 5 4 5 5  0 . 0 0 3 0 2 5  

( 1 5 0 1 )  liquid 0 . 1335  0 . 0 5 4 7 5  0 . 04 8 9 0  0 . 4 5 9 5  0 . 3035  
12 . 0 1 gas 0 . 7 4 4 5  0 . 1300  0 . 0 6 8 4 0  0 . 0 5 3 8 0  0 . 003190  

(1742 )  liquid 0 . 1535  0 . 0 5 9 6 0  0 . 0 5 0 7 5  0 . 4 4 4 0  0 . 2 915  
13 . 6 4 gas 0 . 7 4 9 5  0 . 1 260  0 . 0 6 5 5 0  0 . 0 5 5 3 5  0 . 0 0 3 7 2 5  

( 1 9 7 8 )  liquid 0 . 16 9 5  0 . 0 6 2 2 0  0 . 05155  0 . 4 3 35 0 . 2 8 3 0  
4 7 7 . 6  1 .  4 3  gas 0 . 4 9 2 5  0 . 1305  0 . 0 8 8 9 0  0 . 2 7 0 0  0 . 01810 

( 4 0 0 )  ( 2 0 7 )  liquid 0 . 0 0 9 9 9 0  0 . 0 0 6 5 0 5  0 . 0 0 8 0 6 5  0 . 4 3 0 5  0 . 5 4 5 0  
2 . 7 5 gas 0 . 5715  0 . 14 5 5  0 . 0 9 4 5 0  0 . 17 8 0  0 . 0 1 0 4 5  

( 3 9 9 )  liquid 0 . 0 2 3 9 0  0 . 01445  0 . 01625  0 . 5 0 7 0  0 . 4 3 8 5  
4 . 21 gas 0 . 6150  0 . 1 4 9 0  0 . 0 9 2 5 5  0 . 1 350  0 . 0 0 8 3 6 5  

( 611 )  liquid 0 . 0 4 2 5 0  0 . 0 2 3 5 0  0 . 0 2 4 9 5  0 . 5105  0 . 3 9 8 5  
5 . 5 6 gas 0 . 6 3 9 0  0 . 14 8 0  0 . 0 8 9 0 0  0 . 11 6 5  0 . 007335  

( 80 6 )  liquid 0 . 05910  0 . 0 3 0 3 0  0 . 0 3 0 5 0  0 . 5 0 8 0  0 .  3 7 2 0  

(cont . )  



Miscel laneous Hydrocarbon Systems 555 

COMPONENTS : ORIGINAL MEASPREMENTS : 

l .  Methane ; CH � ; [ 7 4 - 8 2 - 8 ] Li , Y . -H . ; Dillard , K .  H . ; 
2 .  Ethane ; C 2 H 6 ; [ 74 - 84 - 0 ]  Robinson , R .  L .  
3 .  Propane ; C 3 H a ; [ 7 4-9 8-6 ] J.  Chem. Eng . Data 4 .  Methylbenzene ; C , H a i [ 10 8 - 8 8 - 3 ]  
5 .  1-Methylnaphthalene ; c 1 1 H l o i 1 9 8 1 ,  2 6 ,  2 00-204 . 

[ 9 0-12- 0 ]  

EXPERIMENTAL VALUES :  

T/K P/MPa Mole fractions 

{T/ ° F )  p/psia Phase xCH � 
XC 2 H 6  

XC 3 H a  
xC , H a  

XC 1 1 H ! 0 

4 7 7 . 6  7 . 0 3 gas 0 . 6 6 0 5  0 . 1 4 5 5  0 . 0 8 4 4 0  0 . 1 0 3 0  0 . 0 0 6 6 9 0  
{ 4 0 0 )  { 1 0 1 9 )  liquid 0 . 0 7 4 7 0  0 . 0 3 6 8 5  0 . 0 3 5 0 5  0 . 5 0 1 5  0 . 3 5 2 0  

8 . 6 9 gas 0 . 6 7 8 5  0 . 1 4 0 5  0 . 0 7 9 0 0  0 . 0 9 5 1 0  0 . 0 0 6 8 8 5  
{ 12 6 1 )  liquid 0 . 0 9 9 5 5  0 . 0 4 4 0 0  0 . 0 3 9 5 5  0 . 4 82 0  0 . 3 3 4 5  
1 0 . 2 9  gas 0 . 6 8 9 0  0 . 1 3 7 0  0 . 0 7 5 3 5  0 . 0 9 1 5 5  0 . 0 0 6 9 9 0  

{ 1 4 9 3 )  liquid 0 . 1 2 4 5  0 . 0 5 0 6 0  0 . 0 4 3 2 5  0 . 4 6 7 0  0 . 3 1 5 0  
12 . 18 gas 0 . 6 7 0 0  0 . 1 3 2 5  0 . 0 7 1 3 0  0 . 0 8 9 1 5  0 . 0 0 7 3 1 0  

{ 1 7 6 6 )  liquid 0 . 14 8 0  0 . 5 5 8 5  0 . 0 4 5 3 5  0 . 4 5 1 5  0 . 2 9 9 5  
1 3 . 6 5 gas 0 . 7 0 3 0  0 . 1 2 9 0  0 . 0 6 8 6 5  o .  09115  0 . 0 0 8 3 0 5  

{ 1 9 8 0 )  liquid 0 . 1 7 2 0  0 . 0 6 1 0 0  0 . 0 4 8 2 5  0 . 4 3 3 0  0 . 2 8 6 0  



556 Miscel laneous Hydrocarbon Systems 

COMPONENTS : 

1 .  Methane ; CH � ;  [ 7 4 - 8 2 -B ]  
2 .  Propane ; C 3H e ;  [ 7 4-98-6 ]  
3 .  Methylbenzene ; C 1H s ;  [ 10 8 - 8 8 - 3 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K P/MPa in liquid 
( T/°F)  (P/psi)  xCH � XC 3 H s  

( 2 3 3 . 15 )  0 . 6 8 9  0 . 030  0 . 2 45  
-40  (100 )  0 . 04 4  0 . 5 5 8  

1 .  3 8  0 . 05 2  0 . 1 01 
( 2 1) 0 )  0 . 05 6  0 . 142  

0 . 06 2  0 . 2 22 
0 . 10 9  0 . 6 61 

2 . 7 6 0 . 117  0 . 1 67 
( 4 0 0 )  0 . 135 0 . 2 4 7  

0 . 16 8  0 . 4 44  
4 . 14 0 . 14 5  0 . 0 8 0  
( 6 0 0 )  0 . 17 5  0 . 1 91 

0 . 216  0 . 2 90  
5 . 5 2 0 . 18 2  0 . 0 76 
( B O O )  0 . 2 3 4  0 . 1 76 

0 . 27 8  0 . 2 6 0  
6 . 8 9 0 . 25 0  0 . 1 43  

( 1 0 0 0 )  

ORIGINAL MEASUREMENTS : 

Van Horn , L .  D . ; Kobayashi , R .  
J .  Chern.  Engng . Da ta 

1967 1 1 2 , 294-3 03 . 

P REPARED BY : 

c .  L .  Young 

Mole fractions 
in vapor 

xC , H a  YcH� Yc 3 H e 

o .  725  0 . 9 2 3 3  0 . 0767  
0 . 39 8  0 . 8 6 9  0 . 131 
0 . 847  0 . 9 7 8 4  0 . 0216 
0 . 802  0 .  9713  0 . 0 2 8 7  
o .  716 0 . 9595  0 . 0 4 0 5  
0 . 230  0 . 9 2 3 3  0 . 0767  
o .  716  0 . 9 7 8 4  0 . 0216 
0 . 618 o .  9713 0 . 0287  
0 . 388  0 . 9595  0 . 0 4 0 5  
o .  775  0 . 9 8 9 4 0 . 0106 
0 . 634  0 . 9784  0 . 0216 
0 . 4 9 4 0 .  9713  0 . 0 2 8 7  
0 . 74 2  0 . 9 8 9 4  0 . 0106 
0 . 59 0  0 . 9784  0 . 0216 
0 . 4 62 0 .  971 3 0 . 0287  
0 . 60 7  0 . 9784  0 . 0216 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

The solubilities were determined by 
measurement of retention volumes 
using gas chromatography . The 
method uses methane as carrier gas , 
propane as an inj ected solute and 
toluene as the stationary phase . 
The technique is described in the 
source and in ref .  ( 1 ) . 

SOURCE AND PURITY OF MATERI ALS : 

1 and 2 .  Major impurities were 
carbon dioxide and 
nitrogen amounting to 
about 0 . 2  mole per cent . 

3 .  Research grade . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 5 ;  oP/psi = ± 1 ,  P s 
1 , 000  psia ; ±2 , P � 1 , 00 0  psia ; 
ox , oy = ±1 . 5 % .  

REFERENCES : 
1 .  Koonce , K .  T .  

Ph . D . thesis,  Riae Univevsi ty,  

Houston , 19 6 3 .  



Miscel laneous Hydrocarbon Systems 557 

COMPONENTS : 

1 .  Methane � CH4 � [ 74 - 8 2 - 8 ] 

2 .  Hydrocarbon oil 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K Pjpsia 

70 . 0  2 9 4 . 3  2 0 0  
4 0 0  
6 0 0  
8 0 0  

1 0 0 0  
1 2 5 0  
1 5 0 0  
1 7 5 0  
2 0 0 0  
2 2 5 0  

1 0 0 . 0  311 . 0  2 0 0  
4 0 0  
6 0 0  
8 0 0  

1 0 0 0  
1 2 5 0  
1 5 0 0  
1 7 5 0  
2 0 0 0  
2 2 5 0  
2 5 0 0  

ORIGINAL MEASURE�NTS : 

Sage , B .  H . � Backus , H .  S . � 

Lacey , W .  N .  
Ind. Eng . Chern .  
1 9 35 , 2 ? ,  6 8 6 - 6 9 0 .  

PREPARED BY : 

C .  L .  Young 

PjMPa Solubility ,  
/wt-% 

1 .  3 8  0 . 3 6 
2 . 7 6 0 . 8 3 
4 . 14 1 . 10 
5 . 52 1 . 4 8 
6 . 8 9 1 . 8 8 
8 . 6 2  2 . 4 0 

1 0 . 34 2 . 9 3 
12 . 0 7 3 . 5 0 
13 . 7 9 4 . 14 
1 5 . 51 4 . 8 6 

1 .  38  0 . 35 
2 . 7 6  0 . 7 9 
4 . 14 1 . 0 6 
5 . 52 1 .  4 2  
6 . 8 9 1 .  79  
8 . 62 2 . 27 

10 . 3 4  2 . 7 8 
12 . 0 7 3 . 32 
1 3 . 7 9 3 . 92 
1 5 . 51 4 . 54 
17 . 2 4 5 . 2 2 

( cont . )  

s 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Contents of variable volume cell 

brought to equilibrium at desired 

temperature and pressure and volume 
determined . Volume varied by 
admission or removal of mercury. 
Bubble point determined from 
change in slope of pressure-volume 
curve . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Natural gas sample which was 
treated for removal of nitrogen , 
ethane and higher hydrocarbons . 
Final purity about 99 . 8  mole 
per cent . 

2 .  Non-waxy asphalt crude oil with 
molecular weight of between 3 3 5  & 
3 4 0  ( by freezing point depression ) . 

ESTIMATED ERROR: 

o T/K = ± 0 . 13 �  oPjpsia = ± 1 �  

oSjS = ± 0 . 001 . 

REFERENCES : 



558 Miscel laneous Hydrocarbon Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

l .  Methane 1 CH4 1 [ 7 4-82-8 ] Sage , B .  H .  1 Backus , H .  S o � 
Lacey , w. N .  

2 .  Hydrocarbon oil Ind.  Eng .  Chern . 

1 9 3 5 ,  2 7 1 68 6- 6 9 0 .  

EXPERIMENTAL VALUES : 

Tj DF T/K Pjpsia PjMPa Solubility , 
/wt-% 

13 0 . 0  3 2 7 . 6  2 0 0  l .  3 8  0 . 3 4 
4 0 0  2 . 7 6  0 . 7 5 
600  4 . 14 l .  02  
8 0 0  5 . 5 2 l .  36 

1000  6 . 89 1 . 72 
1 2 5 0  8 . 6 2  2 . 17 
1500  10 . 34 2 . 6 5 
1 7 5 0  12 . 07 3 . 1 5 
2 0 0 0  13 . 7 9 3 . 6 9 
2250  15 . 5 1 4 . 2 6 
2 5 0 0  17 . 2 4 4 . 8 8 
2 7 5 0  18 . 96 5 . 4  * 

1 6 0 . 0  3 4 4 . 3  2 0 0  1 . 3 8 0 . 3 3 
4 0 0  2 . 7 6  0 . 7 3 
6 0 0  4 . 14 0 . 9 8 
8 0 0  5 . 5 2 l .  31 

1 0 0 0  6 . 8 9 l .  66  
1250 8 . 6 2 2 . 09 
1500  10 . 34 2 . 5 4 
1750  12 . 07 3 . 01 
2 0 0 0  13 . 7 9 3 . 5 1 
2 2 5 0  15 . 51  4 . 0 3 
2 5 0 0  17 . 2 4 4 . 5 9 
2 7 5 0  18 . 9 6 5 . 20 
3 0 0 0  2 0 . 6 8 5 . 8  * 

1 90 . 0  361 . 0  2 0 0  l .  3 8  0 . 31 
4 0 0  2 . 76  0 . 7 0  
6 0 0  4 . 1 4 0 . 94 
8 0 0  5 . 5 2 l .  2 7  

1 0 0 0  6 . 8 9 1 . 6 2 
1 2 5 0  8 . 6 2 2 . 01 
1500  10 . 34 2 . 4 4 
1 7 5 0  12 . 07 2 . 8 8 
2 0 0 0  13 . 7 9 3 . 3 5 
2 2 5 0  15 . 51 3 . 8 3 
2 5 0 0  17 . 2 4 4 . 35 
2 7 5 0  18 . 9 6 4 . 9 0 
3000  2 0 . 6 8 5 . 5  * 

2 2 0 . 0  3 77 . 6  2 0 0  1 . 3 8 0 . 3 0 
4 0 0  2 . 7 6 0 . 6 7 
6 0 0  4 . 14 0 . 91 
8 0 0  5 . 5 2 l .  2 3  

1000  6 . 8 9 1 . 05 
1 2 5 0  8 . 62  l.  9 4  
1 5 0 0  10 . 3 4 2 . 3 5 
1 7 5 0  12 . 0 7 2 .  77  
2 0 0 0  13 . 7 9 3 . 2 1 
2 2 5 0  15 . 5 1 3 . 6 6 
2 5 0 0  17 . 24 4 . 3 1 
2 7 5 0  18 . 96 4 . 6 4 
3000  2 0 . 6 8 5 . 16 

* 
extrapolated values . 



Miscel laneous Hydrocarbon Systems 

COMPONENTS : 

1 .  Methane;  CH4 ; [ 74 - 8 2- 8 ]  

2 .  Hydrocarbon Blend ( Heavy Naphtha) 

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 

P/atm 

10 
20 
30  
40  
50  
60  
7 0  
80  

P/MPa 

1 . 0  
2 . 0  
3 . 0  
4 . 1  
5 . 1  
6 . 1  
7 . 1  
8 . 1  

ORIGINAL MEASUREMENTS : 

Frolich ,  P . K . ; Tauch , E . J . ; 
Hogan , J . J . ; Peer , A . A .  

Ind. Eng . Chern . 1 9 3 1 ,  2 3 ,  548-550  

PREPARED BY : 

C . L .  Young 

* 
Solubility , S 

6 
12  
1 8  
2 3  
2 8  
3 3  
39 
4 5  

* Volume o f  gas measured a t  101 . 3 2 5  kPa pressure and 29 8 . 15 K 
dissolved by unit volume of liquid measured under the same 
conditions . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell . Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method . Allowance was made for the 
vapor pressure of the liquid and 
the solubility of the gas at 
atmospheric pressure . Details 
in source . 

M-S 

SOURCE AND PURITY OF MATERIALS : 

1 .  Methane was o f  the highest 
purity available . 

2 .  Density of 0 . 8 0 0 3g cm- 3 and 
vapor pressure of 80  mmHg at 
29 8 . 1 5 K .  

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ; oS = ± 5 %  

REFERENCES : 

559 



560 Miscellaneous Hydrocarbon Systems 

COMPONENTS : 

1 .  Methane ; CH ; [ 7 4-82- B ]  

2 .  Hydrocarbon Blend (Gas Oil ) 

ORIGINAL MEASUREMENTS : 

Frolich, P . K . ; Tauch , E . J . ; 
Hogan , J . J . ; Peer , A . A .  

Ind .  Eng . Chern . 19 3 1 ,  2 3 ,  5 4 8 - 5 5 0 . 

VARIABLES :  

Pressure 

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 

P/atrn 

10 
20  
30  
40  
50  
60  
70  
80  
90  

1 0 0  
110 
120 
130 
1 4 0  

PRE PARED BY : 

C . L .  Young 

* P/MPa Solubility , s 

1 . 0  4 
2 . 0  8 
3 . 0  12  
4 . 1  16 
5 . 1  20  
6 . 1 24  
7 . 1  29  
8 . 1  34  
9 . 1  39  

10 . 1  4 4  
11 . 1  4 9  
12 . 2  54  
13 . 2  59  
14 . 2  64  

* Volume of  gas measured at 101 . 32 5  kPa pressure and 2 9 8 . 1 5 K 
dissolved by unit volume of l iquid measured under the same 
conditions .  

AUXI LIARY INFOR}�TION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Static equil ibrium cel l .  Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method. Allowance was made for the 
vapor pressure of the liquid and 
the solubility of the gas at 
atmospheric pressure . Detai ls 

1 .  Methane was o f  the highest 
purity available . 

2 .  Density of 0 . 8319  g cm- 3 and 
vapor pressure of  2 mmHg at 
29 8 . 15 K .  

in source . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oS = ± 5% 

REFERENCES : 



Miscel laneous Hydrocarbon Systems 

COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4-82-8 ]  

2 .  Coal Liquids - Distillate from 
Exxon Donor Solvent Process 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lin , H . -M . ; Sebastian , H .  M . ; 

Simnick , J .  J . ; Chao , K . -c .  

Ind. Eng .  Chern . Proae s s .  De s .  Dev .  
1 9 8 1 ,  2 0 ,  253-2 5 6 . 

PREPARED BY : 

c .  L .  Young 

561 

T/K P/atm P/MPa 

Mole fraction 
of methane 
in liquid , Solubility# , s 

XCH 

Sample 1 

188 . 9  
18 9 . 0  
1 8 8 . 5  
1 8 9 . 0  
1 88 . 7  
2 6 8 . 1  
2 6 8 . 0  
2 6 8 . 0  
2 6 8 . 1  
2 6 7 . 9  

4 9 . 6  
9 9 . 5  

149 . 2  
1 9 8 . 3  
2 4 5 . 9  

4 8 . 9  
9 9 . 5  

1 4 6 . 7  
1 9 6 . 9  
2 4 3 . 9  

5 . 0 3 
10 . 0 8 
15 . 12 
2 0 . 0 9 
2 4 . 92 

4 . 9 5 
10 . 0 8 
14 . 8 6 
1 9 . 9 5 
2 4 . 7 1 

0 . 0 9 2 6  
0 . 1 8 2 8  
0 . 2 6 4 6  
0 . 3375  
0 . 4 0 4 9  
0 . 1001  
0 . 2010  
0 . 2 8 6 7  
0 . 3617  
0 . 4 4 3 8  

106 . 0 6  
2 3 2 . 5 0 
373 . 9 6 
5 2 9 . 6 2 
7 0 7 . 3 0 
115 . 6 3 
261 . 52 
4 17 . 87 
5 8 9 . 0 8 
82 9 . 41 

SamEle 2 

18 9 . 1  5 0 . 1  
1 8 9 . 0  1 0 0 . 1  
1 8 9 . 2  150 . 4  
1 8 9 . 1  1 98 . 3  
18 9 . 3 2 51 . 7  
2 71 . 0  4 9 . 1  
2 70 . 9  9 9 . 5  
27 1 . 0 1 4 9 . 3  
2 71 . 0  1 99 . 3  

5 . 08 
10 . 14 
15 . 2 4 
2 0 . 09 
2 5 . 5 0 

4 . 9 8 
10 . 08 
15 . 13 
2 0 . 19 

0 . 0958  
0 . 1708  
0 . 23 3 3  
0 . 2 9 3 2  
0 . 3 5 4 2  
0 . 0 8 8 2  
0 . 1718  
0 . 24 8 4  
0 . 3178  

9 3 . 1 9 0  
181 . 31 
2 6 7 . 7 8 
36 5 . 04 
4 8 2 . 6 8 

8 5 . 12 
1 8 2 . 61 
2 9 0 . 8 0 
4 0 9 . 9 9 

ill o � X g of methane/g of methane-free oil . ( cont . )  

AUXILIARY 

METHOD/APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 
gaseous components continually pas
sing into a mixing tube and then into 
a cell in which phases separated 

under gravity . Liquid sample re-

moved from bottom of cel l .  Volume 

of vapor kept extremely small so 

that liquid composition did not 
change significantly . Composition 
of liquid sample found by stripping 
out gas . Details in source and 
ref .  ( 1 ) . 

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

1 .  Math�son sample , purity better 
than 9 9  mole per cent . 

2 .  See experimental values . 

ESTIMATED ERROR: 
oT/K = ± 0 . 05 ;  o P/MPa = ± 0 . 1 % or 

0 . 0 3 (whichever is greater ) ; 

o s  = ± 2 % . 
REFERENCES : 
1 .  Simnick , J .  J . ; Lawson , C .  C . ; 

Lin , H . -M . ; Chao , K . -C .  
Am . Ins t .  Chern. Eng . J .  

19 7 7 ,  2 3 ,  4 6 9 .  



562 Miscellaneous Hydrocarbon Systems 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8 ] 

2 .  Coal Liquids - Distillate from 
Exxon Donor Solvent Process 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Lin , H . -H. ; Sebastian , H .  M. ; 
Simnick . J .  J . ; Chao , K . -c .  
Ind. Eng . Chern . Proae s s . De s .  De v .  

198 1 ,  2 0 , 2 5 3-256 . 

Details of samples 

Fraction boiling range 
Elemental analyses , wt-%  

c 
H 
N 
0 
s 
sp gr at 6 0  °F  

GC  distillation 
wt- % distilled at °F 

1 
5 

10 
20 
30 
4 0  
5 0  
60  
7 0  
8 0  
9 0  
9 5  
9 9  

1 0 0  
compound type analyses 
(wt-% by MS ) 

total saturates 
paraffins 
total aromatics 

approximate molecular weight 
Saybolt viscosity at 100 ° F  s 
Saybolt viscosity at 2 1 0  ° F  s 

Sample 1 
4 0 0-450  °F  

8 9 . 09 
9 . 65 
0 . 0 6 
0 . 6 5 
0 . 0 5 
0 . 9 3 2 0  

356 . 7  
3 76 . 0  
3 8 8 . 2  
39 5 . 2  
3 9 9 . 8  
4 04 . 2  
4 0 9 . 5  
416 . 8  
4 2 6 . 7  
4 36 . 5  
4 4 6 . 8  
4 5 3 . 1  
4 6 7 . 8  
4 9 4 . 7  

2 8 . 2 2 
1 .  8 8  

71 . 78 
154 . 34 

2 7 . 5  
12 . 6  

SamJ;>le 2 
5 QQ-6 QQOp  

8 9 . 5 7 
10 . 3 5  

0 . 1 3 
0 . 5 7 
0 . 1 9 
0 . 9 8 4 4  

46 5 . 6  
4 8 5 . 5  
497 . 6  
513 . 0  
52 3 . 3  
53 4 . 6  
5 4 5 . 6  
55 3 . 0  
5 6 3 . 3  
5 7 9 . 8  
5 9 5 . 7  
6 0 7 . 4  
6 32 . 3  
66 6 . 6  

2 6 . 9 1 
3 . 2 0 

7 3 . 0 9 
182 . 3 0 
55 6 . 9  

9 . 6  



Miscel laneous Hydrocarbon Systems 

COMPONENTS : 

1 .  Methane ; CH� ; [ 74-82-8 ] 

2 .  Coal Liquid - Distillate from 
Solvent Refined Coal Process I I  

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

T/K P/atm P/MPa 

ORIGINAL MEASUREMENTS : 

Lin , H . -M. ; Sebastian , H .  M . ; 

Simnick , J .  J . ; Chao , K . -c .  
Ind . Eng . Chern . P�oae s s . Des .  Dev . 
1 9 8 1 ,  2 0 , 2 5 3-2 5 6 .  

PREPARED BY : 

C .  L .  Young 

Mole fraction 
of methane 
in liquid , Solubility

#
, S 

XCH � 

SamEle 1 

2 6 9 . 7  5 0 . 1  
2 6 9 . 7  51 . 0  
2 6 9 . 7  1 0 0 . 7  
2 6 9 . 9  147 . 6  
2 6 9 . 8  2 4 7 . 3  

5 . 08 
5 . 17 

10 . 2 0 
14 . 9 6 
2 5 . 0 6 

0 . 0 9 3 3  
0 . 0 9 4 9  
0 . 2 0 5 0  
0 . 2 9 3 3  
0 . 3 9 7 4  

90 . 6 7 3  
92 . 3 8 0  

22 7 . 2 6 
3 6 5 . 8 9 
581 . 3 7 

SamEle 2 

2 7 0 . 3  51 . 2  
2 7 0 . 4  9 9 . 6  
2 7 0 . 1  1 5 0 . 7  
2 7 0 . 7  2 3 9 . 8  

5 . 1 9 
10 . 09 
1 5 . 2 7  
2 4 . 3 0 

0 . 0 8 8 4  
0 . 1672  
0 . 2418  
0 . 3 6 6 8  

7 3 . 4 0 2  
151 . 9 3 
241 . 2 9 
4 3 8 . 35 

# 
10 � x g of methane/g of methane-free oil . 

( cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 
gaseous components continually pas
sing into a mixing tube and then into 
a cell in which phases separated 
under gravity . Liquid sample re
moved from bottom of cell . Volume 

of vapor kept extremely small so 
that liquid composition did not 
change significantly . Composition 
of liquid sample found by stripping 
out gas . Details in source and 

ref .  ( 1 )  . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity better 

than 9 9  mole per cent . 

2 .  See experimental values . 

ESTIMATED ERROR: 

oT/K = ± 0 . 05 ;  oP/MPa = ± 0 . 1% or 
0 . 0 3 (whichever is greater) ; 
�.c: - + ? !�<  

REFERENCES : 

1 .  S imnick , J .  J . ; Lawson , C .  C . ;  
Lin , H . -M. ; Chao , K . -C .  

Am . Ins t .  Chern . Eng . J .  

19 7 7 ,  2 3 ,  4 6 9 . 
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564 Miscel laneous Hydrocarbon Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH4 :  [ 7 4-82-8 ] 

2 .  Coal Liquid - Distillate from 
Solvent Refined Coal Process I I  

EXPERIMENTAL VALUES :  

Boiling range/ °F 
specific gravity , 

60/6 0 ° F 
molecular weight , 

ASTM D 2 5 0 3  
viscosity , SUS , 

eSt at 1 0 0  ° F  
2 1 0  ° F  
2 5 0  ° F  

distillation , 
ASTM D 8 6  
over point , ° F  
end point , ° F  
5 %  cond . at ° F  
1 0  
2 0  
30  
40  
50  
60  
70  
80  
9 0  
95  
recovery , % 
residue , % 
loss ,  % 

Details 

Lin , H . -M . : Sebastian , H .  M . : 
S imnick , J .  J . : Chao , K . -c .  

Ind.  Eng . Chern . Proae s s .  De s .  Dev .  

1 98 1 ,  2 0 ,  2 5 3-2 5 6 . 

of samples 

Sample 1 Sample 2 

5 0 0 - 5 2 8  6 0 0 - 6 3 2  
0 . 9 8 2 6  1 .  0 3 0 6  

1 8 2  2 1 2  

4 1 . 8  ( 4 . 8 2 )  74 . 3  ( 1 4 . 2 0 )  
- ( 1 .  2 7 )  33 . 5  ( 2 . 1 9 )  
- ( 0 . 9 6 )  - ( 1 . 53 )  

4 3 6  5 6 6  
5 8 0  6 7 2  
4 5 2  5 7 6  
4 5 6  5 7 8  
4 6 2  5 8 0  
4 7 0  5 8 6  
4 7 6  5 9 2  
4 8 4  5 9 8  
4 9 2  6 0 6  
5 0 2  6 1 2  
516  622  
5 3 6  6 3 8  
5 5 8  6 6 0  

9 8 . 0  9 8 . 0  
1 . 0  1 . 0  
1 . 0  1 . 0  



Miscel laneous Hydrocarbon Systems 

COMPONENTS :  

1.  Methane ; CH 4 ;  [ 74-82-8 ] 

2 .  Creosote oil 

VARIABLES : 

EXPERIMENTAL VALUES : 

t;o c  

3 0  

1 0 0  

2 0 0  

300  

400  

T/K 

3 0 3  

3 7 3  

4 7 3  

5 7 3  

6 7 3  

P/MPa 

5 . 6  
8 . 8  
6 . 6  
7 . 0  

13 . 7  
14 . 0  
2 0 . 4  
2 0 . 8  

7 . 5  
8 . 0  

15 . 2  
15 . 3  
2 0 . 9  
21 . 6  

8 . 6  
9 . 3  

13 . 3  
13 . 7  
2 0 . 8  
2 2 . 0  

7 . 5  
7 . 8  

14 . 2  
14 . 6  
21 . 3  
22 . 1  

ORIGINAL MEASUREMENTS: 

Henson , B . J . ; Tarrer , A .  R . ; 
Curtis ,  C .  W . ; Guln , J .  A.  
Ind . Eng . Chern . Proaess  Des .  Dev . 

1982 , 2 1 ,  5 7 5- 5 7 9 . 

PREPARED BY : 

C .  L .  Young 

Solubility , S 
g CH4/g creosote oil 

0 . 0 0 6 2  
0 . 0 0 9 9  
0 . 0 0 6 5  
0 . 0 0 6 3  
0 . 0129  
0 .  0135  
0 . 0191 
0 . 0192  
0 . 0 0 8 8  
0 . 0091  
0 . 0167  
0 .  0177  
0 . 0233  
0 . 02 3 5  
0 .  0110 
0 . 0120  
0 . 0171 
0 .  0171 
0 . 0 2 6 4  
0 . 02 6 8  
0 . 0101 
o. 0110 
0 . 0 2 0 4  
0 . 0 2 0 4  
0 . 0303  
0 . 0 3 0 5  

AUXILIARY INFORHATION 

METHOD /APPARATUS/PROCEDURE : 

One gallon static equilibrium cell 

fitted with magnetic agigator . 
Samples taken from small volume 
sample loops through which equi
librium liquid was circulated . 
Gas in liquid sample as estimated 
by volumetric technique using a 

Toffe l  pump . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9  

mole per cent . 

2 .  Produced from Kentucky No . 9 

coal . Elemental analysis % 
C 9 1 . 5  ± 0 . 7 ;  H 6 . 4  ± 0 . 0 5 ;  
N 1 . 0 5 ± 0 . 31 ;  S 0 . 53 ± 0 . 02 .  

ESTIMATED ERROR: 

o T/K = ± 1 ;  oS = ± 4 %  

(estimated by compiler ) .  

REFERENCES : 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ] 

2 .  SRC recycle solvent 

VARIABLES : 

EXPERIMENTAL VALUES : 
t/ °C T/K 

1 0 0  373  

2 0 0  4 7 3  

300  573  

400  6 7 3  

P/MPa 

5 . 4  
5 . 6  

1 1 . 4 
12 . 0  
16 . 2  
16 . 2  
18 . 8  
19 . 4  

6 . 6  
6 . 7  

13 . 3  
13 . 7  
19 . 4  
19 . 9  
2 0 . 4  

6 . 0  
6 . 7  

14 . 0  
14 . 5  
2 0 . 0  
20 . 3  

6 . 7  
7 . 2  

14 . 2  
14 . 6  
19 . 7  
2 0 . 5  

ORIGINAL MEASUREMENTS : 

Henson , B .  J . ; Tarrer , A .  R . ; 
Curtis., c .  w. ; Guln , J .  A .  
Ind .  Eng . Chern . Proaess  De s .  De v .  

1982 , 2 1 , 575-57 9 .  

P REPARED BY : 

C .  L .  Young 

Solubility , s 
g CH 4/g recycle oil 

0 .  0 0 7 7  
0 . 0 0 7 9  
0 . 0164  
0 . 0 171 
0 . 0 2 2 7  
0 . 02 2 9  
0 . 0 2 6 4  
0 . 0 2 6 7  
0 . 0 0 9 5  
0 . 0101  
0 . 0194  
0 . 02 0 9  
0 . 0 2 8 2  
0 . 0 3 0 0  
0 . 0 3 0 8  
0 .  0114  
0 . 0104  
0 . 0 2 2 2  
0 . 0 2 3 3  
0 . 0 326 
0 . 03 2 9  
0 .  0112 
0 .  0119  
0 . 0 2 3 8  
0 . 0 2 4 7  
0 . 0 3 3 5  
0 . 0 3 4 9  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

One gallon static equilibrium cell 
fitted with magnetic agigator . 
Samples taken from small volume 
sample loops through which equi
librium liquid was circulated . 
Gas in liquid sample as estimated 
by volumetric technique using a 
Toffel pump . 

SOURCE AND PURITY OF MATERI ALS ; 

1 .  Matheson sample , purity 9 9  
mole per cent . 

2 .  Produced from Kentucky No . 9 
coal . Elemental analysys % 
c 8 8 . 2  ± 0 . 2 ;  H 8 . 57 ± 
N 0 . 4 9  ± 0 . 15 ;  s 0 . 3 3 ± 

ESTIMATED ERROR: 

o T/K = ± 1 ;  oS = ±4%  
(estimated by compiler ) .  

REFERENCES : 

0 . 12 ;  
0 . 0 3 .  
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COMPONENTS : ORIGINAL HEASUREMENTS : 

1 .  Methan e ;  CH� ;  [ 74 - 8 2 - 8 ] Grove , N .  H . ; Whitley , F .  J . ; 

2 .  Santowax R Woolmer , R .  N .  

J . App Z . Chern. 1 9 6 0 , 1 0 ,  101-109 .  

VARIABLES : P REPARED BY : 

Temperature , pressure c .  L .  Young 

EXPERIMENTAL VALUES : 

T/K P/10 5Pa Solubility* Ostwald coefficient , L 

5 1 0  1 .  5 9  1 0 . 7  0 . 2 6 9  
5 1 0  2 . 3 3 1 3 . 0  0 . 2 2 2  
5 1 4  3 . 6 8  2 4 . 3  0 . 2 6 5  
5 9 5  4 . 2 9 30 . 0  0 . 3 02  
6 0 4  1 .  9 2  14 . 7  0 . 3 3 3  
6 0 8  2 . 7 3 2 0 . 0  0 . 31 9  
6 80 3 . 13 2 3 . 0  0 . 332  
6 8 0  4 . 8 9 39 . 3  0 . 36 3  
6 8 4  2 . 1 7 1 8 . 3  0 . 3 82 

* 
moles of methane per Mg of Santowax R 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static cell with null pressure 
transducer . Pressure measured 
with Bourdon gauge . Temperature 
measured with thermocouple .  Sample 
placed in cell and gas added at room 

temperature . Pressures on both 
sides of transducer kept approxi
mately equal . Detail s  in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  No details given . 
2 .  Analysis by infra-red method 

showed sample to be 11 . 8 % 
o-terphenyl , 5 6 . 3% m-terpheny l ,  
2 9 . 3 %  p-terphenyl , 2 . 6 % diphenyl 
and higher polyphenyls . 
Obtained from Monsanto Chemicals 
Ltd . 

ESTIMATED ERROR: 

o T/K = ± 1 ;  o P/10 5Pa = ± 0 . 01 ;  

oLCH� = ± 1 0 % . 

REFERENCES : 



568 Miscel laneous Hydrocarbon Systems 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  Petroleum 

Gniewos z ,  S . ; Walfis z ,  A .  

Z .  Phy s .  Chern .  1 8 8 7, 1 ,  70 - 72 . 

VARIABLES : PREPARED BY : 

T/K = 2 8 3 . 15 ,  2 93 . 15 
p/kPa = 101 ( "atmospheric " )  

EXPERIMENTAL VALUES : 

Temperature Bunsen 

M .  E .  Derrick 
H .  L .  Clever 

Ostwald 
Coefficient Coefficient 

t/ ° C T/K a/cm 3 ( STP) cm- 3 atm- 1  L/cm 3 cm- 3 
--

10 2 8 3 . 15 0 . 14 3  
0 . 14 2  
0 . 14 6  
0 . 14 4  Av . 0 . 149  

20  2 9 3 . 15 0 . 129 
0 . 13 4  
0 . 13 1  
0 . 13 1  Av . 0 . 14 1  

The Ostwald coefficients were calculated b y  the 
compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The apparatus consisted of an absorp
tion flask connected to a gas buret 
by a flexible lead capillary . The 
system was thermostated in a large 
water bath . 

The volume of gas absorbed in a known 
volume of degassed petroleum was 
measured directly using the gas 
buret.  

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . No information . 

( 2 )  Petroleum. Russian petroleum . 
Cleaned by boiling in a large 
copper flask . 

ESTIMATED ERROR: 

o a/a = ± 0 . 05 ( compiler ) 

REFERENCES : 



Miscel laneous Hydrocarbon Systems 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2-8 ] 

( 2 )  Mineral oil 

VARIABLES : 
T/K = 2 9 8 . 15 ,  3 5 3 . 15 

p 1 /kPa = 101 . 3  ( 7 6 0  mmHg ) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Rodman , c .  J . ; Maude , A .  H .  

Trans .  Am . EZeatroahem .  Soa .  1 9 2 5 , 
4 7 ,  71 - 92 . 

PREPARED BY : 

H .  L .  Clever 

Temperature 
tf O C T/K 

Bunsen 
Coefficient 

a/cm3 ( STP ) cm- 3 atm-l 

Ostwald 
Coefficient 

L/cm3 cm- 3 

Solubil ity 
g kg- 1 

2 5  
8 0  

2 9 8 . 1 5 
3 5 3 . 15 

0 . 3 8 1  
0 . 16 4  

0 . 4 16  
0 . 2 1 2  

0 . 317 
0 . 147  

These values appear in the International Critical Tables , 
McGraw-Hill Book Co . ,  New York and London , Vol .  I I I , 
pp . 2 6 1  - 2 7 0  where they are credited to an industrial 
report edited by A .  H .  Maude . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus consists of an 1 8 0  cm3 
absorption bottle connected to a 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . No informatio n .  

569 

1 0 0  cm3 gas buret . The absorption 
bottle sets in a thermostat , which 
is attached to a shaking machine . 

( 2 )  Mineral oil . A Pennsylvania base 
oil , 9 6  per cent saturated hydro
carbons , and distilling between 
3 0 0  and 4 0 0 ° C .  Density at 

A weighed sample of oil is intro
duced into the absorption vessel . 
The sample is degassed by vacuum 
taking care to avoid excessive 
foaming . The gas is brought into 
the system . An initial buret 
reading taken , and the shaker is 
started and reading taken every 
5 minutes until 2 or 3 constant 
readings are obtained . 

2 5 ° C  = 0 . 84 0  and at 8 0 ° C  = 0 . 8 0 0  
g cm- 3 • As a commercial product 
the oil is known as "Wemco A" . 

ESTIMATED ERROR: 

REFERENCES :  



570 Miscel laneous Hydrocarbon Systems 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ] 

( 2 )  Paraffin Wax 

VARIABLES : 
T/K = 3 4 5 . 35 

p 1/kPa = 2 9 . 00 - 1 03 . 4 8 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Ridenour , W .  P . ;  Weatherford , W .  D . ; 
Capell , R .  G .  

Ind.  Eng . Chem. 1 9 5 4 .  4 6 .  2 3 7 6 - 8 1 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Methane Mol Fraction Bunsena Solubility 
Pressure Coefficient Coefficient 

t/ °C T/K p l /mmHg 1 0 3.:r 1 a/ /cm 3 (STP )  g- 1 
--

7 2 . 2  3 4 5 . 35 2 17 . 5 1 . 77 0 . 3 0 5  0 . 11 3  
3 3 9 . 5  2 . 7 2 0 . 3 0 1  0 . 174  
4 7 9 . 3  3 . 8 8 0 . 3 0 3  0 . 24 8  
6 16 . 5  5 . 00 0 . 3 0 3  0 . 32 0  
77 6 . 2  6 . 3 2 0 . 3 04 0 . 4 0 4  

a Bunsen coefficient , a/cm 3 ( STP ) cm- 3 tm- 1 a • 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus was similar to the 
equilibrium adsorption apparatus 
described by Brunaur,  Emmett , and 
Teller ( ref 1) for the measurement of 
the surface area o f  a solid catalyst .  

A weighed amount o f  wax was placed 
in the apparatus . The gas and solvent 
were equilibrated for 2 0  to 6 0  min
utes . The gas volume absorbed from 
the buret system was calculated by 
the ideal gas law .  

The results o f  the absorption 
measurement were checked by a desorp
tion measurement . The results of the 
two measurments agreed wel l .  

SOURCE AND PURITY O F  MATERIALS : 
( 1 )  Methane . Ohio Chemical Co . 9 7 . 8  % 

methane , 2 . 2  % heavier hydro
carbons .  

( 2 )  Paraffin wax . Described a s  1 2 2  °F 
English melting wax . Molecular 
weight 3 5 0 , actual melting point 
1 23 . 2  °F ( 3 23 . 8  K) , density 
0 . 7 7 1 6  g cm- 3 at 2 93 . 3  K and 
0 . 7 6 6 2  g cm- 3 at 2 9 8 . 0  K .  

ESTIMATED ERROR: 
o T/K = ± 2 

op/mmH� = ± 0 . 2  
c a./em = ± 0 . 0 0 4  ( low pressure) 

to 0 . 00 1  ( high press . )  
REFERENCES : 

1 .  Brunaur , s . ; Emmett, P .  H . ; 
Teller , E .  

J .  Am.  Chem. Soa .  1 9 3 8 .  60.  3 0 9 . 



COMPONENTS : 
( 1 )  Methane ; 

( 2 )  Gasol ine 

VARIABLES : 
T/K = 

p 1 /MPa = 

Miscel laneous Hydrocarbon Systems 

CH4 ; [ 7 4 - 8 2- 8 ]  

3 0 3 . 15 
0 . 99 0 , 1 . 98 2  
( 9 . 77 ,  19 . 5 6 atm) 

ORIGINAL MEASUREMENTS : 
Pomeroy , R .  D . ; Lacey , 
Scudder , N .  F • ; S tapp , 

Ind. Eng . Chern . 1 9 3 3 , 

PREPARED BY : 

H .  L .  Clever 

571 

w .  N • ; 
F .  P .  

2 5 , 1014-1019 . 

EXPERIMENTAL VALUES :
-----------------------------------------------

Temperature Pressure 

t/ ° C  T/K p 1 /atm p 1 /MPa 

Solubility1 

c /cm3 cm- 3 
s ----

3 0  3 0 3 . 15 9 . 77 0 . 9 9 0  6 . 0 0 
11 . 77 1 9 . 5 6 1 . 98 2  

1 Gas volumes measured a t  3 0 3 . 15 K ( 3 0 °C)  and 
101 . 3 25  kPa ( 1  atm) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
Measurements were carried out in a 
brass absorption cell designed for 
diffusion measurements . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Gas obtained from a 

natural gas sample which was 
treated with activated carbon 
at pressures up to 7 0  atm . The 
methane contained up to 2 per 
cent ethane and a small amount 
of nitrogen . 

( 2 )  Gasoline . Sample after treat
ment consisted largely o f  
naphthalenes . B . p . ( 3 8  mmHg) 
t/ ° C  = 7 9 . 4  - 8 8 . 5 ,  density 
p 3 0/g cm- 3 = 0 . 7 8 9 4 . 

ESTIMATED ERROR : 

o T/K = ±  0 . 05 
o C /C = ± 0 .  0 5  ( compiler) 

8 8 



572 Miscel la neous Hydrocarbon Systems 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  Petroleum 

Mineralized water 

EXPERIMENTAL VALUES : 

Petroleum Sample 

Location Specific Gravity 
d 2 0 ----- 4 -------

Koschagyl , 0 . 917  
Emba oilfield 

Buguruslan , 
Volga-Ural 
oilfield 

Koschagyl , 
Emba oilfield 

Kulsary , 
Emba oilfield 

Kulsary , 
Emba oilfield 

Kulsary, 
Emba oilfield 

Grozny 
Grozny oilfield 

Kulsary , 
Emba oilfield 

Kulsary , 
Emba oilfield 

Kerosene 

Gasoline 

0 . 913 

0 . 9 0 6  

0 . 8 8 6  

0 . 8 8 7  

0 . 8 6 2  

0 . 8 3 5  

0 . 8 1 3  

0 . 7 8 2  

0 . 819 

0 . 74 6  

ORIGINAL MEASUREMENT : 

Treshchina , N .  I .  

Trudy Vs es . Ne ft .  Na uah . -I s s Zed.  
Ge o Z . -Razvedoah 1 9 5 5 ,  No . 8 3 , 
566- 7 1 .  --

Chem . Abstr.  1 9 5 8 ,  5 2 ,  677lc . 

Temperature Solubility Coefficienta 

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

2 0  
4 0  
6 0  

T/K 
-----

2 9 3  
3 1 3  
3 3 3  

2 9 3  
3 1 3  
333  

293  
3 1 3  
3 3 3  

2 9 3  
313 
333 

2 9 3  
313 
3 3 3  

2 9 3  
3 1 3  
333  

293  
313  
333  

2 9 3  
313  
333  

2 9 3  
313  
333  

2 9 3  
3 1 3  
3 3 3  

2 9 3  
313 
333  

0 . 3 2 0  
0 . 3 0 0  
0 . 2 9 2  

0 . 3 3 4  
0 . 3 1 5  
0 . 3 0 8  

0 . 3 45  
0 . 3 0 0  
0 . 2 9 6  

0 . 3 5 8  
0 . 3 2 5  
0 . 314  

0 . 3 5 8  
0 . 3 2 4  
0 . 3 10 

0 . 4 0 5  
0 . 3 5 0  
0 . 316  

0 . 4 58 
0 . 4 07 
0 . 3 2 8  

0 . 5 0 2  
0 . 4 6 3  
0 . 4 2 8 

0 . 5 6 6  
0 . 5 0 7  
0 . 4 7 8  

0 . 5 0 5  
0 . 4 3 6  
0 . 4 15  

0 . 7 4 5  
0 . 6 6 5  
0 . 5 9 9  

a solubility coefficient appears to be the Bunsen coefficient, 
a/cm 3 ( STP ) cm- 3 atm- 1 •  

The petroleum viscosities are 4 7 . 8 ,  - ,  38 . 0 ,  11 . 4 ,  1 1 . 4 ,  6 . 5 , - ,  3 . 1 ,  -
centistoke at 323  K as one comes down the table above . 

Some information on the petroleum compos itions are given in the paper. 

The solubility of methane (natural gas) in water and minerali zed water 
was given . See next page . 
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COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ] 

( 2 )  Petroleum 

Mineralized water 

VARIABLES : 

T/K = 2 9 3 , 313 , 333  
p 1 /kPa = 101 . 3  

EXPERIMENTAL VALUES : 

Temperature 

2 0  2 9 3  

4 0  313 

6 0  3 3 3  

ORIGINAL MEASU�MENTS : 

Treshchina , N .  I .  

Trudy Vs es . Ne ft .  Nauah . -I s s te d .  
Geo t . -Raz vedoah 1955 , No . 8 3 , 
5 6 6-7 1 .  

--

Chem . Abstr .  1958 ,  5 2 ,  677lc .  

P REPARED BY : 

H .  L .  Clever 

Water Mineralb Solubility 
Content Coefficienta 

m/g dm- 3 

0 
10 
15 
25 

0 
10 
15 
25 

0 
10 
15  
25  

0 . 0 3 3 1  
0 . 0315  
0 . 0305  
0 . 0 2 9 0  

0 . 0237  
0 . 0226  
0 . 0224  
0 . 0210  

0 . 02 0 0  
0 . 0190  
0 . 0187 
0 . 0180  

a Appears to b e  the Bunsen coefficient . 

b The solid in the minerali zed water does 
not appear to be identified . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A detailed diagram of the appara
tus is given in the paper . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . A natural gas from the 
western Ukraine , containing 9 9  
% methane and less than 1 % 
nitrogen . 

( 2 )  Petroleum , kerosene , and gasoline . 
Petroleum from wells in three 
oil fields . Specific gravity , 
viscosity , and some information 
on composition and various 
fractions was given . See data 
sheet.  

ESTIMATED ERROR: 

ca/a = ± 0 . 03 ( compiler) 

REFERENCES : 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; 74-82-8  

( 2 )  Petroleum , crude oils 

Safronova , T. P . ;  Zhuze , T. P .  

K him . i Te khno Z .  Top Zi va i Maa e Z  
1 9 5 8 �  3 (2) � 4 1-4 6 .  

Chern . Aba tr.  1958 �  52�  8 518d.  

VARIABLES : T/K = 293  - 373 PREPARED BY : 

p 1 /MPa = up to 34 . 5  H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature 

t/O C T/K 

Pressure Solubility Coefficient 

/cm 3 cm- 3 atm- 1 

1 .  Nebit-Da� (Akchagylian layer ) crude oil , Specific 
gravity , d� = 0 . 8 7 13 , kinematic viscosity = 8 . 7 0 
centistoke . 

100  373  50  
100  
200  
300  

0 . 23 8  
0 . 2 6 5  
0 . 2 7 3 8  
0 . 2 6 7 3  

2 .  Romashkino oilfield crude oil , Specific gravity , 
d� 0 = 0 . 8 5 30 , kinematic viscosity = 6 . 54 centistokes . 

100 373 50  
100  
200  
300  

0 . 322 
0 . 3 2 0  
0 . 332 
0 . 33 7  

3 .  Surakhany o i l  field crude oil , Specific gravity , 
d� 0 = 0 . 8 4 94 , kinematic viscos ity = 5 . 19 centistokes . 

100 373 

METHOD/APPARATUS/PROCEDURE : 

50 
100  
200  
300  

AUXILIARY INFORMATION 

0 . 266  
0 . 27 0  
0 . 28 1  
0 . 27 9  

SOURCE AND PURITY OF MATERIALS : 

A detailed diagram of the high 
pressure apparatus was given in the 
paper . 

( 1 ) Methane . Contained 5 . 1  % nitro
gen , 0 . 0 5 % carbon dioxide , and 
0 . 1 0 % carbon monoxide . 

Many of the data are presented in 
figures of Solubility/cm3 cm- 3 va . 
p 7 /atm. A summary of the graphical 
data follows : 

System Temperatures Maximum 
Pressure 

t/ 0 c p 1 /atm 

1 2 5 ,  5 0 ,  100 3 4 0  
2 2 0 ,  5 0 ,  100  300  
3 2 0 ,  5 0 ,  100  300  
4 50  300 

The fourth system is 4 .  Tuimazy oil 
field crude oil , Specific gravity , 
d� 0 = 0 . 8 5 1 0 ,  kinematic viscosity = 
4 . 4 6 centistokes . 

( 2 )  Petroleum crude oils . Four crude 
oils . Descriptions given above . 
Additional information on comp
osition in the paper . 

ESTIMATED ERROR� 

The compiler estimates the data 
have an uncertainty of 3 to 5 
percent . 

REFERENCES : 
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COMPONENTS : 

( 1 )  Methane;  CH4 ; [ 7 4 - 8 2 - 8 ] 

( 2 )  Kero sene A-1 

VARIABLES : 

T/K = 2 3 3 . 1 5  - 2 9 3 . 1 5  

EXPERIMENTAL VALUES : 

Temperature Methane 
Interval of Mol % Range 
Measurements 1 02 x1 /mol % 

T/K 
2 3 3 . 1 5-2 93 . 15 0 . 5  

ORIGINAL MEASURE�NTS : 

Hannaert ,  H . ; Haccuria , M . ; 
Mathieu , M .  P .  

Ind .  Chim . Be Zge 1 9 67 , 3 2 ,  
1 5 6-164 . 

PREPARED BY : 

KTIV/atm1 
at 

2 9 3 . 1 5  K 

187  

E .  L.  Boozer 
H .  L .  Clever 

Enthalpy of Constant 
Dis solution A 
bH/kcal mol- 1  

1 . 16 5  3 . 14 5 

1 log (KTIV/atm) = A - ( bH/cal mol- ) / ( 2 . 3R ( T/K) ) 

The author ' s  definitions are : 

K = y 1 !x1 = mole fraction gas in gas phase 
mole fraction gas in liquid phase , 

TI /atm = total pressure , 

v = coefficient of fugacity . 

The function, KTIV/atm , is equivalent to a Henry ' s  constant in the form 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
The authors describe three methods : 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Air Liquide . Purity 

99 . 95 _ per cent . 

( 2 )  Kerosene A-1 

575 

l . A .  [ Saturat . n °  1 ] . A measure o f  
the static pressure of satura
tion in an apparatus which gave 
a precision of 10 - 15 % .  Distillation 

range , ° C  
Density mol wt 

gcm-3 , 2 0 ° C  
l . B .  [ Saturat . n °  2 ] . A measure o f  

the static pressure o f  satura
tion in an apparatus which gave 
a precision of 2 - 5 % .  

A-1 1 5 0-2 8 0  

2 .  [Chroma to] • A Gas liquid ESTIMATED ERROR: 
chromatographic method estimated 
to have a precision of 2 - 5 % .  

3 .  [Anal . directe] . Direct analysis 

0 . 78 0 5  1 7 0  

o f  the gaseous and liquid phases . �����------------------------------------------� 
REFERENCES : 

Method l . B .  was used for this system . 
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COMPONENTS : 

( 1 )  Methan e ;  cH4 ; [ 7 4-82-8 ] 

( 2 )  Athabasca bitumen 

EXPERIMENTAL VALUES :  

Temperature Pressure Viscosity 

t / ° C  T/K p1 /MPa n /Pa s 

-- -- --

26 . 2  2 9 9 . 4  9 .  77 14 . 1  
26 . 4  299 . 6  8 . 25 16 . 0  
26 . 8  3 0 0 . 0  7 . 04 19 . 2  
27 . 5  30 0 . 7  5 . 7 9 21 . 2  
27 . 9  3 01 . 1  4 . 4 6  > 2 3 . 5  
27 . 5  3 0 0 . 7  3 . 32 > 2 3 . 5  
2 8 . 3  3 01 . 5  2 . 32 > 2 3 . 5  
2 8 . 2  30 1 . 4  1 .  5 9  > 2 3 . 5  

4 4 . 8  318 . 0  2 . 1 5 6 . 15 
4 4 . 9  318 . 1 4 . 2 8 3 .  72  
4 5 . 7  318 . 9  6 . 39 2 . 6 6 
4 4 . 6  317 . 8  8 . 1 8 2 . 05 
4 4 . 0  317 . 2  9 . 6 3 1 . 7 2 
4 3 . 4  316 . 6  5 . 09 3 . 4 1 
4 5 . 8  31 9 . 0  3 . 18 4 . 4 6 
4 5 . 7  318 . 9  1 .  0 8  6 . 4 2 

6 9 . 0  3 4 2 . 2  9 . 6 5 0 . 33 0  
6 7 . 9 34 1 . 1  8 . 6 0  0 . 4 0 0  
6 7 . 5  34 0 . 7  7 . 4 7 0 . 4 7 0  
6 7 . 0  3 4 0 . 2  6 . 29 0 . 515  
6 7 . 2  3 4 0 . 4  5 . 1 0 0 . 6 10 
6 7 . 6 3 4 0 . 8  3 . 64 o. 7 2 5  
6 7 . 2  3 4 0 . 4  2 . 4 5 0 . 8 3 0  
6 7 . 5  3 4 0 . 7 0 . 8 8 0 . 9 9 0  

9 9 . 8  3 7 3 . 0  9 . 44 0 . 086  
10 0 . 2 3 7 3 . 4  7 . 8 2 0 . 091 
100 . 2  3 7 3 . 4  5 . 7 9 0 . 106 
100 . 7  37 3 . 9 3 . 8 2 0 . 118 

9 9 . 6  372 . 8  2 . 34 0 . 1 3 9  
9 9 . 4  37 2 . 6  0 . 95 0 . 158  

The volume/volume solubility is cm 3 

ORIGINAL MEASUREMENTS : 

Svrcek , W . Y . ; Mehrotra , A . K .  

JCPT, J .  Can.  Pe t .  Teahno Z .  1982 , 
2 1 , 31-8 . 

Density Solubility 

p /g cm- 3 /cm3 cm- 3 wt % 

--

0 . 9 9 2  18 . 34 1 .  3 2 0  
1 .  0 0 9  14 . 96 1 . 058 
1.  002 14 . 1 0 1 .  0 0 4  
1 .  0 0 0  11 . 1 0 0 . 7 9 3  
1 . 011 9 . 1 8 0 . 6 4 8  
1 . 017 6 . 4 1 0 . 4 5 0  
1.  025  4 . 51 0 . 3 1 4  
1 . 016 3 . 2 9 0 . 2 31 

1 .  018 2 . 25 0 . 1 5 8  
0 . 9 98 6 . 7 9 0 . 4 8 6  
0 . 9 97 1 0 . 6 8  0 . 76 4  
1 .  014 13 . 64 0 . 961 
0 . 992  15 . 47 1 . 1 13 
0 . 994  8 . 8 1 0 . 6 3 2  
1 .  0 0 0  5 . 4 0 0 . 3 8 6  
1 .  0 0 2  1 . 53 0 . 1 0 9  

0 . 98 3  14 . 18 1 .  0 3 0  
0 . 981 12 . 74 0 . 928  
0 . 9 94 11 . 6 6 0 . 8 3 8  
0 . 99 0  9 . 96 o. 718 
0 . 995  7 . 8 8 0 . 5 6 5  
1 . 002  5 . 2 1 o. 371 
0 . 9 9 3  3 . 06 0 . 2 2 0  
1 .  010  1 .  2 5  0 . 0 8 8  

0 . 951 12 . 7 3 0 . 94 5  
0 . 957  10 . 9 9  0 . 8 2 0  
0 . 964  9 . 0 1 0 . 6 6 7  
0 . 9 6 5  4 . 28 0 . 317 
0 . 966  2 . 6 6 0 . 917 
0 . 976  0 . 9 8 o. 072  

( STP ) cm- 3 • 

The density and viscosity values are for the gas saturated bitumen at 
the temperature and pressure of the solubility measurement . 
is considered reliable to 0 . 0 0 3  g cm- 3 • 

The density 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 )  

( 2 )  Athabasca bitumen 

VARIABLES :  
T /K = 2 9 9 . 4  - 37 3 . 9  

p1 /MPa = 0 . 8 8 - 9 . 77 

EXPERIMENTAL VALUES : 

svrcek , l'l . Y . ; Hehrotra , A . K .  

JCPT, J .  Can .  Pe t .  Techno � .  1 9 8 2 , 
2 1 , 3 1 - 8 . 

P REPARED BY : 

H .  L .  Clever 

See preceding page.  

The solubility data are 
repeated in a second pub
lication (ref . 2 ) . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The design of the gas-solubility 
experiment is based on the principle 
that the gas that is dissolved in 
bitumen wil l  evolve when the pressure 
is released and the temperature is 
slightly increased .  The volume of 
the gas so released was measured at 
a selected temperature of 1 0 0  °C and 
atm pressure . The volumetric measure
ments were performed with a mercury
filled Ruska pump . The pressure was 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . No information . 

( 2 )  Athabasca bitumen . Obtained by 
toluene extraction of tar-sands 
of the Athabasca region ( ref 1 ) . 
Maltene distillables 

b , p ,  6 0 0< ° C  4 2 . 4 %  
b . p . 6 0 0 > ° C  36 . 9 % 
Asphaltenes 2 0 . 7 % 

Above values not s ignificantly 
changed by the experiment . 

monitored with a precision Heise gage . �--------------------------------------� 
The sample and expans ion chamber were 
contained in a temperature control led 
oven . It was assumed that the system 
was at equilibrium after the viscosi-
ty remained constant for at least 
four hours . 

ESTIMATED ERROR: 

REFERENCES : 
1 .  Vorndran , L . D . L . ; Serres , A. ; 

Donnelly , J . K . ; Hoore , R . G . ; 
Bennion , D . W .  
Can. J .  Chern . Eng . 1 9 8 0 , 5 8 , 5 8 0 .  

2 .  Mehrotra , A . K . ; Svrcek , W . Y .  
JCPT. J .  Can .  Pe t .  Techno � .  1 9 8 2 ,  
2 1 , 9 5 .  

--
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COHPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 74-82-8 ] Ramanuj am ,  S . ; Leipziger , S . ; 
Weil , S .  A .  

( 2 }  Simulated Light Aromatic Oil 
Ind. Eng.  Chern.  PPoaess  De s .  De v .  
1 9 8 5 ,  2 4 ,  107-1 1 .  

EXPERIMENTAL VALUES :  

T/K Total Pressure Equilibrium Liquid-Vapor Mole Fractions 

4 0 3 . 3  

4 5 0 . 0  

4 94 . 4  

5 5 0 . 0  

Ptlatm pt/MPa Methane Benzene 

19 . 5  
31 . 0  
5 1 . 0  
61 . 6  
6 9 . 5  
8 2 . 7  

106 . 5  

2 2 . 2  
3 3 . 1  
4 5 . 6  
5 3 . 7  
61 . 9  
8 2 . 0  
96 . 5  

2 3 . 5  
3 5 . 9  
4 0 . 1  
5 6 . 9  
64 . 5  
74 . 0  

100 . 1  

3 3 . 1  
4 0 . 1  
51 . 4  
7 3 . 8  
8 9 . 8  
9 7 . 6  

1 . 9 8 
3 . 14 
5 . 1 7 
6 . 2 4 
7 . 0 4 
8 . 3 8 

10 . 79 

2 . 2 5 
3 . 35 
4 . 62 
5 . 4 4 
6 . 2 7  
8 . 3 1 
9 . 7 8 

2 . 3 8 
3 . 6 4 
4 . 06 
5 .  7 7  
6 . 5 5 
7 . 5 0 

10 . 14 

3 . 3 5 
4 . 06 
5 . 21 
7 . 4 8  
9 . 10 
9 . 8 9 

xl Y l x2 Y 2  

0 . 0 3 5  0 . 8 7 3  0 . 4 10 0 . 0 92  0 . 210  0 . 0 24 
0 . 0 56 0 . 9 0 7  0 . 4 2 4  0 . 0 6 8  0 . 2 0 1  0 . 015  
0 . 0 8 6  0 . 9 3 5  0 . 4 3 1  0 . 0 4 9  0 . 19 3  0 . 011 
0 . 104 0 . 931  0 . 4 3 5  0 . 0 51  0 . 18 8  0 . 0 11 
0 . 118 0 . 95 0  0 . 4 2 6  0 . 0 38  0 . 18 7  0 . 0 09  
0 . 14 8  0 . 9 5 7  0 . 4 0 3  0 . 0 33 U . l8 3  0 . 0 0 7  
0 . 18 6  0 . 9 6 4  0 . 3 7 7  0 . 0 2 8  0 . 17 9  0 . 0 0 5  

0 . 031  0 . 70 2  0 . 4 0 9  0 . 2 0 9  0 . 212 0 . 0 5 8  
0 . 0 46  0 . 7 7 2  0 . 4 2 5  0 . 160 0 . 201  0 . 0 4 5  
0 . 07 0  0 . 81 7  0 . 4 2 6  0 . 131 0 . 19 5  0 . 0 3 3  
0 . 0 8 3  0 . 84 3  0 . 4 2 7  0 . 112 0 . 18 8  0 . 0 2 8  
0 . 101 0 . 8 7 2  0 . 4 1 9  0 . 0 91 0 . 18 9  0 . 0 2 2  
0 . 135  0 . 8 9 8  0 . 4 0 0  0 . 072 0 . 18 2  0 . 0 1 7  
0 . 160  0 . 9 0 5  0 . 38 9  0 . 0 6 7  0 . 17 9  0 . 016 

0 . 0 2 3  0 . 51 7  0 . 4 0 0  0 . 3 04 0 . 17 9  0 . 0 9 6  
0 . 0 42  0 . 59 3  0 . 4 11 0 . 2 5 8  0 . 18 7  0 . 0 8 2  
0 . 0 54 0 . 631  0 . 4 11 0 . 2 33 0 . 1 8 5  0 . 07 5  
0 . 0 8 2  0 . 70 6  0 . 4 0 3  0 . 1 95  0 . 18 3  0 . 05 4  
0 . 0 9 8  0 . 72 5  0 . 4 0 4  0 . 18 3  0 . 18 2  0 . 0 5 0  
0 . 115 0 . 74 9  0 . 3 8 9  0 . 162 0 . 177 0 . 0 4 4  
0 . 151 0 . 76 0  0 . 3 7 8  0 . 15 9  0 . 171  0 . 04 2  

0 . 038  0 . 36 8  0 . 311  0 . 3 36 0 . 15 9  0 . 1 2 5  
0 . 0 50 0 . 4 1 8  0 . 3 1 9  0 . 3 13 0 . 15 9  0 . 1 12 
0 . 0 7 4  0 . 4 7 5  0 . 33 0  0 . 2 74  0 . 16 6  0 . 10 3  
0 . 1 04 0 . 57 0  0 . 3 3 3  0 . 2 32 0 . 165  0 . 0 8 5  
0 . 134  0 . 5 8 7  0 . 3 3 7  0 . 22 3  0 . 16 6  0 . 08 1  
0 . 14 3  0 . 5 9 5  0 . 34 6  0 . 22 8  0 . 16 2  0 . 0 7 8  

Mole fraction in liquid x. 

Mole fraction in vapor y .  

0 . 119 0 . 0 03 
0 . 113  0 . 0 0 3  
0 . 10 4  0 . 0 0 2  
0 . 09 9  0 . 0018  
0 . 09 9  0 . 0 01  
0 . 09 5  0 . 0 01  
0 . 09 6  0 . 0 01 

0 . 12 8  0 . 0 0 9 6  
0 . 118  0 . 0 07 
0 . 112 0 . 0 0 7  
0 . 10 8  0 . 0 0 6  
0 . 10 5  0 . 0 0 5  
0 . 10 3  0 . 0 0 4  
0 . 101  0 . 0 04  

0 . 13 3  0 . 02 9  
0 . 119 0 . 0 22 
0 . 116 0 . 0 21  
0 . 109  0 . 0 15  
0 . 107 0 . 014  
0 . 106 0 . 017  
0 . 102 0 . 014  

0 . 13 8  0 . 0 6 5  
0 . 13 9  0 . 05 8  
0 . 13 0  0 . 0 52 
0 . 114 0 . 0 39  
0 . 10 8  0 . 0 41 
0 . 103  0 . 0 39  

The simulated light aromatic oil  has 16  components . Only the compositions 
with respect to benzene , toluene and decane are given above . The three 
liquids made up 0 . 9 01 mole fraction of the oil . The liquid-vapor composi
tion of all 16 components in given in the origianl paper . 

See the next page for the mass fraction and mole fraction composition of 
the oil . 
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COMPONENTS : 

{ 1 )  Methane � cH4 � [ 74 - 8 2 - 8 ]  

{ 2 )  S imulated Light Aromatic Oil 

VARIABLES : 
T/K = 4 0 3 . 0  - 5 5 0 . 0  

P t/MPa = 1 . 9 8 - 10 . 79 

SOURCE AND PURITY OF MATERIALS : 

ORIGINAL MEASURE�NTS : 

Ramanuj am ,  S . � Leipziger , S . ; 
Weil , S .  A .  

Ind.  Eng .  Chern. Proaess  Des . Dev .  
1 9 8 5 ,  2 4 ,  107-11.  

PREPARED BY : 

H .  L .  Clever 

{ 1 )  Methane . Matheson Gas Co . Stated to be � 9 . 9  percent purity . 

{ 2 )  Simulated Light Aromatic Oil . Composition : 

No . 

1 .  
2 .  
3 .  
4 .  

5 .  

6 .  

7 .  
8 .  
9 .  
10 . 
11 . 

12 . 
1 3 .  
14 . 
15 . 
1 6 . 

Component 

Benz ene 
Toluene or methylbenz ene 
Octane 

Formula 

p -Xylene or 1 , 4 -dimethyl 
benzene C9H1o 
o -Xylene or 1 , 2-dirnethyl 
benz ene C9H1o 
Mesitylene or 1 , 3 , 5-trimethyl 
benzene C9H12 
Decane C1oH2 2  
Naphthalene C1oH8 
1-Methylnaphthalene C11H10  
1 , 1 ' -Biphenyl c12H1o  
Acenaphthene or 1 , 2 -Dihydro
naphthylene C12H10 
Fluorene or 9-H-fluorene C13H1o  
1-Phenylnaphthalene C1 6H12  
Phenanthrene C14H10  
Fluoranthene Cl 6Hlo 
Chrysene C1 9H12 

Registry 
Number 

[ 71-43-2 ] 
[108-88-3 ] 
[ 111-65-9 ] 

[ 10 6 -42-3 ] 

[ 95-47-6 ] 

[ 1 0 8 -6 7-8 ] 
[ 1 2 4 -1 8-5 ] 
[ 91-2 0-3 ] 
[ 90-12-0]  
[ 92 - 5 2 -4 ] 

[ 8 3- 3 2 -9 ] 
[ 8 6-73-7 ]  
[ 6 05-02-7 ]  
[ 8 5-01- 8 ]  
[ 2 06-44 - 0 ]  
[ 218-32- 9 ]  

Mass Mole 
Fraction Fraction 

0 . 4 5 8  
0 . 18 3  
0 . 0037  

0 . 0 92  

0 . 0 2 7  

0 . 011 
0 . 13 1  
0 . 05 5  
0 . 01 4  
0 . 0 0 5 5  

0 . 00 4 6  
0 . 0046  
0 . 0055  
0 . 0 0 4 6  
0 . 0018  
0 . 0014 

0 . 54 8  
0 . 1 8 6  
0 . 00 3  

0 . 0 8 1  

0 . 02 4  

0 . 0 0 9  
0 . 08 6  
0 . 0 4 0  
0 . 00 9  
0 . 0 0 3 4  

0 . 0027  
0 . 0 0 2 6  
0 . 0025  
0 . 0 0 2 4  
0 . 0 0 0 8  
0 . 0 0 0 6  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus i s  a modification of 

that of Simnick et a Z .  { re f  1 ) . The 
details are given by Srinivasan {ref 
2 )  • 

The apparatus is a recirculation 
type equilbration system. The equil
ibration cell is a 3 0 0  cm 3 autoclave . 
The liquid was recycled by a metering 
pump . 

SOURCE AND PURITY OF MATERIALS : 

{ 2 )  Simulated oil { continued) 
Fisher Scientific Co . Benzene 

{ crystallizable , low thiophene) ,  
Toluene { 9 9  % )  , Octane { Reagent) , 
p -Xylene { certified ) , o-Xylene 
{ Reagent) , naphthalene { scintana
lyzed) , 1-methylnaphthalene {puri
fied ) , Biphenyl { Reagent) . 

Phillips Petroleum Co . Decane 
{ 9 9  % )  • 

Each phase was sampled in its Aldrich Chemical Co . Numbers 11 -
respective sampling loop . The samples ��1�6�o�n�l���· s�t��a�b�o�v�e�·----------------� 
were analyzed by GLC with a program- ESTIMATED ERROR: 
mable integrator . 

All chemicals were used as received 
No decomposition of the components , 
or reaction of the components was 
observed in the study . 

Values are the average of two deter 
minations . Agreement for the maj or 
components range from 1 to 5 % .  

oT/K = ± 0 . 5  
op 1!p 1 = ± o . oo25  

REFERENCES : 

1 .  Simnick , J .  J . � Lawson , c .  c .  
Lin , H . M .  � Chao , K .  C • 

A .  I .  Ch . E. J .  1 8 7 7 ,  2 3 ,  4 6 9 .  
2 .  Srinivasan , R .  ----

Ph . D .  Thesis , Department Gas 
Engineering , I IT ,  Chicago , IL 
1 9 8 1 .  
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COHPONENTS : ORIGINAL MEASUREMENTS : 

Fischer , F . 1 Zerbe , c .  ( 1 )  Methane 1 CH4 1 [ 74 - 8 2- 8 ]  

{ 2 )  Various pure solvents and 
petroleum products ( see 
table below)  

Brenn stoff- Chem . 1 9 2 3 ,  4 ,  17-9 . 

EXPERIMENTAL VALUES :  

Temperature Pressure 

Water 1 H20 1  [ 7 7 32 -18-5 ] 
2 0  2 9 3  1 8  

Benzene ; c6H6 ; [ 71-43-2 ] 

Solvent 

/g 

71 . 9  

2 3  2 9 6  17 . 5  10 . 8  

Benzene , technical ; c6H6 ; [ 7 1-4 3-2 ] 
2 3  2 9 6  17 . 5  11 . 5  

Dimethylbenzene ; c8 H10 ; [ 1 3 30-2 0-7 ] 
2 3  2 9 6  1 8  10 . 6  

Methanol ;  CH4o ;  [ 6 7-56-1]  
2 0  2 9 3  17  13 . 3  

Ethanol ; c2H6o ;  [ 64 -17-5 ] 
2 1  2 9 4  17 . 5  9 . 3  

Gas Volume 
Evolved 

/cm3 

112 

97 

9 4  

102  

104  

98  

Gas in 1 g of  
Solvent at 1 atm 

/cm3 

0 . 09 

0 . 51 

0 . 4 7 

0 . 5 3 

0 . 4 6 

0 . 60 

3-Methyl-1-butanol or isoamyl alcohol ; c5H12o ;  [ 1 2 3-51-3 ] 
2 0  2 9 3  17  11 . 3  8 4  0 . 4 4 

Methylphenol or tricresol ; c7H8o ;  [ 1 319-77-3 ] 
2 1  2 9 4  17  2 0 . 5  9 2  0 . 2 6 

1 , 1 ' -0xybisethane or diethylether 1 c4H10o ;  [ 6 0-2 9 -7 ] 
2 0  2 9 3  18  2 . 7  4 4  0 . 9 1 

2-Propanone or acetone ; c2H6o ;  [ 6 7-64-l]  
2 0  2 9 3  18  7 . 8  8 1  0 . 61 

Acetic acid;  C2H402 ; [ 6 4-19 - 7 ] 
2 0  2 9 3  1 8  8 . 7  71  0 . 4 5  

Trichloromethane ; or chloroform; CHCl3 ; [ 67-66-3 ] 
2 0  2 9 3  1 8  15 . 0  8 8  0 . 82 

Carbon disulfide ; cs2 ; [ 7 5-15-0 ] 
2 0  2 9 3  1 8  9 . 9  6 4  0 . 3 6 

Aniline ; c6H7N ;  [ 6 2-53-3]  
20  293  18  33 . 6  9 0  0 . 16 

Nitrobenzene ; c6H5N02 ; [ 9 8-95-3 ] 
2 0  2 9 3  1 8  3 2 . 0  8 8  0 . 16 

Petroleum 
2 0  2 9 3  1 4  1 2 . 0  9 4  0 . 5 6 
2 0  2 9 3  1 5  12 . 3  101  0 . 5 5 

Paraffin oil 
2 0  2 9 3  15  10 . 4  6 8  0 . 4 4 



Miscel laneous Hydrocarbon Systems 

COMPONENTS : ORIGINAL HEASURE�NTS : 

( 1 )  Methane ; cH4 ; [ 74-82-8 ] Fischer , F . ; Zerbe , c .  

(2 )  Various pure solvents and 
petroleum products ( see 
table below) 

Brenns toff- Chem.  1 9 2 3 ,  4 ,  17-9 . 

VARIABLES : 
T/K = 2 9 3 , 2 9 4 , 2 9 5  

p 1 /kPa = 1419  - 1 8 2 4  

PREPARED BY : 

Gas volumes and solubilities 101 . 3  kPa 

EXPERIMENTAL VALUES : 
Temperature Pressure Solvent 

w/g 

Gas Volume 
Evolved 
v/cm 3 

Petroleum ether , boiling point up to 6 5  ° C 
2 2  2 9 5  17 2 . 6  6 2  

Petroleum ether , boiling point 6 5  - 1 0 0  ° C 
2 0  2 9 3  18 5 . 9  89  

Petroleum ether , boiling point 1 0 0  - 150  ° c 
2 0  2 9 3  1 8  8 . 6  102  

H . L .  Clever 

Gas in 1 g of 
Solvent at 1 atm 

/cm3 

1 . 34 

0 . 84 

0 . 66 
Urteerkohlenwasserstoffe ( low temperature tar hydrocarbons )  

2 0  2 9 3  1 8  12 . 3  8 9  0 . 4 0 
Urteerphenole ( low temperature tar phenols ) , 2 5 0  - 3 0 0  ° C 

2 0  2 9 3  18 1 4 . 6  71 0 . 2 7 
Urteerfraktion ( low temperature tar fraction) , 2 5 0-3 0 0  ° C 

21  2 9 4  17 15 . 3  9 4  0 . 36 
Braunkohlentreibol ( lignite coal motor oil)  

2 1  294 1 8  13 . 1  92  
Braunkohlenkreosot (lignite coal creosote) 

21 2 9 4  17 2 4 . 8  9 4  
Steinkohlenkarbolol (coal tar oil )  

2 2  2 9 5  1 8  15 . 5  8 9  

AUXILIARY INFORMATION 

0 . 39 

0 . 22 

0 . 32 

METHOD/APPARATUS/PROCEDURE : I SOURCE AND PURITY OF MATERIALS : 

The gas was pumped into an evacuated ( 1 )  Methane . Gas sample contained 
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steel cylinder which contained the 79 . 4  % methane , 17 . 1  % nitrogen , 
degassed solvent . The cylinder was 2 . 8  % oxygen , and 0 . 7  % carbon 
shaken until a constant pressure dioxide .  
indicated equilibrium was attained . 
part o f  the saturated liquid was 
transferred into a buret where the 
dissolved gas was extracted at one 
atm pressure . The saturation pressure 
was taken as the mean of the cylinder 
pressure before and after samplin g .  
The change i n  pressure before and 
after sampling was two atm. See the 
earlier paper on oxygen solubility 
(ref 1 )  for more information . 

EVALUATORS ' S  COMMENT : These data are 
of marginal accuracy . They should be 
used only if more modern values are 
not available for a system . 

Gas volumes measured at atmospheric 
pressure and the temperature of the 
measurement .  

( 2 )  Solvents . Sources not given . 
Density and sometimes vapor 
pressure on pure compounds .  
Boiling points of the petroleum 
ethers . Data are in (ref 1 ) . 

ESTIMATED ERROR: 

10 - 2 5  per cent (compiler) . 

REFERENCES : 

1 .  Fischer , F . ; Pfleiderer , G .  
Z .  Anorg. Chern . 1 9 2 2 ,  1 2 4 ,  6 1 .  
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COMPONENTS : EVALUATOR: 

( 1 )  Methane ; CH4 ; [ 74-82- 8 ]  

( 2 )  Alkanols (alcohols ) 

CRITICAL EVALUATION : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

1985 , April 

THE SOLUBILITY OF METHANE IN ALKANOLS AT METHANE PARTIAL 
PRESSURES UP TO 0 . 2 0 0  MPa (aa . 2 ATM) . 

Nine papers report solub il ity data on methane + alkanol systems over 

the c1 to c1 2  range of alcohols . All of the workers have used volumetric 

methods .  Except for 1-propanol all of the measurements were made in the 

283- 3 1 8  K temperature interval at pressures near 100  kPa . Komarenko and 

Man zhelii (ref 6 )  measured the solubility of methane in 1-propanol over 

the 1 7 3- 2 4 3  K range at a methane partial pressure of 26 . 7  kPa ( 20 0  mmHg) . 

The results reported by Winkler ( ref 3 )  and Friedel and Gorgeu (ref 1 )  

are qualitative. The Winkler value is rej ected , but the value of Friedel 

and Gorgeu appears us eful . The work of McDaniel (ref 2 )  is poor . His re-

sults are 1 0  to 20 percent smaller than more modern results , and his temper-

ature coefficients of solubil ity are sometimes of much larger magnitude 

than the more recent measurements . 

Figure 1 shows the mole fraction solubility at 2 9 8 . 1 5 K and 0 . 1 0 1 3  MPa 

methane partial pressure in the normal alcohols . The line was drawn to 

fol low the results of Lannung and Gj aldbaek (ref 5 ) , Ben-Naim and Yaacobi 

(ref 7 ) , and Wilcock, Battino , Danforth and Wilhelm (ref 8 ) ; the three 

papers we j udge to contain the mo st rel iable data . The results reported 

by Makranczy , Rusz , and Balog-Megyery (ref 9 )  are larger than all other 

results and do not show the decrease in solubil ity as the alcohol becomes 

more polar that the other workers show . Although we do not have proof , we 

suspect the Makranc zy e t  a � .  results are too large . The results of Boyer 

and Bircher ( ref 4 )  show the effect of the increased polarity of the low 

molecular weight alcoho l s  on the solubility , but their results also appear 

to be too large in the high carbon number alcohol s .  Their temperature co

efficients of so lub ility show larger variations from alcohol to alcohol 

than do the results of other s .  

In evaluating ethane , propane , butane and 2-methylpropane solubil ity 

in alcohols Hayduk (ref 1 0 )  fitted the data to equations of the type 

ln x l = bl + b2 ln en 
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Figure 1 .  Methane + n-Alcohols . The methane mole fraction solubility 
at 2 9 8 . 15 K and 0 . 1 0 1  MPa vs .  alcohol carbon number .  

The equation ln x 1  = -7 . 0 3 8 8  + 0 . 54 0 4 6  ln en or 

x1 = ( 8 . 7 7 1 8  x 10- � ) cn
0 . 5 4 0 4 6  reproduces the line o f  the above 

graph within one percent from en = 1 to B .  As the carbon number 
increases above 8 the equation values are smaller than the line 

values . 

583 



584 Alkanols: Pressure u p  to 0.2 MPa 

at 2 9 8 . 15 K where x 1 is the mole fraction solubility and en is the alcohol 

carbon number . 

We have done the same for the methane solubil ity values of Lannung 

and Gjaldbaek , Ben-Naim and Yaacobi , and Wilcock e t  aZ . to obtain the 

equation 

ln x 1 = - 7 . 0 3 8 a  + 0 . 5 4 0 4 6  ln en with r = 0 . 9 9 a 7  

and for a l l  of the data o n  Figure 1 t o  obtain the equation 

ln x 1 = - 7 . 0155  + 0 . 5 5 6 7 3  ln en with r = 0 .  9 7 2 a  

The first equation reproduces the line o f  Figure 1 with a n  average 

deviation of one percent for e = 1 through a ,  but by e n n 1 2  the calculat-

ed value is 6 . 7  percent low . Thus , equations of  this type empirically 

reproduce the changing solubil ity with carbon number quite well up to car

bon number a ,  but are unreliable and give results that are progressively 

too small as the carbon number increases beyond en = 8 .  

The individual systems are discus sed below in more detail . 

Methane + Methano l ;  CH30H ; [ 67-56- 1 1 ]  

McDaniel (ref 2 ) , Boyer and Bircher (ref 4 ) , Lannung and Gjaldbaek 

(ref 5 ) , Ben-Naim and Yaacobi ( ref 7 )  and Makranczy , Rusz  and Balog-Megyery 

(ref 9 )  report values of the solubility of methane in methanol . At 29a . l 5 

K the results of Lannung and Gj aldbaek and of Ben-Naim and Yaacobi accord 

within one percent . Their enthalpies and entropies of solution from the 

temperature coeffic ient of solubil ity agree within 8 and 2 percent , respec-

tively. At 2 9 a . l 5 K the McDaniel value is 14  percent smaller , the Boyer 

and Bircher value 6 percent larger , and the Makranczy e t  a Z .  value 55 per

cent larger than the average of the Lannung and Gjaldbaek and the Ben-Naim 

and Yaacobi value s .  The temperature coefficient o f  solubility o f  McDaniel 

gives an enthalpy of solution that is four times the magnitude of the 

other results . 

The values of Lannung and Gj aldbaek and of  Ben-Naim and Yaacobi were 

weighted twice , and the single value of Boyer and Bircher wa s weight�d 

once in a linear regression to obtain the tentative equation for the mole 

fraction solubi lity of methane in methanol over the 2a 3 . 1 5 to 30a . l 5 K 

interval 

ln x 1 = - a . 5 2 4 5a + 4 . 4 0 0 0 � / (X/ 1 0 0 K )  

with a standard error about the regre ssion line of 1 . 35  x 1 0-5 • From the 

constants of the equation the temperature independent thermodynamic 
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changes for the transfer of one mole of methane from the gas at 0 . 1  MPa to 

the infinitely dilute solution are 

�H� / kJ mol- 1 = - 3 . 6 6  and �S� / J K- 1 mol- 1 = - 7 0 . 9  

Smoothed values of the solubil ity are in Table 1 .  

Table 1 .  Solubility of Methane in Methanol . Tentative mole fraction solu
bil ity and partial molal Gibbs energy of solution as a function 
of temperature at a methane partial pressure of 0 . 1 0 1 3  MPa .  

T/K 1 0 4 x 1 �G� /kJ mol- 1 

2 8 3 . 15 9 . 3 9 1 6 . 4 1 0  

2 8 8 . 1 5 9 . 14 1 6 . 76 5  

2 93 . 1 5  8 . 9 1 1 7 . 1 1 9  

2 9 8 . 1 5 8 . 6 8 1 7 . 4 7 3  

3 0 3 . 1 5  8 . 4 8  1 7 . 8 2 8  

3 0 8 . 1 5 8 . 28 1 8 . 1 8 2  

Methane + Ethanol � cH3cH2oH� [ 6 4 - 1 7- 5 ]  

The same five papers (ref 2 , 4 , 5 , 7 , 9 )  report the solubil ity o f  methane 

in ethanol . Again McDaniel ' s  values are the smallest by about 1 4  percent , 

but his enthalpy of solution value agrees with the other workers . His val

ues are doubtful . The single value of Makranczy e t  a Z .  at 2 9 8 . 15 K is 2 6  

percent the largest. It is classed as  doubtful . 

The values of Lannung and Gj aldbaek , Ben-Naim and Yaacobi , and Boyer 

and B ircher agree within about 3 percent of 2 9 8 . 1 5 K .  Their values are 

classed as tentative . Their results were combined in a linear regression 

to obtain the tentative equation for the mole fraction solubility of meth-

ane in ethanol of a partial pressure of 0 . 1 0 1 3  MPa over the 2 8 3 . 1 5 to 

3 08 . 1 5 K interval 

ln x1 = - 8 . 1 1 1 3 1  + 4 . 3 1 4 4 4  / (T / 1 0 0  K )  

with a standard error about the regression line o f  1 . 4 4 x 1 0- 5 • 

From the constants of the equation the temperature independent thermo

dynamic changes for the transfer of one mole of methane from the gas at 
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0 . 1 0 1 3  MPa to the infinitely dilute solution are 

6H� /kJ mol- 1 = -3 . 59 and 6S� /J K- 1 mol- 1 = -67 . 4  

smoothed values of the solubility are in Table 2 .  

Table 2 .  The solubil ity of Methane in Ethanol .  Tentative value s o f  the 
mole fraction solubility and partial molar Gibbs energy of 
so lution as a function of temperature at a methane partial 
pressure of 0 . 1 0 1 3  MPa . 

T/K 1 0 � Zl 6G� /kJ mol- 1 

2 8 3 . 1 5 1 3 . 8  1 5 . 508  

2 8 8 . 15 1 3 . 4  1 5 . 84 6  

2 9 3 . 1 5 1 3 . 1  1 6 . 18 3  

2 9 8 . 1 5 1 2 . 8  1 6 . 5 2 0  

3 0 3 . 1 5 1 2 . 5  16 . 8 57 

3 08 . 1 5 1 2 . 2  1 7 . 19 4  

Methane + 1-Propanol ;  CH3cH20H ; [ 71-23- 8 ]  

Boyer and Bircher (ref 4 ) , Ben-Naim and Yaacobi ( ref 7 ) , and Makranczy 

e t  a Z .  ( ref 9 )  report the solubil ity of methane in 1 -propanol in the room 

temperature region . Komarenko and Manzhelii (ref 6 )  measured the solubili-

ty of methane at a partial pressure of 2 6 . 7  kPa ( 20 0  mmHg) over the 1 73 . 1 5 

to 24 3 . 1 5 K interval . 

Boyer and Birche�, and Ben-Naim and Yaacobi report the same mole 

fraction solubi lity at 2 98 . 1 5 K .  Makranczy e t  a Z .  report a value that is 

1 6  percent larger . The value was not used . 

The data are fit by linear regressions to three equations . First , 

the data of Komarenko and Manzhelii were calculated for a methane partial 

pressure of 0 . 1 0 1 3  MPa assuming Henry ' s  law is obeyed , and the equation 

for the temperature interval of 1 7 3 . 15  to 2 4 3 . 15 K obtained 

ln z1 = - 5 . 6 7 059  + 3 . 2 3 39 3 / ( T/ 1 00 K) - 2 . 04 7  ln ( T / 1 00K) 

with a standard error about the regression line of 5 . 4 3 x 1 0- 5 • 

Second , the data of Boyer and Bircher , and Ben-Naim and Yaacobi were 

combined to obtain an equation for the mole fraction solubility over the 

283 . 1 5 to 30 8 . 1 5 K interval 

ln z1 = - 8 . 0 5 7 3 8  + 4 . 7 7 1 9 5  / (T / 1 0 0  K)  

with a standard error about the regression line of 1 . 2 6 x 1 0- 5 • 

Third , the three data sets were combined in a linear regression ·to 
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obtain the equation for the mole fraction solubility over the 1 73 . 1 5 to 

3 08 . 1 5 K interval at a methane partial pressure of 0 . 1 0 1 3  MPa • 

. 

ln x1 = - 1 5 . 5 0 1 9  + 1 4 . 8 3 1 5 / ( T/ l O OK)  + 3 . 7 2 3 0  ln ( T / 1 0 0  K) 
-� with a standard error about the regression l ine of 1 . 0 1  x 1 0  • 

Smoothed data from the three equations are in Table 3 .  

Table 3 .  The Solubility of Methane in 1-Propano l .  Tentative values of 
the mo le fraction solubility as a function of temperature at a 
methane partial pressure of 0 . 1 0 1 3  MPa from three equations . 

1 0 � x 1 from equations for temperature interval 

T/K 1 73-24 3 K 2 8 3- 3 0 8  K 1 7 3 - 3 0 8  K 

1 73 . 1 5 72 . 5  7 5 . 0  

1 8 3 . 1 5 5 8 . 4  5 7 . 9  

1 9 3 . 1 5 4 7 . 8  4 6 . 4  

2 0 3 . 1 5 3 9 . 7  3 8 . 4  

2 1 3 . 1 5  3 3 . 4  3 2 . 6  

223 . 1 5 2 8 . 4  2 8 . 3  

2 33 . 1 5  24 . 4  2 5 . 1  

2 4 3 . 1 5  2 1 . 1  22 . 6  

2 5 3 . 1 5  2 0 . 6  

2 6 3 . 1 5  1 9 . 0  

2 73 . 1 5  1 7 . 8  

2 8 3 . 1 5  1 7 . 1 1 6 . 8  

2 8 8 . 1 5 1 6 . 6 1 6 . 4  

29 3 . 1 5  1 6 . 1  1 6 . 0  

2 9 8 . 15 1 5 . 7 1 5 . 6  

3 03 . 1 5  1 5 . 3  1 5 . 3  

3 08 . 1 5 1 4 . 9  1 5 . 0  

The thermodynamic changes for the transfer of one mole of methane 

from the gas at 0 . 1 0 1 3  MPa to the infinitely dilute solution calculated 
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from the three equations follow Table 3 .  The equation for the data of 

Komarenko and Mazhel ii gives enthalpy changes that become more negative as 

the temperature increases . The more usual trend is for �H to become less 

negative as T increa ses as is seen in the third equation that comb ines the 

three data sets . 

The thermodynamic changes calculated from the constants of the fitted 

equations are 

1 7 3-24 3 K 2 8 3-308  K 1 73-308  K 

T/K M M Mp �H M �H M ACP 

1 8 3  - 5 . 8 1  - 74 . 5  - 1 7 . 0  - - -6 . 6 6 -79 . 2  3 1 . 0  

233  - 6 . 66 -78 . 6  - 1 7 . 0  - - -5 . 1 1 -71 . 7  3 1 . 0  

2 8 8  - - - -3 . 97 -67 . 0  -3 . 4 1  -65 . 2  3 1 . 0  

2 9 8  - - - -3 . 97 -67 . 0  -3 . 1 0 -64 . 1  31 . 0  

Units : kJ mol- 1 and J K- 1 mol- 1 • 

Methane + 2-Propanol ; CH3CHOHCH3 ; [ 67-63-0 ] 

Only McDaniel ( ref 2 )  reports the solubility of methane in 2-propanol .  

At 2 9 8 . 1 5 K the mo le fraction solubility in 2-propanol is about 8 percent 

smaller than in 1-propanol .  This is contrary to most of our experience 

that gases of this molecular weight are more soluble in the branched than 

the unbranched carbon solvent.  Since McDaniel ' s  solubility values are 

usually too small it is reasonable to as sume these values are too smal l .  

The enthalpy of solution compares well with thos e of other workers ,  indi

cating the temperature coefficient of solubility may be correct . 

The data are classed as tentative , but it is suspected they are at 

least 1 0  percent too smal l .  A linear regression gives the equation for 

the 2 9 3 . 1 5 to 3 1 3 . 15 K interval at a methane partial pressure of 0 . 1 0 1 3  

MPa 

ln x1 = - 7 . 9 9 1 4 5  + 4 . 3 1 5 4 6 / ( T / 1 0 0  K)  

with a standard error about the regression line of 4 . 55 x 1 0- 6 • 

From the constants of the equation the temperature independent thermo

dynamic changes for the transfer of one mole of methane from the gas at 

0 . 1 0 1 3  MPa to the infinitely di lute solution are 

�H1 1k J mol- 1 = -3 . 5 9 and �81 /J K- 1 mol-1 � -66 . 4  

Smoothed solubil ity value s are in Table 4 .  
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Table 4 .  The Solubility of Methane in 2-Propanol . Tentative values of 
the mole fraction solubi lity and partial molal Gibbs energy as 
a function of temperature at a methane partial pressure of 
0 . 1 0 1 3  MPa . 

T/K 

2 9 3 . 1 5 

2 9 8 . 1 5 

3 03 . 1 5 

3 08 . 1 5 

3 1 3 . 1 5 

1 0 4 x 1 

1 4 . 7  

1 4 . 4  

1 4 . 0  

1 3 . 7  

1 3 . 4  

Methane + 1-Butano l ;  c4 H90H; [ 7 1 - 3 6 - 3 ]  

1 5 . 8 8 9  

1 6 . 2 22  

1 6 . 554 

1 6 . 8 8 7  

1 7 . 2 1 9  

589 

Boyer and Bircher (ref 4 ) , and Ben-Naim and Yaacobi (ref 7 )  report 

solubil ity values that agree within 4 percent at 2 9 8 . 1 5 K and within 5 per

cent at 3 0 3 . 1 5 K .  Makranczy e t  a l .  report a single value which i s  1 0  per

cent larger than the average of the other two at 2 9 8 . 1 5  K .  

The solubil ities o f  Boyer and B ircher and o f  Ben-Naim and Yaacobi 

were combined in a linear regression to obtain the equation for the mole 

fraction solubility over the 28 3 . 1 5 to 3 08 . 1 5  K interval at 0 . 1 0 1 3  MPa 

ln x 1 = - 7 . 7 6 4 4 6  + 4 . 4 1 8 6 2 / (T/ 1 00 K )  

with a standard error about the regression line o f  3 . 75 x 1 0- 5 • 

From the constants of the equation the temperature independent thermo

dynamic changes for the transfer of one mole of methane from the gas at 

0 . 1 0 1 3  MPa pressure to the infinitely dilute solution are 

�H� /kJ mol- 1 = - 3 . 6 7 and �S� /J K- 1 mol- 1 
� - 6 4 . 6  

Smoothed values of the solubility are in Table 5 .  
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Table 5 .  Solubility of Methane in 1 -Butanol .  Tentative values of the 
mole fraction solub il ity and the partial molar Gibbs energy of 
solution as a function of temperature at a methane partial 
pressure of 0 . 1 0 1 3  MPa . 

T/K 1 0 4x 1 t.G� /kJ mol- 1 

2 8 3 . 15 2 0 . 2  1 4 . 6 05 

28 8 . 1 5 1 9 . 7  1 4 . 9 2 8  

29 3 . 1 5 1 9 . 2  1 5 . 2 51  

29 8 . 1 5 1 8 . 7  1 5 . 574  

303 . 15 1 8 . 2  1 5 . 8 9 6  

3 0 8 . 1 5 1 7 . 8  1 6 . 2 1 9  

Methane + 2-Methyl- 1-propanol 1  CH3CH (CH3 ) CH20H : [ 78 - 8 3- 1 ]  

Only Winkler ' s  (ref 3 )  qualitative measurement , which corresponds to 

a mole fraction solubil ity of 1 3  x 1 0- 4 , is available for the system . 

The value appears to be much too small and is rej ected . 

Methane + 1-Pentanol;  cH3 (cH2 ) 3cH20H ; [ 71-41-0 ]  

McDaniel (ref 2 ) , Boyer and Bircher (ref 4 ) , Ben-Naim and Yaacobi 

(ref 7 ) , and Makranc zy et a l .  ( ref 9 )  report solubil ity values for the 

methane + 1-pentanol system. At 2 9 8 . 15 K the four solubil ity values 

show a range of about 1 3  percent .  

All values are clas sed a s  tentative and all values were combined in 

a linear regression to obtain the equation for the mole fraction solubili-

ty over the 2 8 3 . 15 to 3 0 3 . 15 K interval at 0 . 1 0 1 3  MPa pressure . 

ln x1 = -7 . 4 2 305  + 3 . 7 3 9 7 / (T/ 1 0 0  K) 

with a standard error about the regression line of 9 . 3 0 x 1 0- 5 • 

The thermodynamic changes for the transfer of one mole of methane 

from the gas at 0 . 1 0 1 3  MPa to the inf initely dilute solution are 

t.H� /kJ mol- 1 = - 3 . 1 1 and t.S� /J K- 1 mol- 1 Q - 6 1 . 7  

Smoothed solub ility data are in Table 6 .  
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Table 6 .  Solubil ity of Methane in 1-Pentanol . 
mole fraction solubil ity and partial 
tion as a function of temperature at 
of 0 . 1 0 1 3 MPa . 

Tentative values of the 
molar Gibbs energy of solu
a methane partial pressure 

T/K l O � x 1 llG� /kJ mol- 1 

2 8 3 . 15 22 . 4  1 4 . 36 6  

2 8 8 . 1 5 2 1 . 9  1 4 . 6 7 5  

2 9 3 . 1 5 2 1 . 4  1 4 . 98 3  

2 98 . 1 5 2 0 . 9 1 5 . 29 2  

3 03 . 1 5 2 0 . 5  1 5 . 6 0 0  

3 08 . 1 5 20 . 1  1 5 . 909  

Methane + 3-Methyl-1-butanol ; CH3CH (CH3 ) cH2cH20H ; [ 1 2 3 - 5 1 - 3 ]  

Friedel and Gorgeu ( re f  1 )  report a n  absorption experiment a t  2 8 5 . 7  K 

and 0 . 1 0 1 3  MPa . The mol e  fraction solubility calculated from their measure

ment is 2 3  x 1 0- 4 which is of similar magnitude to the solubility of meth-

ane in 1-propanol at that temp erature . The value is classed as tentative . 

Methane + 1 -Hexanol;  cH3 ( cH2 ) 4cH20H; [ 1 1 1-27- 3 ]  

Ben-Naim and Yaacobi (ref 7 )  report the solubility of methane in 

1-hexanol at five degree interval s from 2 8 3 . 1 5 to 3 0 3 . 1 5 K .  Boyer and 

Bircher (ref 4 )  and Makranc zy e t  a Z .  report single solubility values at 

2 98 . 1 5 K which are 4 and 1 0  percent larger , respectively , than the Ben-Naim 

and Yaacob i value . All values are classed as tentative , but only the 

Ben-Naim and Yaacobi values were used in the linear regression to obtain 

the equation for the mol e  fraction solubil ity over the 2 8 3 . 1 5 to 3 0 3 . 1 5 K 

interval at 0 . 1 0 1 3  MPa .  

ln x1 = - 7 . 8 4 1 2 1  + 5 . 24 28 2 / ( T/ 1 0 0  K)  

with a standard error about the regression line of 5 . 00 x 1 0- 6 • 

The thermodynamic changes for the transfer of one mole of methane 

from the gas at 0 . 1 0 1 3  MPa to the infinitely dilute solution are 

M-T 
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-

AH� /k J mol- 1 = - 4 . 36 and AS�J K- 1 mol- 1 = - 6 5 . 2  

The smoothed solubility data are in Table 7 .  

Table 7 .  The Solubility o f  Methane in 1-Hexanol . 
mole fraction solubility and the partial 
solution a s  a function of temperature at 
pressure of 0 . 1 0 1 3  MPa . 

Tentative values of the 
molar Gibbs energy of 
a methane partial 

T/K 1 0 4 x 1 AG� /k J mol- l 

28 3 . 15 25 . 0  1 4 . 1 0 1  

2 8 8 . 15 24 . 3  14 . 4 27 

2 9 3 . 1 5  23 . 5  1 4 . 75 3  

2 9 8 . 1 5 2 2 . 8  1 5 . 0 7 9  

3 03 . 1 5 22 . 2  1 5 . 4 0 5  

Methane + 1-Heptano l �  CH3 (cH2 ) 5CH20H� [ 1 11 - 7 0-6 ]  

Two solubil ity values are reported for this system . Boyer and 

B ircher ( re f  4 )  report a mole fraction solubility of 2 6 . 0  x 1 0- 4  at 2 9 8 . 1 5 

K and Makranczy e t  a Z .  ( ref 9 )  report a value of 27 . 1  x 1 0- 4  at 2 9 8 . 1 5  K .  

The values are classed a s  tentative . 

Methane + 1-0ctano l �  cH3 (cH2 ) 6cH20H : [ 1 1 1- 8 7 - 5 ]  

Wilcock , Battino , Danforth , and Wilhelm ( ref 8 )  report solubil ities 

at three temperatures ,  Boyer and Bircher ( ref 4) at two temperatures ,  and 

Makranczy e t  a Z .  (re f  9 )  at one temperature for the system . At 2 9 8 . 1 5  K 

Boyer and Bircher ' s value is 4 percent larger , and the value of Makranczy 

e t  a Z .  is 8 . 5  percent larger than the value of Wilcock e t  a Z .  All o f  the 

data are classed as tentative , but only the solubil ities reported by 

Wilcock e t  a Z .  and Boyer and Bircher were used in the linear regression 

to obtain the equation for the mole fraction solubility over the 2 8 3 . 1 5 

to 3 13 . 1 5 interval at 0 . 1 0 1 3  MPa . 

ln x 1 = - 7 . 4 37 5 4  + 4 . 6 0 7 6 3 / (T/ 1 0 0  K )  

with a standard error about the regression line of 6 . 38 x 1 0- 5 • 

The thermodynamic changes for the transfer of one mole of methane 

from the gas at 0 . 1 0 1 3  MPa to the infinitely dilute solution are 

AH� /kJ mol- 1 = - 3 . 8 3 and AB�/ j  K- 1 mol- 1 
= - 6 1 . 8  

The smoothed solubility values are in Table 8 .  
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Table B .  The Solubil ity of Methane in 1-0ctanol . 
mo le fraction solubil ity and the partial 
solution as a function of temperature at 
sure of 0 . 1 0 1 3  MPa . 

Tentative values of the 
molar Gibbs energy of 
a methane partial pres-

T/K 1 0 � x 1 t.Gl /kJ mol-1 

2 8 3 . 15 2 9 . 9 7 1 3 . 6 7 9  

2 8 8 . 15 29 . 1 3 1 3 . 9 8 8  

2 93 . 15 2 8 . 3 5 14 . 29 7  

298 . 1 5 2 7 . 6 1 14 . 606 

3 03 . 1 5  26 . 9 2 14 . 9 1 5  

3 08 . 1 5 26 . 2 6 1 5 . 224 

31 3 . 15 2 5 . 6 4  1 5 . 534 

Methane + 1-Nonano l ;  CH 3 (cH2 ) 7cH2oH ; [ 1 43-08-8 ] 

Makranczy , Rusz , and Balog-Megyery ( ref 9 )  report a solubility which 

gives a mole fraction of 3 1 . 9  x 1 0-� at 298 . 1 5 K and 0 . 1 0 1 3  MPa . The 

value is clas sed as tentative . 

Methane + 1-Decanol; CH3 (cH2 ) 8 cH20H ; [ 1 1 2-30-1 ] 

Wilcock e t  a L  (ref 8 )  and Makranczy e t  aL (ref 9 )  report solubility 

values at three and one temperature s ,  respective ly . At 298 . 1 5 K the 

Makranczy value is the larger by 9 percent . All data are clas sed as 

tentative , but we prefer the data of Wilcock et aZ.  which are used in the 

linear regression to obtain the equation for the mole fraction solubility 

over the 2 8 3 . 1 5  to 31 3 . 1 5 K interval at a pressure of 0 . 1 0 1 3  MPa . 

ln x 1 = -7 . 2 5 1 1  + 4 . 4 3 2 1 / ( T / 1 0 0  K) 

with a standard error about the regression line of 3 . 4 6  x 1 0- 5 • 

The thermodynamic changes for the transfer of one mole of methane 

from the gas at 0 . 1 0 1 3  MPa to the infinitely dilute solution are 

t.Hl /kJ mol- 1 = -3 . 6 8 and t.Sl /J K-1 mol- 1 = -6 0 . 3  

Smoothed solubil ity value s are in Table 9 .  
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Table 9 .  The Solubility o f  Methane in 1 -Decanol . Tentative values of the 
mole fraction solubility and partial molar Gibbs. energy of solu
tion as a function of temperature at a methane partial pressure 
of 0 . 1 0 1 3  MPa . 

T/K 1 0 4 �1 t.G� /kJ mol-1 

2 8 3 . 1 5  3 3 . 9 4  1 3 . 3 8 6  

2 8 8 . 1 5 3 3 . 03 1 3 . 6 8 7  

2 93 . 1 5 32 . 1 7 1 3 . 9 8 9  

2 9 8 . 1 5 31 . 37 1 4 . 29 0  

30 3 . 1 5  3 0 . 61 1 4 . 5 9 1  

3 08 . 1 5 2 9 . 8 9 1 4 . 8 9 3  

3 1 3 . 1 5  2 9 . 21 1 5 . 1 9 4  

Methane + 1-Undecanol ;  cH3 (cH2 ) 9cH20H; [ 1 1 2- 4 2 - 5 ]  

Methane + 1-Dodecano l ;  CH3 (cH2 ) 1 0cH20H; [ 1 1 2- 5 3 - 8 ] 

Makranczy , Rus z  and Balog-Megyery ( ref 9 )  report solubility values 

that correspond to a mole fraction of 3 6 . 5  x 1 0- 4  and 3 8 . 9  x 1 0- 4 , respec

tively , for the two systems at 2 98 . 1 5 K and a methane partial pressure at 

0 . 1 0 1 3  MPa .  Both values are classed a s  tentative ; however ,  i t  i s  the 

j udgement of the evaluator the values may be 8 - 1 0 percent too large . 

Alcohols and alkanes as solvents for methane show interesting trends 

when the enthalpy and entropy changes for the transfer of one mole of 

methane from the gas at 0 . 1 0 1 3  MPa to the infinitely di lute solution are 

compared . The average enthalpy change is - 3 . 72 ± 0 . 3 3 for all or - 3 . 7 1  

± 0 . 1 4  k J  mol- 1 when the values for the c5 and c 6 alcohols are omitted . 

The values compare with average enthalpy changes of - 4 . 0 6 ± 0 . 52 for al l 

or - 4 .  05 ± 0 . 14 kJ mol- 1 when values for the c 7 and c1 6  alkanes are omitted . 

Thus , there is no significant change in t.li o 
1 with carbon number for e ither 

alcohols or alkanes . The 0 . 34 kJ mol- 1 more exothermic average t.H o 
1 for al-

kanes than alcohols falls j ust at the limit of the uncertainty of the two 

averages , and may not be s ignificant . 

The entropy change is nearly constant for the alkanes at -57 . 0  ± 2 . 3  

J K- 1 mol- 1 while the entropy change varies from - 70 . 9  for methanol to 

- 61 . 8  and - 6 0 . 3  for 1-octanol and 1-decanol , respectively . As the alcohol 

carbon number increases the entropy change approaches to within about 3 

J K- 1 mol- 1 o f  the hydrocarbon value . 
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( 2 )  Alkanols (alcoho l s )  
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EVALUATOR: 
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For the solubility of methane in water at 2 9 8 . 1 5 K the enthalpy and 

entropy changes are much more negative being - 1 3 . 1 9 kJ mol- 1 and - 1 3 2 . 2  
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J K- 1 mol- 1 , respectively . Comparison of the water enthalpy values with 

the alkane and alkanol values suggests the methane molecule is located pri-

marily in a hydrocarbon- like environment in both the hydrocarbon and alco

hol solvents including even methanol and other small carbon number alcohols . 

Comparison of the entropy values suggests the methanol is intermediate be-

tween water and hydrocarbon but nearer the hydrocarbon as an ordered solu-

tion .  B y  about carbon number eight the alcohol and hydrocarbon entropy 

difference is only about 3 J K- 1 mol- 1 with the methane about twice as 

soluble in the hydrocarbon as the alcohol . 
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Methano l ;  CH30H ; [ 67-56-1]  

VARIABLES : 
T/K = 2 9 5 . 2 5 - 3 2 2 . 95 

p1 /kPa = 101 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
McDaniel , A .  S .  

J .  Phy s . Chem . 1911 , 1 5 ,  58 7-610 . 

PREPARED BY : 
H .  L .  Cl ever 

Temperature Mol Fraction Bunsen 
Coefficienta Ostwald 

Coefficientb 
L/cm3 cm- 3  t/°C T/K 

--
2 2 . 1  2 9 5 . 2 5 
2 5 . 0  298 . 1 5  
3 0 . 2  3 03 . 3 5 
4 0 . 0  313 . 1 5  
4 9 . 8  322 . 9 5  

10 3 x 1 
0 . 7 4 6  
0 . 7 37 
0 . 7 04 
0 . 6 3 5  
0 . 4 2 6  

a 

0 . 41 0 2  
0 . 4 0 5 9  
0 . 3 8 8 3  
0 . 34 3 6  
0 . 2 278  

0 . 4 4 3 6  
0 . 44 3 1C 
0 . 4 27 8  
0 . 3 9 3 8  
0 . 2 6 9 5  

aBunsen coeffic ient, a/cm3 (STP)  cm- 3 a tm- 1 • 
bListed as absorption coeffic ient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 
cOstwald coefficient (absorption coefficient) es tima ted as 

2 9 8 . 1 5  K value by author . 
dMole fraction and Bunsen coeffic ient values calculated by 

compil er assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT: McDaniel ' s  data should be used with cautio n .  
H i s  values are often 20 percent o r  more too small when compared 
with more rel iable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus is all glass . It  con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boil ing under reduced 
pressure . Gas pressur e or volume is 
adjusted using mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent .  

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Me thane . Prepared by reaction 

of methyl iodide with zinc
copper . Passed through water 
and sulfuric acid . 

( 2 ) Methanol . Source no t given , 
purity stated to be 99 per cent . 

ESTIMATED ERROR: 

o L/L > -0 . 20 (compiler) 

REFERENCES : 
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COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  Methanol ; CH30H ; [ 6 7- 5 6 - 1 ]  

VARIABLES : 

T/K : 2 9 8 . 15 
P/kPa : 101 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

2 9 8 . 15 9 . 19 

ORIGINAL MEASUREMENTS : 

Boye r ,  F .  L . ;  Bircher , L .  J .  

J .  Phya . Chern. 1 9 6 0, 6 4 ,  
1 3 3 0  - 13 3 1 .  

PREPARED BY : 

M .  E .  Derrick 
H .  L .  Clever 

Bunsen Ostwald 
Coefficient 1 Coefficient 

a L/cm3 cm- 3  

0 . 50 6  0 . 552 ± 0 . 0 0 4  

The Bunsen coefficient was calculated by the compiler . 

The mole fraction solubility was taken from Boyer ' s  thesis ( 1 ) .  

Boyer ' s  thesis gives the equations :  

log x1 = - 3 . 0 62  + 0 . 56 5  log C for 2 9 8 . 15 K 
log x1 = - 3 . 0 91  + 0 . 5 7 9  log C for 3 0 8 . 15 K 

where C i s  the number of normal alcohol carbon atoms . Most of the mole 
fraction solubility values given in the paper were calculated from the 
equation at 2 9 8 . 15 K .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A commercial Van S lyke blood gas 
apparatus ( E . H .  Sargent Co . )  was 
modified by the authors .  

The total pressure of the gas and 
the solvent vapor in the solution 
chamber was adj usted to a pressure 
of one atm .  The pressure was main
tained at one atm during the solution 
process . The saturated solution was 
transferred to a bulb below the lower 

SOURCE AND PURITY OF MATERIALS : 

1 .  Methane . Phillips Petroleum Co . 
Stated to be 99 . 9  mol per cent . 

2 .  Methanol .  Source not given . 
Treated by standard methods to 
remove aldehydes and ketones , 
then dried and distilled . 
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stopcock of the extraction vessel and �������-------------------------1 
sealed off . The gas and solvent vapor ESTIMATED ERROR: 
were then brought to volume over oT/K = ± 0 . 01 
mercury . See ( 2 )  for details of the oL/cm3 = ± 0 . 00 3  
extraction procedure . 

REFERENCES : 

1 .  Boyer , F .  L . , Ph . D .  thesis , 1 9 5 9  
Vanderbilt Univ . , Nashville , TN 

2 .  Peters , J .  P . ;  Van S lyke , D .  D .  
Quan ti tative CZiniaa Z Chemi s try 
Baltimore , MD , 1 9 3 2 , Volume I I . 
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2 - 8 ]  

( 2 )  Methanol ; CH4o ;  [ 67- 5 6 - 1 ]  

VARIABLES : 
T/K = 291 . 1 5  - 3 1 0 . 15 

p 1 /kPa = 1 01 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 
T/K Mol Fraction 

ORIGINAL MEASUREMENTS : 
Lannung , A . ; Gj aldabek , J .  c .  

Aa ta Chern . Saand. 1 9 6 0 , 1 4 ,  
1124 - 1128 . 

PREPARED BY : 

J .  Chr . Gj aldbaek 

Bunsen 
Coefficient 

Ostwald 
Coeff icient 1 04 x 1 a/cm3 (STP ) cm- 3 atm- 1 L/cm3 cm- 3 

2 91 . 15 
2 9 1 . 15 
2 98 . 15 
3 1 0 . 15 
3 10 . 15 

9 . 01 
9 . 01 
8 .  7 l  
8 . 10 
8 . 3 0 

0 . 5 0 0  
0 . 5 0 0  
0 . 4 7 9  
0 . 4 4 0  
0 . 4 5 1  

0 . 5 3 3  
0 . 5 3 3  
0 . 5 2 3  
0 . 5 0 0  
0 . 512  

Smoothed Data : For use between 291 . 15 and 3 1 0 . 15 K .  

ln x1 = - 8 . 5 5 3 8  + 4 . 4 9 05/ ( T/ 1 0 0  K)  

The standard error about the regression line is  8 . 2 3  x 1 0- 6 • 

T/K Mol Fraction 
1 0 4x 1 

2 9 8 . 15 8 . 6 9 
3 08 . 15 8 . 2 8 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A calibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( l ) . 

The absorbed volume of gas is  
calculated from the initial and 
final amounts ,  both saturated with 
solvent vapor . The amount of 
solvent is  determined by the 
weight of di splaced mercury . 

The values are at 101 . 32 5  kPa 
(1 atm) pre ssure assuming Henry ' s  

law is obeyed . 

SOURCE AND PURITY OF MATERIALS : 
( l )  Methane . Generated from 

magnesium methyl iodide . 
Purified by fractional distilla
tion . Specific gravity cor
responds with mol wt 16 . 08 .  

( 2 )  Methanol . B .A . S . F .  Disti lled 
over magnesium . 

ESTIMATED ERROR: 

cS T/K = ± 0 .  0 5  
cS x 1 /x 1 = ± 0 .  015 

REFERENCES : 

1 .  Lannung , A .  
J .  Am . Che rn .  Boa .  1 93 0 ,  5 2 ,  6 8 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4 - 8 2 - 8 ]  Ben-Naim , A . ; Yaacobi , H .  

2 .  Methanol ;  CH �O ;  [ 67-56-1]  J .  Phys . Ch ern . 1974, ? 8 , 175- 8  

VARIABLES :  P REPARED BY : 

Temperature c . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
* 

Ostwald coefficient, Mole fraction+ at 
partial pressure 
of 101 . 3  kPa ,  xCH� 

2 8 3 . 15 
2 8 8 . 15 
29 3 . 1 5 
29 8 . 1 5 
303 . 1 5 

L 

0 . 5 4 3 7  
0 . 5364  
0 . 5 2 7 8  
0 . 5180  
0 . 50 7 0  

0 . 0 0 0 9 3 5  
0 . 0 0 0912  
0 . 0 0 0 8 8 8  
0 . 0 0 0 8 6 2  
0 . 0 0 0 8 3 4  

* Smoothed values obtained from the equation . 

kT ln L =-2 , 6 04 . 5  + 1 8 . 5 4 6  ( T/K) - 0 . 03729  (T/K) 2 cal mol- 1 
where k is in units of cal mol- 1 K- 1 

+ calculated by compiler as suming the ideal gas law for 
methane . 

AUXILIARY INFORHATION 

METHOD /APPARATUS/PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It cons ists 
of  three main parts , a dissolution 
cell of 3 0 0  to 600  cm3 capacity , 
a gas volume measuring column , and a 
manometer .  The solvent is  degassed 
in the dissolution cel l ,  the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mol - per cent . 

2 .  AR grade . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oxCH� = ±2%  
(estimated by compiler) • 

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , s .  

T�ans . Fa�aday . So a .  1963, 59,  
2735 . 

2 .  \'len , W .  -Y . Hung J .  H .  
J .  Phy s .  Chern.  1970, ? 4 ,  170 . 
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COMPONENTS : 

1 .  Hethane ; CH4 ; [ 7 4 - 8 2-8 ]  

3 .  Hethano l ;  CH4 0; [ 6 7-56-1]  

VARIABLES :  

EXPERIMENTAL VALUES : 

T/K 

29 8 . 15 101 . 3  

ORIGINAL MEASUREMENTS : 
Makranc zy , J . ; Rusz ,  L . ; 
Balog-Megyery, K .  

Hung . J.  Ind. Chem. 19 7 9 ,  7 ,  4 1- 6 .  

PREPARED BY : 

Ostwald 
coefficient 

0 . 8 0 8  

C . L .  Young 

Mole fraction of 
methane* , xCH4 

0 . 001343  

* calculated by compi ler 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATE RIALS : 

Apparently the volumetric No details given . 
apparatus described in ref . ( 1 )  
was modified for use at 
temperatures above 0 ° C .  The 
apparatus was designed to be 
operated at a partial pre ssure 
of sulfur dioxide of 7 6 0  torr. 

ESTIMATED ERROR: 

oXCH = ± 3%  
4 

REFERENCES : 

1 .  Bodor , E • ; Bor , Gy . ; Hohai , B .  ; 
Sipos , G .  
Ves zpremi Vegyip . Egy .  Koz Z .  
1957 , 1 , 5 5 .  
Chem. Abstr .  1961 , 5 5 ,  3175h 
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COMPONENTS : 

( 1 )  Methane : CH4 : [ 7 4 - 8 2- 8 ]  

( 2 )  Ethanol ; c2H 50H ; [ 6 4- 1 7 - 5 ]  

VARIABLES : 
T/K = 2 9 5 . 3 5 - 3 1 3 . 15 

p /kPa = 101 . 3  

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

McDaniel , A .  S .  

J.  Phys , Chem , l911 , 1 5 ,  5 8 7 - 61 0 . 

PREPARED BY : 

H .  L .  Clever 

Temperature Mol Fraction Bunsen a Ostwald 
Coeffic ient Coeffic ientb 

t/ ° C  T/K 10 3x l a L/cm3 cm- 3 
--

2 2 . 2  2 9 5 . 3 5 1 . 11 6  0 . 4 28 2  0 . 4 62 8  
2 5 . 0  2 9 8 . 1 5  1 . 0 9 6  0 . 4 197  0 . 4 58 lc 
3 0 . 1  3 0 3 . 2 5  1 . 0 64 0 . 4 0 51 0 . 4 50 3  
4 0 . 0  3 1 3 . 15 0 . 9 9 8  0 . 3 7 7 1  0 . 4 3 2 3  

aBunsen coeffic ient , a/cm3 ( S TP )  cm- 3  atm- 1 • 
bListed as absorption coeffic ient in the original paper . 

Interpreted to be equivalent to Ostwald coeffic ient by compiler . 
cOstwald coeffic ient ( absorption coefficient) estimated as 

2 9 8 . 15 K value by author . 
dMole fraction and Bunsen coefficient values calculated by 

compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with cautio n .  
H i s  values are o ften 20  percent o r  more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus is all glass . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boiling under reduced 
pressure . Gas pressure or volume is 
adj usted using mercury displacement .  
Equilibration i s  achieved at atm _ 
pressure by hand shaking , and incre
mentally adding gas to the contacting 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by reaction 

of methyl iodide with z inc
copper . Passed through water 
and sulfuric acid . 

( 2 )  Ethanol . Source not g iven . 
Purity s tated to be 99 . 8  
per cent . 

ESTIMATED ERROR: 

a L/L > - o .  2 0  

REFERENCES : 
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602 Alkanols:  Pressure u p  to 0.2 MPa 

COMPONENTS : 
{ 1 )  Methane ; CH4 ; [ 74-8 2-8 ] 

( 2 )  Ethanol ;  C2H50H ; [ 6 4 -17-5 ]  

VARIABLES : 
T/K : 2 9 8 . 1 5 

P/kPa : 101 . 325  ( 1  atm) 

ORIGINAL MEASUREMENTS : 
Boyer , F .  L . ; Bircher , L .  J .  

J .  Phys . Chem . 1960 , 64 , 
1330-1331 . 

PREPARED BY : 
M .  E .  Derrick 
H .  L. Clever 

EXPERIMENTAL VAL�U�E=S�=------------------------------------------------
T/K Mol Fraction Bunsen 

Coefficient1 
Ostwald 

Coeffic ient 
3 -3 L/cm em CL 

298 . 15 13 . 0  0 . 4 9 4 0 . 5 3 9  ± 0 . 0 0 3  

The Bunsen coefficient was calculated by the compiler . 

The mole fraction solubi lity was taken from Boyer ' s  thesis ( 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubility and the number of normal alcohol carbon numbers . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A commercial Van Slyke blood gas 
apparatus { E .  H . Sargent Co . )  was 
modified by the authors . 

The total pres sure of the gas and 
the solvent vapor in the solution 
chamber was ad justed to a pres sure 
of one atm . The pressure was main
tained at one atm during the solu-
tion process . The saturated solu-
tion was transferred to a bulb below 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Phil lips Petroleum Co . 

Stated to be 9 9 . 9  mol per cent . 

( 2 )  Ethanol . Source not given . 
Treated by standard methods to 
remove aldehydes and ketones , 
then dried and distilled . 

the lower stopcock of  the extraction 
vessel and sealed off . The gas and �

E�S�T=I�MA�TE�D�E�R�R�OR�:
------------------------� 

solvent vapor were then brought to 
volume over mercury . see ( 2 )  for o T/K = ± 0 . 0 1 
detai ls of the extraction procedure . 3 o L/cm = ± 0 . 0 03 

REFERENCES :  
1 .  Boyer , F .  L . , Ph . D .  thesis , 1959  

Vanderbilt Univ . , Nashville ,� 

2 .  Peters , J .  P . ; Van Slyke , D .  D .  
Quan titative  C Ziniaa Z Chemi s try 
Baltimore , MD , 1932 , Volume II . 



Alkanols :  Pressure up to 0.2 M Pa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; { 7 4-82-8]  

( 2 )  Ethano l ;  c2H6o ;  { 64-17-5 ]  

VARIABLES : 
T/K = 291 . 15 - 3 1 0 . 15 

r 1 /kPa = 101 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lannung , A . ; Gj aldbaek , J .  c .  

Aata Chern . Saand.  196 0 ,  1 4 ,  
1124  - 1128 . 

PREPARED BY : 

J .  Chr . Gjaldbaek 

T/K Mol Fraction 

10 3x 

Bunsen 
coefficient 

Ostwald 
Coefficient 

1 a/cm3 (STP ) cm- 3 atm- 1  L/cm3 cm- 3 

2 91 . 15 
291 . 15 
2 9 8 . 15 
2 9 8 . 15 
310 . 15 
310 . 15 

1 . 33 
1 .  3 3  
1 . 2 8 
1 . 2 8 
1 . 2 1 
1 . 2 1 

0 . 511 
0 . 512 
0 . 4 8 7  
0 . 4 9 0  
0 . 4 54  
0 . 4 5 6  

0 . 5 4 5  
0 . 54 6  
0 . 5 3 2  
0 . 53 5  
0 . 515  
0 . 518 

Smoothed Data : For use between 291 . 15 and 3 10 . 15 K .  

ln x1 = -8 . 16 18 + 4 . 4 7 8 9/ (T/10 0  K )  

The standard error about the regression line i s  1 . 5 3  x 1 0- 6 • 

T/K Mol Fraction 
1 0 3 x 1 

2 9 8 . 15 1 . 2 8 
3 0 8 . 15 1 . 22 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A calibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( 1 ) . 

The absorbed-volume of gas is  
calculated from the initial and 
f inal amounts ,  both saturated with 
solvent vapor . The amount of solvent 
is determined by the weight of dis
placed mercury . 

The values are at 101 . 3 2 5  kPa 
(1 atm) pressure assuming Henry ' s  law 
is  obeyed . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Generated from 

magnesium methyl iodide . 
Purifled by fractional dis
tillation . Specific gravity 
corresponds with mol wt 16 . 08 .  

( 2 )  Ethanol . Alcohol absolutus 
Ph . Dan . Distilled twice over 
quick lime . 

ESTIMATED ERROR: 

REFERENCES : 

& T/K = ± 
o x1 /x1 = ± 

1 .  Lannung , A .  

0 . 05 
0 . 015 

J .  Am . Chern.  Boa .  1 9 3 0 , 5 2 ,  6 8 . 
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604 Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 7 4-82-8 ]  Ben-Naim , A. ; Yaacobi , M .  

2 .  Ethanol ;  C 2 H6 0; [ 6 4-17- 5 ]  J .  Phys . Chern . 1974 , 7 8 , 175-8 

VARIABLES : P REPARED BY : 

Temperature ,  C . L .  Young 

EXPERIMENTAL VALUES : 

T/K * Ostwald coefficient,  Mole fraction+ at  
partial pressure 
of 1 01 . 3  kPa , xCH � 

2 8 3 . 15 
2 8 8 . 1 5 
2 9 3 . 1 5 
2 9 8 . 1 5 
3 0 3 . 1 5 

L 

0 . 5567  
0 . 5 4 6 8  
0 . 5 3 7 0  
0 .  5272  
0 . 5175  

0 . 00138  
0 . 0 0 134 
0 . 0012 8 
0 . 00126  
0 . 0 0123 

* Smoothed values obtained from the equation. 

kT ln L = 2 5 5 . 3  + 2 . 63 6  ( T/K) - 0 . 01024  (T/K) 2 cal mol- 1 
where k is in units of cal mol- 1 K- 1 

+ calculated by compiler as suming the ideal gas law for 
methane . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It  consists 
of three main parts , a dissolution 
cell of 300 to 6 0 0  cm3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dis solution cell , the gas is 
introduced and dissolved while the 
liquid is kept stirred by a magnetic 
stirrer immersed in the water bath . 
Dissolution of the gas results in 
the change in the height of a column 
of mercury which is measured by a 
cathetometer . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mol per cent. 

2 .  AR grade . 

ESTIMATED ERROR: 

oT/K = ± 0 , 1 ;  oxCH � = ±2%  
(estimated by compiler) 

REFERENCES ; 

1 .  Ben-Naim , A . ; Baer , s .  
T�ans . Fa�aday Soc . 1 9 6 3, 59,  
2735 . 

2 • Wen , tv . -Y .  ; Hung , J .  H .  
J .  Phys . Chern.  1970, 7 4 , 170 



Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS: 

1 .  Hethane ; CH4 ;  [ 7 4 - 8 2- 8 ]  
2 .  E thanol ;  C 2H 6 0 ;  [ 6 4 -17 - 5 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K P/kPa 

2 9 8 . 1 5 10 1 . 3  

ORIGINAL MEASUREMENTS: 

�akranc zy , J . ;  Rusz ,  L . ;  
Balog-Hegyery , K .  

Hung .  J .  Ind. Chem . 1 97 9 ,  7 ,  4 1- 6 

PREPARED BY : 

Ostwald 
coefficient 

0 . 6 6 6  

C . L .  Young 

Hole fraction 
of methane* , 

XCH4 

0 . 0 0 1 6 0  

* calculated b y  compi ler 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Apparently the volumetric No details given . 
apparatus described in ref .  ( 1 )  

was modified for use at 
temperatures above 0 ° C .  The 

apparatus was designed to be 
operated at a partial pressure 
of sulfur dioxide of 7 6 0  torr . 

ESTIMATED ERROR: 

= ± 3 %  

REFERENCES : 

1 .  Bodor , E • ; Bor , Gy . ; Mohai , B .  ; 
Sipos . G .  
Ve s zpremi Vegyip .  Egy . Ko z Z .  
1957 , 1 , 5 5 . 
Chem . Abs tr .  1 9 6 1 ,  5 5 ,  3 1 7 5h 
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606 Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-8 2-8 ] 

( 2 )  !-Propanol ; c
3

H
70H ; [ 7 1-2 3 -8 ]  

VARIABLES : 

T/K : 
P/kPa : 

2 9 8 . 1 5 ,  3 08 . 1 5 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

Mol Fraction 

ORIGINAL MEASUREMENTS : 

Boye r ,  F .  L . ; Bircher , L .  J .  

J .  Phy s .  Chem . 1 9 6 0 , 64 , 
1 3 3 0  - 1 3 3 1 . 

PREPARED BY : 

Bunsen 

M .  E .  Derrick 
H .  L. Clever 

Ostwald T/K 
Coeff icient1 Coeffic ient 

1 0 4. '1: L/cm 3 - 3  
1 "' em 

2 9 8 . 1 5 1 5 . 6  0 . 4 6 7  0 . 5 1 0  ± 0 . 0 0 4  

3 0 8 . 15 15 . 1  0 . 4 4 9  0 . 5 0 6  ± 0 . 0 0 2  

The Bunsen coefficients were calculated b y  the compiler . 

The mole fraction solubilities were taken from Boyer ' s  thesis ( 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubility and the number of normal alcohol carbon numbers .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A commercial Van Slyke blood gas 
apparatus ( E .  H. Sargent Co . )  was 
modified by the authors .  

The total pressure of the gas and 
the solvent vapor in the solution 
chamber was adjusted to a pressure 
of one atm . The pressure was main
tained at one atm during the solution 
proces s .  The saturated solution was 
transferred to a bulb below the lower 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Phillips Petroleum Co . 

Stated to be 9 9 . 9  mol per cent . 

( 2 )  !-Propanol .  Source not g iven . 
Treated by standard methods to 
remove aldehydes and ketones , 
then dried and distilled . 

stopcock of the extraction vessel and 
sealed off . The gas and solvent r.

E�S�T
�I�MA�TE�D�E�R�RO�R-=

-------------------------4 

vapor were then brought to volume 
over mercury . See ( 2 )  for details o T/K = ± 0 . 0 1 
of the extraction procedure . 3 o L/cm = ± 0 .  0 0 4  (at 2 9 8  . 1 5) 

± 0 . 0 0 2  ( at 2 0 8 . 15) 

REFERENCES : 
1 .  Boyer , F .  L . , Ph . D .  thes i s ,  1 9 5 9  

Vanderbilt Univ . , Nashville , � 

2 .  Peters , J .  P . ; Van S lyke , D .  D .  
Quan ti tative C Zinica Z Chemis tPy 
Baltimore , MD , 1 9 3 2 , Volume I I . 



Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane � CH4 � [ 7 4 - 8 2-8 ] Komarenko , v .  G . � Manz helii , v .  G .  

( 2 )  1-Propanol �  c3H8 o�  [ 7 1-23-8 ] Ukr . Fi z .  Zh .  ( Ukr . Ed. ) 1968,  1 3,  
3 87-391 . 

VARIABLES : 
T/K = 17 3 . 15 - 2 4 3 . 15 

p 1/kPa = 26 . 6 6 4  ( 2 0 0  mmHg) 

�Ukr.  Phys . J .  (Eng Z .  Tran Z . J 1 9 6 8 ,  
1 3,  2 7 3-2 7 6 .  

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction Mol Fraction 

t/ °C T/K 
p 1/mmH� = 2 0 0  

10  x1 
p 1 /mmH� = 7 6 0  

10 xz 
---

-100  173 . 15 1 .  924  7 . 3 1 
- 9 0  18 3 . 15 1 . 511 5 . 7 4 
- 8 0  193 . 15 1 . 2 6 1  4 . 7 9 
- 7 0  2 03 . 15 1 .  048  3 . 9 8 
- 60 213 . 15 0 . 8 8 7  3 . 37 
- s o  223 . 15 0 . 74 4  2 . 8 3 
- 4 0  2 33 . 15 0 . 6 37 2 . 4 2  
- 30 2 4 3 . 15 0 . 558  2 . 12 

The compiler added the Kelvin temperatures . 

The compiler calculated the mole fraction solubility 
values at 7 6 0  mmHg assuming Henry ' s  law is  obeyed . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The solvent was degas sed by vacuum. ( 1 )  Methane . Source not given . 

607 

A thin layer of  alcohol , cooled to 
125-175 K ,  was kept for 2 0  h in a 
vacuum maintained at l0- 3 mmHg .  

Purity by chromatographic method 
was 9 9 . 7 8  percent . 

The degassed liquid was sealed 
under vacuum in an ampule which was 
placed in the apparatus . The appara
tus consisted o f  a manostat , a mer
cury compensator , and a solubility 
cell divided by a mercury seal . A 
gas pressure of 2 0 0  mmHg and the 
temperature were established. The 
foil ends of the ampule were pierced . 
The gas dissolved as the liquid 
flowed through a series of small 
cups . The amount of gas dissolved was 

( 2 )  1-Propanol . Purified and 
analyzed in the All-Union Sci . 
Res . Inst .  for Single Crystals 
and High-Purity Substances .  
Purity 9 9 . 97 weight percent.  

ESTIMATED ERROR: 
oT/K = ± 0 . 0 5 

op 1/mmHg = ± o . o 1 
ox1/x1 = ± 0 . 0 0 5  

measured by the rise in mercury level �����----------------------------� 
in the compensator . REFERENCES : 

Some measurements were made at 4 0 0  
mmHg gas pressure . The results con
firmed that Henry ' s  law was obeyed. 



608 Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH 4 ; [ 7 4-82-8 ]  Ben-Naim , A . ; Yaacobi , H .  

2 .  1-Propanol ;  C sH 8 0 ;  [ 71-2 3 - 8 ]  J .  Phy s .  Chern . 1974, 78, 175-8  

VARIABLES :  PREPARED BY : 

Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
* 

Ostwald coefficient, Hole fraction+ at 
partial pressure 
of 101 . 3  kPa ,  xCH4 

2 8 3 . 15 
2 8 8 . 15 
29 3 . 15 
2 9 8 . 1 5 
3 0 3 . 15 

L 

0 . 5417  
0 . 5 2 8 2  
0 . 5174  
0 . 5 0 9 0  
0 . 5 0 2 9  

0 .  00172  
0 . 00166  
0 . 00161  
0 . 00156 
0 . 0 0152  

* Smoothed values obtained from the equation.  

kT ln L = 4 , 37 8 . 1 - 2 9 . 02 8  (T/K) + 0 . 0 4 3 6 1  ( T/K) 2 cal mol- 1 
where k is in units of cal mo l- 1 K- 1 

+ calculated by compiler assuming the ideal gas law for 
methane . 

AUXI LIARY I N FORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It  consi sts 
of three main parts , a dissolution 
cell of 300 to 600  cm3 capacity , 
a gas volume measuring column , and 
a manometer . The solvent is 
degas sed in the dissolution cel l ,  
the gas i s  introduced and dis solved 
while the liquid is kept stirred 
by a magne tic stirrer immersed in 
the water bath . Dissolution of the 
gas results in the change in the 
height of a column of mercury which 
is measured by a cathetometer . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Hatheson sample , purity 9 9 . 9 7 
mol per cent . 

2 .  CP grade . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ; oxCH 4 = ± 2 %  
(estimated b y  compiler) 

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , s .  

Trans . Faraday Bo a .  1963, 59, 
2735 . 

2 .  r7en ,  vl . -Y . ; Hung , J . H .  
J.  Phy s .  Chem . l970 , 74 ,  1 7 0 . 



Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS : 

l .  Methane ; CH4 ; [ 74 - 8 2- 8 ]  

2 .  1-Propanol ; c 3 H 8 0 ;  [ 7 1- 2 3 - 8 ]  

ORIGINAL MEASQREMENTS : 

Makranc zy , J . ; Rus z ,  L . ;  
Balog-Megyery , K .  

609 

Hung . J. Ind. Chern. 1 9 7 9 ,  7, 4 1- 6 . 

VARIABLES :  PREPARED BY : 

C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/kPa Ostwald 
coefficient 

Mole fraction 
of methane* , 

XCH4 

2 9 8 . 15 1 0 1 . 3  0 . 5 8 9  0 . 0 0 1 8 1  

* calculated by compiler 

AUXILIARY INFORNATION 

METHOD /APPARATUS /PROCEDURE : 

Apparently the volumetric 
apparatus described in ref . { 1 )  

was modified for use at 
temperatures above 0 ° C .  The 
apparatus was designed to be 
operated at a partial pressure 
of sulfur dioxide of 7 6 0  torr . 

SOURCE AND PURITY OF NATERIALS : 

- No details given . 

ESTINATED ERROR: 

= ± 3 %  

REFERENCES : 

1 .  Bodor , E . ; Bor , Gy . ;  Mohai , B . ; 
S ipos , G .  
Ves zprerni Vegy ip .  Egy . Ko z Z .  
1 9 5 7 , 1 ,  55 . 
Chern. Abstr .  1 9 6 1 , 5 5 ,  3 175h 



6 1 0  Alkanols:  Pressure up t o  0.2 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
(1 )  Methane � CH4 � ( 7 4 - 8 2 - 8 ) 

( 2 )  2-Propanol or isopropyl alcohol ; 
C3H70H ; [ 67 - 6 3 - 0 ]  

VARIABLES : 

T/K = 2 9 4 . 6 5 - 313 . 15 
p 1 /kPa = 101 . 3  ( 1  atm) 

EXPERIMENTAL VALUES : 

McDaniel , A .  S .  

J .  Phy s . Chem . !2!!1 1 5 ,  5 8 7- 6 1 0 . 

PREPARED BY : 

H .  L .  Clever 

Temperature 

t/ ° C  T/K 

Mol Fraction 

1 0 3.1:' 1 

Bunsen 
Coefficienta 

a. 

Ostwald 
Coefficientb 

L/cm3 cm- 3 
--
21 . 5  294 . 65 
2 5 . 0  2 9 8 . 15 
2 9 . 9  3 0 3 . 0 5 
4 0 . 0  313 . 15 

1 . 4 6  
1 . 44 
1 . 4 1  
1 . 34 

0 . 4 2 7 5  
0 . 4 2 0 0  
0 . 4 0 8 1  
0 . 3 8 3 7  

0 . 4 62 0  
0 . 4 5 8 5C 
0 . 4 532  
0 . 4 4 0 0  

aBunsen coefficient , a./cm3 ( STP) cm- 3 atm- 1 • 
bListed as absorption coefficient in the original paper . 

Interpreted to be equivalent to Ostwald coefficient by compiler . 

costwald coefficient ( absorption coefficient) estimated as 
2 9 8 . 15 K value by author . 

dMole fraction and Bunsen coefficient values calculated by 
compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDenie1 ' s  data should be used with caution . 
His values are often 20 percent or more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The apparatus is all glass . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boil ing under reduced 
pressure . Gas pressure or volume is 
adj usted using mercury displacement . 
Equilibration is achieved at atm 
pressure by hand shaking , and incre
mentally adding gas to the contactin9 
chamber . Solubility measured by 
obtaining total uptake of gas by 
known volume of the solvent. 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Prepared by reaction 
of methyl iodide with z inc
copper . Passed through water 
and sulfuric acid . 

( 2 )  2-Propanol . Source not given . 

ESTIMATED ERROR: 

& L/L > - 0 . 20 

REFERENCES : 



Alkanols:  Pressure u p  to 0.2 M Pa 

COMPONENTS : 

( 1 )  Methane ; cH4 ; [7 4 - 8 2-8 ] 

( 2 )  1-Butanol ; c4 H90H ; [ 7 1- 3 6-3 ]  

VARIABLES : 
T/K : 

P/kPa : 
2 9 8 . 15 ,  3 0 8 . 15 
101 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

1 0 4 x 1 

2 9 8 . 15 19 . 1  

3 0 8 . 15 18 . 2  

ORIGINAL MEASUREMENTS : 

Boyer , F . L . ; Bircher , L .  J .  

J.  Phy s .  Chern .  1 9 6 0 , 6 4 , 
1 3 3 0  - 1 3 3 1 . 

PREPARED BY : 

Bunsen 
Coefficient 1 

(l 

0 . 4 6 6  

0 . 4 4 3  

M .  E .  Derrick 
H .  L. Clever 

Ostwald 
Coefficient 

L/cm 3 em - 3  

0 . 50 9  ± 0 . 00 2  

0 . 5 0 0  ± 0 . 0 05  

The Bunsen coefficients were calculated by the compiler . 

The mole fraction solubilities were taken from Boyer ' s  thesis ( 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubility and the number of normal alcohol carbon numbers . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

61 1 

A commercial Van S lyke blood gas 
apparatus ( E .  H .  Sargent co . )  was 
modified by the authors . 

( 1 )  Methane . Phillips Petroleum Co . 

The total pressure of the gas and 
the solvent vapor in the solution 
chamber was adj usted to a pressure 
of one atm . The pressure was main
tained at one atm during the solution 
process . The saturated solution was 
transferred to a bulb below the lower 

Stated to be 99 . 9  mol per cent . 

( 2 )  1-Butanol . Source not given . 
Treated by standard methods to 
remove aldehydes and ketone s , 
then dried and distilled .  

stopcock o f  the extraction vessel and �������
------------------------� sealed off . The gas and solvent ESTIMATED ERROR: 

vapor were then brought to volume o T/K = ± 0 . 01 
over mercury . See ( 2 )  for details 3 o L/cm = ± 0 ,  0 0 2  ( at 2 9 8  . 15) of the extraction procedure . 

± o . 0 05  ( at 3 0 8 . 15) 

REFERENCES : 
1 .  Boyer , F .  L . , Ph . D .  thesi s ,  1 9 5 9  

Vanderbilt Univ . , Nashville , � 

2 .  Peters , J . P . ; Van Slyke , D .  D .  
Quantitative  C Z in i a a Z  Chemi s try 
Baltimore , MD , 1 9 3 2 , Volume II . 



6 1 2  Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4- 8 2- 8 ]  Ben-Naim, A . ; Yaacobi , M .  

2 .  1-Butanol ;  C , Ht o O ;  [ 71-36-3 ]  J .  Phys . Chem.  1 9 7 4 , 7 8 , 175-8  

VARIABLES : PREPARED BY : 

Temperature ,  C . L .  Young 

EXPERIMENTAL VALUES :  

T/K 
* 

Ostwald coefficient , Mole fraction+ at 
partial pressure 
of 10 1 . 3  kPa , xCH, 

283 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 1 5 
303 . 1 5 

L 

0 . 5194  
0 .  5115 
0 . 5016  
0 . 4 8 9 8  
o .  4 7 6 5  

0 . 0 0 2 0 3  
0 . 00197  
0 . 00191  
0 . 0018 4 
0 . 00177  

* Smoothed values obtained from the equation . 

kT ln L =-4 , 0 9 0 . 4  + 29 , 0 65 (T/K } - 0 . 05623  (T/K} 2 cal mol- 1 
where k is in units of cal mo l- 1  K- 1 

+ calculated by compiler assuming the ideal gas law for 
methane . 

AUXILIARY INFOIU-IATION 

METHOD /AP PARATUS /PROCEDURE : 

The apparatus was s imilar to that 
described by Ben-Naim and Baer ( 1 }  
and Wen and Hung ( 2 } . It  consists 
of three main parts , a dissolution 
cell of 300 to 600  cm3 capacity ,  a 
gas volume measuring column , and 
a manometer . The solvent is 
degassed in the dissolution cell , the 
gas is introduced and dissolved 
while the liquid is kept stirred by 
a magnetic stirrer immersed in the 
water bath. Dissolution of the gas 
results in the change in the height 
of a column of mercury which is 
measured by a cathetometer . 

SOURCE AND PURITY OF MATERI ALS : 

1 .  Matheson sample , purity 9 9 . 9 7 
mol per cent . 

2 .  AR grade . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oxCH, 
= ± 2 %  

(estimated by compiler} • 

REFEREN CES : 

1 .  Ben-Naim, A . ; Baer , s .  
T�ans . Fa�aday Bo a .  1963, 59,  
2735 . 

2 .  Wen , W . -Y . ; Hung , J . H .  
J .  Phy s .  Chem.  1970, 74,  1 7 0  



Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS : 

l .  Methane ; CHI+ ; [ 7 4 - 8 2- 8 ]  

2 .  !-Butanol ;  C I+H 1 0 o ;  [ 71 - 3 6- 3 ]  

ORIGINAL MEASUREMENTS : 

Makranczy , J . ; Rus z ,  L . ; 
Balog-Megyery , K .  

613  

Hung . J .  Ind. Chem.  1 9 7 9, 7,  4 1 - 6  

VARIABLES :  PREPARED BY : 

C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/kPa Ostwald 
coefficient 

Mole fraction 
of methane * , 

X CH I+ 

2 9 8 . 1 5 1 0 1 . 3  0 . 5 4 6  0 . 0 0 2 0 5  

* calculated by compiler 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Apparently the volumetric 
apparatus described in ref .  ( 1 )  

was modified for use at 
temperatures above 0 ° C .  The 
apparatus was designed to be 
operated at a partial pressure 
of sulfur dioxide of 7 6 0  torr . 

SOURCE AND PURITY OF MATERIALS : 

No details given 

ESTIMATED ERROR: 

= ± 3% 

REFERENCES : 
l .  Bodor , E .  ; Bor , Gy . ; Mohai , B .  ; 

S ipos , G .  
Ves zpremi Vegyip . Egy .  Ko z Z .  
1 9 5 7 , 1 ,  5 5 . 
Chem. Abs tr. 1 9 6 1 ,  5 5 ,  3175h 



6 1 4  Alkanols: Pressure u p  t o  0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 74-82-8 ] Winkler , L .  w. 

( 2 )  2-Methyl-1-propanol or isobutyl 
alcohol ; c4H10o ;  [ 7 8-83-1]  

z .  Angew . Chem . 1916,  2 9 ,  I ,  218 - 2 0 .  

VARIABLES : PREPARED BY : 

H .  L .  Clever 

EXPERIMENTAL VALUES : 

The author states that the absorption coefficient 

of methane in isobutyl alcohol at room temperature 

in near 1/3 . Compared to methane solubil ity values 

in other alcohols the value appears to be too small 

and is classed as doubtful .  The small value may be 

due to water in the alcohol . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

No information . No information . 

ESTIMATED ERROR: 

REFERENCES : 



Alka nols: Pressure up to 0.2 M Pa 

COMPONENTS : 

( 1 )  Methane ; CH
4

; [ 7 4 - 8 2-B ] 

( 2 )  1-Pentanol or amyl alcoho l ; 
c5H11oH ; [ 7 1- 4 1 - 0 ]  

VARIABLES :  
T/K = 2 9 5 . 1 5 - 3 0 3 . 2 5 

p1 /kPa = 1 0 1 . 3  (1 atm) 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction 

ORIGINAL MEASUREMENTS : 
McDaniel , A .  s .  

J .  Phy s . Chern . 1 9 11 , 1 5 ,  5 8 7 - 61 0 . 

PREPARED BY : 

H .  L .  Clever 

Bunsen a Coeffic ient 
Ostwald b Coeffic ient 

tf OC T/K 10 3 x 1 a L/cm3 cm- 3 
--

2 2 , 0  2 9 5 . 1 5  2 . 0 2  0 . 4 1 9 6  0 . 4 53 2  
2 5 . 0  298 . 1 5 1 . 9 9 0 . 4 1 2 3  0 . 4 5 0 0c 

3 0 . 1  3 0 3 . 2 5 1 . 9 5 0 . 4 0 0 2  0 . 4 4 4 4  

aBunsen coefficient , a./cm3 ( STP) cm- 3 atm- 1 • 

bListed as absorption coeffic ient in the original paper . 
Interpreted to be equivalent to Ostwald coefficient by compiler . 

cOstwald coeffic ient ( absorption coeffic ient) estimated as 
2 9 8 . 1 5  K value by autho r .  

dMole fraction and Bunsen coefficient values calculated by 
compiler assuming ideal gas behavior . 

EVALUATOR ' S  COMMENT : McDaniel ' s  data should be used with cautio n .  
His values are o ften 2 0  percent o r  more too small when compared 
with more reliable data . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus is all gla s s . It con
sists of a gas buret connected to a 
contacting vessel . The solvent is 
degassed by boil ing under reduced 
pressure . Gas pressure or volume 
is adjusted using mercury displace
ment . Equil ibration is achieved at 
atm pressure by hand shaking , and 
incrementally adding gas to the 
contacting chamber . Solubility 
measured by obtaining total uptake 
of gas by known volume of the 
solvent . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by reaction 

of methyl iodide with z inc
copper , Passed through water 
and sulfuric acid . 

( 2 )  1-Pentanol . Source not given . 

ESTIMATED ERROR: 

cS L/L > - 0 , 2 0 

REFERENCES : 

6 1 5  



6 1 6  Alkanols :  Pressure up t o  0.2 M Pa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2-8 ] 

{ 2 )  1-Pentanol ;  c5H11oH ; [ 7 1-4 1 - 0 ]  

VARIABLES :  
T/K :  

P/kPa : 
2 9 8 . 15 ,  3 0 8 . 15 
1 01 . 32 5  { 1  atm) 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 

3 0 8 . 15 

Mol Fraction 

1 0 4x 1 

21 . 5  

2 1 . 1  

ORIGINAL MEASUREMENTS : 
Boyer , F .  L . ; Bircher , L .  J .  

J.  Phy s .  Chern .  1 9 6 0 ,  6 4 , 
1 3 3 0  - 1 3 3 1 .  

PRE PARED BY : 

Bunsen 
Coefficient 1 

a 

0 . 4 4 2  

0 . 4 2 9  

M .  E .  Derrick 
H .  L. Clever 

Ostwald 
Coefficient 

L/cm 3 -3 em 

0 . 4 8 3  ± 0 . 0 0 5  

0 . 4 8 4  ± 0 . 01 0  

The Bunsen coefficients were calculated by the compiler . 

The mole fraction solubi lities were taken from Boyer ' s  thesis { 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubil ity and the number of normal alcohol carbon numbers .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A commercial Van S lyke blood gas 
apparatus { E .  H .  Sargent Co . )  was 
modified by the authors .  

SOURCE AND PURITY OF MATERIALS : 
{ 1 )  l-Ie thane . Phillips Petroleum Co . 

Stated to be 9 9 . 9  mol per cent . 

{ 2 )  1-Pentanol . Source not given . 
Treated by standard methods to 
remove aldehydes and ketones ,  
then dried and distilled . 

= ± 
= ± 

± 

REFERENCES : 

1 .  Boyer , F .  L . , Ph . D .  thesis , 1 9 5 9  
Vanderbilt Univ . , Nashville , � 

2 .  Peters , J .  P . ; Van S lyke , D .  D .  
Quanti tative Ctiniaa t Chemi s t�y 
Baltimore , MD , 19 3 2 ,  Volume II . 



Alkanols :  Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane:  CH4 :  [ 7 4 - 8 2 - 8 ]  Ben-Naim ; A . ; Yaacobi , M .  

2 .  1-Pentanol ;  C 5 H 1 20 ;  [ 7 1-4 1- 0 ]  J .  Phys . Chern .  1 9 7 4 , 7 8 ,  1 7 5 - 8 . 

VARIABLES :  PREPARED BY : 
Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
* 

Ostwald coefficient , Mole fraction+ at 
partial pressure 
of 10 1 . 3  kPa ,  xCH 4 

2 8 3 . 1 5 
2 8 8 . 1 5 
2 9 3 . 1 5 
2 9 8 . 1 5 
3 0 3 . 1 5 

L 

0 . 4 9 2 5  
0 . 4 8 4 3  
0 . 4 7 6 0  
0 . 4 6 7 6  
0 . 4 5 9 2  

0 . 0 0 2 2 7  
0 . 0 0 2 2 0  
0 . 0 0 2 14 
0 . 0 0 2 0 7  
0 . 0 0 2 0 2  

* Smoothed values obtained from the equation 

kT ln L = - 3 9 0 . 8  + 3 . 2 3 0  (T/K) - 0 . 0 1 1 5 0  (T/K) 2 cal mol- 1 
where k i s  in units of cal mol- 1 K- 1 

+ calculated by compiler assuming the ideal gas law for 
methane . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus was s imilar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It consists 
of three main parts , a disso lution 
cell of 3 0 0  to 6 0 0  cm3 capacity , 
a gas volume measuring column , and 
a manometer . The solvent is 
degassed in the dis solution cell , 
the gas is introduced and dissolved 
whicle the liquid is kept stirred 
by a magnetic stirrer immersed in 
the water bath. Dissolution of the 
gas results in the change in the 
height of a column of mercury which 
is measured by a cathetometer .  

SOURCE AND PURITY O F  MATERIALS : 

1 .  Hatheson sample , purity 9 9 . 9  
mol per cent . 

2 .  AR grade . 

ESTIMATED ERROR: 

o T/K = ± O . l ;  oxcH4 = ± 2 %  

(estimated b y  compiler) • 

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , s .  
Trans .  Faraday Soa .  1 9 6 3 , 5 9 ,  
2 7 3 5 .  

2 .  Wen , W . -Y . ; Hung , J . H . 
J .  Phys . Che rn .  1 9 7 0 , 7 4 , 170 
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6 1 8  Alkanols: Pressure u p  to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ]  

2 .  1-Pentanol ;  C 5 H 1 2o;  [ 7 1-41-0]  
or 

1-Hexano l ;  c 6 H 1 40; [ 1 11-27-3]  

VARIABLES : 

EXPERIMENTAL VALUES : 

Makranczy , J . ;  Rus z ,  L . ; 
Balog-Megyery , K .  

Hung . J .  Ind. Chern.  1979,  7, 41-6 

PREPARED BY : 

C . L .  Young 

T/K P/kPa Ostwald 
coefficient 

Mole fraction of 
methane * , xCH4 

1-Pentanol 

2 9 8 . 1 5 10 1 . 3  0 . 513 0 . 0 0 2 2 7  

1-Hexanol 

29 8 . 1 5 101 . 3  0 . 491  0 . 0 0 2 5 1  

* calculated by compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Apparently the volumetric No details given 
apparatus described in ref .  { 1 )  
was modified for use at 
temperatures above 0 °C .  The 
apparatus was des igned to be 
operated at a partial pre ssure 
of sulfur dioxide of 7 6 0  torr . 

ESTIMATED ERROR: 

= ± 3 %  

REFERENCES : 
1 .  Bodor , E . ; Bor , Gy . ;  Mohai , B . ; 

Sipos , G .  
Ve s zprerni Vegyip . Egy . Ko z Z . 
1 9 5 7 ,  1 , 5 5 .  
Chern. Abs tr .  1 9 6 1 ,  5 5 , 3175h 



Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-8 2-8 ] 

( 2 )  3-Methyl-1-butanol :  c 5u12o :  
[ 1 2 3-51- 3 ]  

VARIABLES : 
T/K = 

p/kPa = 

EXPERIMENTAL VALUES : 

2 85 . 7  
101 . 3  

Temperature 

12 . 5  2 8 5 . 7 

ORIGINAL MEASUREMENTS : 

Friedel , C . ; Gorgeu , A .  

Comp t .  rendu 1 9 0 8 ,  1 2 ? ,  590-4 . 

PREPARED BY : 

Pressure 

p/m 

0 . 7 6 0  

H .  L .  Clever 

Solubility 
Volume Methane/ 

Volume Alcohol 

0 . 5  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Prepared by authors 
by the decomposition of 
dimethyl mercury . 

61 9 

In the original paper the alcohol 
was named simply amyl alcohol . How
ever , the boiling point corresponds 
to the alcohol later named primary 
isoamyl alcohol or 3-methyl-1-butanol ( 2 )  3-Methyl-1-butanol .  Prepared by 

the authors . Boiling point 130-
1 3 2  ° C .  

ESTIMATED ERROR: 

REFERENCES : 



620 Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-8 2-8 ] 

( 2 )  1-Hexanol ;  c6H13oH ; [1 11-27-3 ]  

VARIABLES : 
T/K : 2 9 8 . 15 

P/kPa : 101 . 32 5  ( 1  atrn) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Boyer , F .  L . ; Bircher , L .  J .  
J .  Phy s . Chern.  1960 , 6 4 , 
1330  - 1331 . 

PREPARED BY : 
M .  E .  Derrick 
H. L .  Clever 

T/K Hol Fraction Bunsen Ostwald 
Coeffic ient 

3 -3 L/crn ern 
Coefficient 1 

l O �x a 1 
2 9 8 . 15 2 3 . 7  0 . 42 5  0 . 4 6 4 ± 0 . 0 0 2  

The Bunsen coeff icient was calculated by the compiler . 

The mole fraction solubility was taken from Boyer ' s  thesis ( 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubility and the number of normal alcohol carbon numbers .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A commercial Van Slyke blood gas 
apparatus (E . H .  Sargent Co . )  was 
modified by the authors . 

The total pressure of the gas and 
the solvent vapor in the solution 
chamber was adj usted to a pressure 
of one atm . The pres sure was main
tained at one atrn during the solution 
proce ss . The saturated so lution was 
transferred to a bulb below the lower 
stopcock of the extraction vessel and 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Phillips Petroleum Co . 

Stated to be 9 9 . 9  mol per cent . 

( 2 )  1-Hexanol .  Source not given . 
Treated by standard methods to 
remove aldehydes and ketones , 
then dried and distilled . 

sealed off . The gas and solvent r.
E�S�T�I�MA�T�E�D�E�R-RO�R-=

------------------------� 
vapor were then brought to volume 
over mercury . See ( 2 )  for details of o T/K = ± 0 . 01 
the extraction procedure . 3 o L/crn = ± 0 . 002 

REFERENCES : 
1 .  Boyer , F .  L . , Ph . D .  thesis , 1959  

Vanderbilt Univ . , Nashville , �  

2 .  Peters , J .  P . ; Van Slyke , D .  D .  
Quan ti tative CZiniaaZ Chemis try 
Baltimore , MD , 1932 , Volume II . 



Alkanols :  Pressure up to 0.2 MPa 

COMPONENTS: ORIGINAL MEASUREMENTS: 

1 .  Hethane ; CH � ; [ 7 4 - 8 2 - 8 ]  Ben-Naim , A . ; Yaacobi , H .  

2 .  1-Hexanol ; C 6 H 1 � 0 ;  [ 111- 2 7 - 3 ]  J.  Phys . Chern .  1 9 7 4 , ? 8 ,  1 7 5 - 8  

VARIABLES : PREPARED BY : 
Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
* Ostwald coefficient,  Hole fraction+ at 

partial pressure 
of 1 01 . 3  kPa , xCH� 

2 8 3 . 15 
2 8 8 . 1 5 
2 9 3 . 1 5 
2 9 8 . 1 5 
3 0 3 . 1 5 

L 

0 .  4 7 2 7  
0 . 4 6 2 2  
0 . 4 5 3 5  
0 . 4 6 6 3  
0 . 4 4 0 4  

0 . 0 0 2 5 1  
0 . 0 0 2 4 2  
0 . 0 0 2 3 5  
0 . 0 0 2 2 8  
0 . 0 0 2 2 2  

* Smoothed values obtained from the eouation . 

kT ln L = 3 . 0 87 . 6 - 2 0 . 5 9 1 (T/K) + 0 . 0 2 8 9 5  (T/K) 2 cal mol- 1 
where k is in units of cal mol- 1 K- 1 

+ calculated by compiler assuming the ideal gas law for 
methane . 

AUXILIARY INFORHATION 

METHOD /APPARATUS/PROCEDURE : 

The apparatus was s imilar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It consists 
of three main parts , a dissolution 
cell of 3 0 0  to 6 0 0  cm3 capacity , a 
gas volume measuring column , and a 
manometer . The solvent is degassed 
in the dissolution cel l ,  the gas 
is introduced and di ssolved whi le 
the liquid is kept stirred by a 
magnetic stirrer immersed in the 
water bath .  Dissolution of the gas 
results in the change in the height 
of a column of mercury which i s  
measured b y  a cathetometer . 

SOURCE AND PURITY OF �!ATERIALS : 

1 .  Hatheson sample , purity 9 9 . 9 7 
mol per cent . 

2 .  AR grade . 

ESTI�TED ERROR: 

o T/K = ± 0 . 1 ;  oxCH � = ± 2 %  

(estimated b y  compiler) 

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , s .  

Trans .  Faraday So a .  1 9 6 3 , 5 9 ,  
2 7 3 5 . 

2 .  Wen , W . -Y . ; Hung , J . H .  
J .  Phy s .  Chern. 1 9 7 0, ? 4 , 1 7 0 . 
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622 Alkanols:  Pressure up to 0.2 M Pa 

COMPONENTS : 
( 1 )  He thane ; CH4 ; [ 7  4 -8 2 -8 ] 

( 2 )  1-Heptanol ;  c7H15oH ; [ 111-7 0 -6]  

VARIABLES :  
T/K : 2 9 8 . 1 5 

P/kPa : 10 1 . 3 2 5  (1  atm) 

ORIGINAL MEASUREMENTS : 
Boyer , F .  L . ; Bircher , L .  J .  

J.  Phy s .  Chern.  1960 , 64 , 
1330  - 13 31 . 

PREPARED BY : H. E .  Derrick 
H. L. Clever 

EXPERIMENTAL VAL�U�E�S�=---------------------------------------------------
T/K Hol Fraction Bunsen Ostwald 

Coeffic ient Coefficient 1 
10 4 x a 1 L/cm3 cm-3 

2 9 8 . 1 5 2 6 . 0  0 . 4 10 0 . 4 48  ± 0 . 004  

The Bunsen coeff icient was calculated by the compiler . 

The mole fraction solubility was taken from Boyer ' s  thesis ( 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubility and the number of normal alcohol carbon numbers . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A commercial Van Slyke blood gas 
apparatus ( E .  H. Sargent Co . )  was 
modified by the authors .  

The total pressure of the gas and 
the solvent vapor in the solution 
chamber was ad justed to a pressure 
of one atm .  The pressure was main
tained at one atm during the solution 
proces s .  The saturated solution was 
transferred to a bulb below the lower 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Hethane . Phillips Petroleum Co . 

Stated to be 99 . 9  mol per cent . 

( 2 )  1-Heptanol .  Source not given . 
Treated by standard methods to 
remove aldehydes and ketones , 
then dried and distilled . 

stopcock of the extraction vessel and 
sealed off . The gas and solvent r

E�S�T�I-MA�TE�D
--

E-R-RO_R_:------------------------� 
vapor were then brought to volume 
over mercury . See ( 2 )  for details o T/K = ± 0 . 0 1 
of the extraction procedure . 3 o L/cm = ± 0 . 0 04 

REFERENCES : 
1 .  Boyer , F .  L . , Ph . D .  thes is , 1959  

Vanderbilt Univ . , Nashville , �  

2 .  Peters , J .  P . ; Van Slyke , D .  D .  
Quantitative CZiniaa Z Chemis try 
Baltimore , MD , 1932 , Volume II . 



Alkanols:  Pressure up to 0.2 M Pa 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 7 4 - 8 2- 8 ]  

ORIGINAL MEASUREMENTS : 

Makranczy , J . ; Rus z ,  L . ; 
Balog-Megyery , K .  

623 

2 .  1-Heptanol ; C7H 1 6o;  [ 111- 7 0-6 ]  
or Hun g .  J . Ind.  Chern .  1 9 7 9 ,  7, 4 1- 6 .  

1-0ctanol ; C 8 H 1 8o;  [ 111- 87 - 5 ]  

VARIABLES : PREPARED BY : 

C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 

2 9 8 . 15 

P/kPa 

101 . 3  

1 01 . 3  

Ostwald 
coefficient 

1-Heptanol 

0 . 4 6 9  

1-0ctanol 

0 • 6 3 3+ ( 0 • 4 5 8 )  

Mole fraction 
of methane* , 

xCH4 

0 . 0 0 2 7 1  

0 . 0 0 4 0 8+ ( 0 . 002 9 6 )  
+ appears to b e  an error i n  original table , 

probable value given in parentheses . 
* calculated by compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

M-U 

Apparently the volumetric 
apparatus described in ref .  ( 1 ) 

was modified for use at 
temperatures above 0 ° C .  The 
apparatus was designed to be 
operated at a partial pressure 
of sulfur dioxide of 7 6 0  torr . 

No details given . 

ESTIMATED ERROR: 

= ± 3 %  

REFERENCES : 

1 .  Bader , E . ; Bar , Gy . ;  Mohai , B .  
Sipos , G .  
Vea zp�erni Vegyip .  Egy . Koz Z .  
1957 , 1 , 5 5 .  
Chern. Abet� .  1 9 6 1 ,  5 5 , 3 17 5h 



624 Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-8 2-8 ] 

( 2 )  1-0ctanol ; c8 H17oH ; [1 11-8 7-5 ]  

VARIABLES : 
T/K : 2 9 8 . 1 5 ,  3 0 8 . 1 5 

P/kPa : 10 1 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 
Mol Fraction 

ORIGINAL MEASUREMENTS : 
Boyer , F .  L . ; Bircher , L .  J .  

J .  Phys . Ch em . 1960 , 64 , 
1 3 3 0  - 13 31 . 

PREPARED BY : 

Bunsen 

M. E .  Derrick 
H .  L .  Clever 

Ostwald T/K 
Coefficient 1 Coeffic ient 

l O�
x L/cm 3 -3 

1 a em 

2 9 8 . 15 28 . 4  0 . 3 9 9  0 . 4 3 6  ± 0 . 0 0 4  

3 0 8 . 15 26 . 4  0 .  372  0 . 4 2 0  ± 0 . 005  

The Bunsen coefficients were calcula ted by the compiler . 

The mole fraction solubilities were taken from Boyer ' s  thesis ( 1 ) . 

See the methanol data sheet for the equations relating the mole fraction 
solubility and the number of norma l alcohol carbon number s .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A commercial Van Slyke blood gas 
apparatus (E . H .  Sargent Co . )  was 
modified by the authors . 

The total pressure of the gas and 
the solvent vapor in the solution 
chamber was adjusted to a pressure 
of one atm . The pre ssure was main
tained at one atm during the solution 
process . The saturated solution was 
transferred to a bulb below the lower 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Phillips Petroleum Co . 

Stated to be 9 9 . 9  mol per cent . 

( 2 )  1-0ctanol . Source not given . 
Treated by standard methods to 
remove aldehydes and ketones , 
then dried and distilled . 

stopcock of the extraction vessel and 
sealed off . The gas and solvent �������------------------------------------� ESTIMATED ERROR: 
vapor were then brought to volume 
over mercury . See ( 2 )  for details 
of the extraction procedure . 

o T/K = 

oL/cm 3 = 

REFERENCES : 

± 
± 
± 

0 . 01 
0 . 0 0 4  
0 . 0 0 5  

( a t  2 9 8 . 1 5 )  
(at 3 0 8 . 1 5 )  

1 .  Boyer , F .  L . , Ph . D .  thesis , 1 9 5 9  
Vanderbilt Univ . , Nashville , �  

2 .  Peters , J .  P . ; Van Slyke , D .  D .  
Quantitative CZiniaa Z Chemist�y 
Baltimore , HD, 1932 , Volume I I . 



Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane : CH

4
: [ 7 4 - 8 2-8 ] Wilcock , R .  J . : Battino , R . : 

Danforth , w .  F . ; Wilhelm , E .  
( 2 )  1-0ctanol ;  c8

H
17

oH ; [111-8 7 - 5 ] 
J .  Chern .  Thermody n .  1 9 7 8 , 1 0 ,  
8 1 7  - 8 2 2 . 

VARIABLES :  PREPARED BY : 
T/K : 

p/kPa : 
2 8 3 . 2 3 - 3 1 3 . 4 6  
1 01 . 3 2 5  ( 1  atm) H .  L .  Clever 

EXPERIMENTAL VALUES : 
T/K 

2 8 3 . 2 3 
2 9 8 . 0 8 
3 1 3 . 4 6  

Mol Fraction 

1 0 3 x 1 
2 . 9 9 2  
2 . 6 8 7  
2 . 5 4 8  

Bunsen 
Coefficient 

a/cm3 ( STP ) em- s atm- 1 

0 . 4 2 9 2  
0 . 3 8 0 7  
0 . 3 5 6 2  

Ostwald 
Coefficient 

L/cm3 cm- 3 

0 . 4 4 5 0  
0 . 4154 
0 . 4 0 8 8  

The Bunsen coefficients were calculated by the compiler . 
It is assumed that the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 2 8 3 . 1 5 to 3 1 3 . 1 5 K 

ln x1 = - 7 . 4 9 10 + 4 . 7 3 3 5/ ( T/l OOK ) 

The standard error about the regression l ine is 5 . 4 6 x 1 0- 5 • 

T/K Mol Fraction 

2 8 3 . 1 5 
2 9 3 . 15 
2 9 8 . 1 5 
3 0 3 . 1 5 
3 1 3 . 1 5 

1 0 3 x 1 
2 . 9 7 0  
2 . 8 0 5  
2 . 7 3 0  
2 . 6 6 0  
2 . 5 3 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . ,  Inc . 

Minimum mole per cent purity 
stated to be 9 9 . 9 7 .  

625 

The solubility apparatus is based on 
the design of Morrison and Billett 
( 1 )  and the version used is described 

by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhof , 
Bogan , and Wilhelm ( 3 ) . 

( 2 )  1-0ctanol . Eastman Organic 
Chemicals . Distilled, density at 
2 9 8 . 1 5 K, p� cm- 3 0 . 8 24 7 .  

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid is about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently appl ied 
through a liquid N2 trap until the 
permanent gas residual pressure 
drops to 5 microns . 

Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one 
atm. The volume of gas absorbed is 
found by difference between the 
initial and final volumes in the 
buret system . The solvent is col
lected in a tared flask and weighed . 

ESTIMATED ERROR : 
o T/K = 0 . 02 

o P/mmHg = 0 . 5  
o x1 /x1 = 0 . 0 1 

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern .  Boa .  1 9 4 8 , 2 0 3 3 . 

2 .  Battino , R . ; Evans , F .  D . ; 
Danforth , w .  F .  
J .  Am . Oi Z Chern .  Boa .  1 9 6 8 , 
4 5 , 8 3 0 .  

3 .  Battino , R . ; Banzhof , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana Z .  Chern .  1 9 7 1 ,  4 3 ,  8 0 6 .  



626 Alkanols: Pressure u p  to 0.2 MPa 

COMPONENTS : ORIGINAL MEAS UREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-82- 8 ]  
2 .  1-Nonanol ;  C 9 H 2 0 o ;  [ 143-08-8 ] 

Makranc zy , J . ;  Rus z ,  L . ; 
Balog-Megyery , K .  

or 
1-Decanol ;  c 1 0 H 2 2 0 ;  [ 112-30-1] Hung . J.  Ind. Chern.  1 9 7 9, 7,  4 1-6 . 

VARIABLES :  PREPARED BY : 
C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/kPa Ostwald Mole fraction 
coefficient of methane * I 

X
CH 4 

1-Nonanol 

29 8 . 15 10 1 . 3  0 . 4 4 8  0 . 00319 

1-Decanol 

2 9 8 . 1 5 101 . 3  0 . 4 37 0 . 00 341 

* calculated by compiler 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATE RIALS : 

Apparently the volumetric No details given 
apparatus described in ref . { 1 )  
was modi fied for use at 
temperatures above 0 °C .  The 
apparatus was designed to be 
operated at a partial pressure 
of sulfur dioxide of 760 torr . 

ESTIMATED ERROR: 

= ± 3 %  

REFERENCES : 
1 .  Bodor , E . ;  Bor , Gy . ;  Mohai , B . ; 

Sipos . G .  
Ve s zprerni Vegy ip Egy . Ko z"l. 
1957 , 1 ,  55 . 
Chern. Abstr . l96l , 5 5 ,  3175h 



Alkanols:  Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 -8 2-8 ] Wilcock , R .  J . ; Battino , R . ; 
Danforth , W .  F . ;  Wilhelm , E .  

{ 2 )  1-Decanol ; c1 0H21oH ; [112-3 0-l] 
J .  Chem . Thermody n .  19 7 8 , 1 0 ,  
8 1 7  - 8 2 2 . 

VARIABLES :  
T/K : 

p/kPa : 
2 8 4 . 04 - 3 1 3 . 37 
101 . 3 2 5  ( 1  atm) 

P REPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 
----�T�/�K��M�o�l�F�r-a-c�t�1�· o�n--------nB�u�n�s�e�n--------------�O�s�tLw�a�ld�---

2 8 4 . 04 
2 9 8 . 08 
3 1 3 . 3 7 

1 0 3 � Coefficient Coefficient 
� 1  a/cm3 ( STP ) cm- 3 atm- 1 L/cm3 cm- 3 

3 . 3 6 2  0 . 3 9 8 4  0 . 4 1 4 3  
3 . 16 6  0 . 3 7 0 9  0 . 4 0 4 8  
2 . 9 05  0 . 33 6 1  0 . 3 8 5 6  

The Bunsen coefficients were calculated by the compiler . 
It is assumed that the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 2 8 3 . 15 to 313 . 15 K 

ln x1 = -7 . 2 5 1 1  + 4 . 4 3 2 1/ ( T/lOOK)  
The standard error about the regression line is  3 . 4 6 x 10- 5 •  

METHOD/APPARATUS /PROCEDURE : 

T/K 

2 8 3 . 15 
2 9 3 . 15 
2 9 8 . 1 5 
3 0 3 . 15 
313 . 15 

Mol Fraction 
1 0 3 .x  1 
3 . 3 9 4  
3 . 217  
3 . 137  
3 . 0 6 1  
2 . 92 1  

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Matheson Co . , Inc . 

Minimum mole percent purity 
stated to be 9 9 . 97 .  
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The solubility apparatus is based on 
the design of Morrison and Billett 
{ 1 )  and the vers ion used is described 
by Battino , Evans ,  and Danforth { 2 ) . 
The degassing apparatus is that 
described by Battino , Banzha f ,  
Bogan , and Wilhelm ( 3 ) . 

( 2 )  1-Decanol . Eastman Organic 
Chemical s .  Distilled , density at 
2 9 8 . 15 K, p/q cm- 3 0 . 8 2 0 6 . 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid is  about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a l iquid N2 trap unti l  the 
permanent gas residual pressure 
drops to 5 microns . 
Solubility Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pressure of one 
atm . The volume of gas absorbed is  
found by difference between the 
initial and final volumes in the 
buret system . The solvent is col
lected in a tared flask and weighed . 

ESTIMATED ERROR : 
o T/K = 0 . 02 

cS P/mmHg = 0 . 5  
Ox1!:c1 = 0 . 01 

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern . Soa .  1 94 8 ,  2 0 3 3 . 
2 .  Battino , R . ; Evans , F .  D . ; 

Danforth , w .  F .  
J .  Am . O i Z  Chern . Soa . 1 9 6 8 , 
4 5 ,  8 3 0 .  

3 .  Battino , R . ; Banzhaf , M . ; 
Bogan , M . ; Wilhelm , E .  
Ana Z .  Chem . 1 9 7 1 ,  4 3 ,  8 0 6 .  



628 Alkanols: Pressure up to 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 6 4-82- 8 ]  
2 .  1-Undecanol ;  C 1 1 H 2 4 0 ;  [ 1 12-42-5]  

Makranc zy , J . ;  Rus z ,  L . ; 
Balog-Megyery . K .  

or 
1-Dodecanol ;  c 1 2 H 2 6 o ;  [ 112-53- 8 ]  Hunu . J .  Ind .  Chern . 1979,  7, 41-6 

VARIABLES : PREPARED BY : 

C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/kPa Ostwald 
coefficient 

Mo le fraction 
of methane * ,  

X
CH4 

1-Undecanol 

29 8 . 1 5 10 1 . 3  0 . 4 3 1  0 . 00365  

1-Dodecanol 

2 9 8 . 15 1 0 1 . 3  0 . 4 2 6  0 . 00389  

* calculated by compiler 

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Apparently the volumetric 
apparatus described in ref . { 1 )  
was modified for use at 
temperatures above 0 °C .  The 
apparatus was des igned to be 
operated at a partial pressure 
of sulfur dioxide of 760  torr. 

SOURCE AN D  PURITY O F  MATE RIALS : 

No details given . 

ESTIMATED ERROR: 

= ±3%  

REFERENCES : 

1 .  Bod or , E .  ; Bor , Gy . ; Mohai , B .  ; 
Sipos . G .  
Ve s zprerni . Vegyip . Egy . Ko z t. 
1957 , 1 ,  5 5 .  
Chern. A b s tr .  1 9 6 1 ,  5 5 , 3175h 



Alkanols:  Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane ; cH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  Methanol ; CH4o ;  [ 6 7 - 5 6 - 1 ] 

EVALUATION : 

EVALUATOR : 

Colin L .  Young 
Department of Phys ical Chemi stry , 
University of Me lbourne . 
Parkvil l e ,  Victoria , 3 0 5 2  
Austra l i a .  
February 1 9 8 6 .  
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Thi s system has been investigated at e l evated pressures by f ive 
groups ( 1 -5 ) . The most detai led study has been undertaken by Francesconi et 
a l . ( 4 )  and their data are c l a s s i f ied as tentative over the temperature 
range 3 0 3  K to 5 1 3  K for pressures up to 3 0 0  MPa . There are l arge 
differences between the ear ly work of Kritchevsky and Korol eva ( 1 )  and the 
data reported in ref ( 4 ) .  At 7 0  MPa deviations up to 2 0  per cent in the 
gas phase mol e  fraction of methanol are evident . The data Shenderei et a l . 
( 2 )  were determined at high pressure but these workers only reported 
Henry ' s  l aw constants . These data which cover the temperature range 2 1 3  K 
to 2 5 0  K are c l a s s i f ied as tentative . 

Yarym-Agaev et a l . ( 5 )  investigated this system in the temperature 
range 2 9 8  K to 3 3 8  K at pressures up to 1 2 . 5  MPa . However there i s  
virtual ly n o  over lap with the pressure range o f  the data reported by 
Francesconi et a l . ( 4 ) .  The data of Yarym-Agaev et al ( 5 )  is classied as 
tentative . Hemmapl ardh and King ( 3 )  have investigated the solubil ity of 
methanol in compressed methane up to 6 MPa . but deta i l ed consideration of 
thi s  data fa l l s outs�de the scope of the present work . 

References 

1 .  Kritchevsky , I .  and Korol eva , M .  
A c t a  P h y s � c o c h � m .  USS R ,  1 9 4 1 , 1 5 1  3 2 7 .  

2 .  Shenderei , E .  P . ; Z e lvinski , Y .  D . ; Ivanovsky , F .  P .  
Ga z o v . P r om . , 1 9 6 1 , 6 ( 3 ) ,  4 2 .  

3 .  Hemmapl ardh , B:;-King , A .  D . ; 
J .  P h y s . C h e rn . , 1 9 7 2 , 7 6 , 2 1 7 0 .  

4 .  Francesconi , A .  �Lentz , H . ; Franck , E .  U .  
J .  P h y s . C h e rn . , 1 9 8 1 , 8 5 1  3 3 0 3 .  

5 .  Yarym-Agaev , N .  �Sinyavskaya , R .  P . ; Kol iushko , I .  L . ; 
Levinton , L .  Ya . 
Z h . P r � k l . K h i m . , 1 9 8 5 ,  5 8 ( 1 ) 1  1 6 5 .  



630 Alkanols: Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 -8 ] 

2 .  Methano l ;  CH4 0 ;  [ 6 7-56- 1 ]  

VARIABLES : 

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Shendere i ,  E .  P . ; Z e l vinski , Y .  D . ; 
Ivanovsky , F .  P .  
Ga z o v . P r om . , 1 9 6 1 , 6 ( 3 ) 1  42-4 5 .  

PREPARED BY : 

c .  L .  Yeung 

----- -- ----·--·-- ·------------------·---------------- ·--·---------------------

T/K Henry ' s  cons tant 
atm 

Mo l e  fraction of methanea 

----------------------------------------------------------------

2 4 8  
2 3 8  
2 2 3  
2 1 3  

8 0 0 . 0  
7 5 6 . 0  
6 6 2 . 0  
6 1 0 . 0  

0 . 0 0 1 2 5  
0 . 0 0 1 3 2 
0 . 0 0 1 5 1 
0 . 0 0 1 6 4 

a extrapo l ated to 1 atm pre ssure , ca l cu l ated by compi l e r  

AUXILIARY INFORNATION 

METHOD /APPARATUS/PROCEDURE : 

Stat i c  equ i l ibrium ce l l  f i tted with 
a magnetic stirrer . Temperature 
me as ured with a copper-constantan 
thermopi l e .  Pressure meas ured with 
Bourdon gaug e .  Sampl e  anal ysed by 
separat i ng components by freez ing 
out methanol .  Deta i l s  in ref . ( 1 ) .  

SOURCE AND PURITY OF HATERIALS : 

1 .  Obtained f rom fermentat ion , 
free from higher hydrocarbons 
carbon d ioxide removed by 
pa s s i ng through pota s s i um 
hydroxide s o l ution . 

2 .  No detai l s  g iven 

ESTIHATED ERROR: 
aT/K = ± 0 . 1 ;  
ax/x = ± 0 . 0 4 ( compi l er )  

REFE RENCES : 

1 .  Shendere i ,  E .  R . ; Z e l vensk i ,  
Ya . D . ; Ivanovs ki i ,  F .  P . ; 
Khi m.  PPom , 1 9 5 9 , 50 . 



Alkanols:  Pressure Above 0.2 MPa 631 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- B ] 

2 .  Methano l ; CH4 o ;  [ 6 7 - 5 6 - 1 ] 

ORIGINAL MEASUREMENTS : 

Yarym-Agaev , N .  L . ; 
Si nyavskaya , R .  P . ; Ko l i ushko , I . L . ; 
Levinton , L .  Ya . ;  
Z h . P r � k l . K h � m . , 1 9 8 5 , 5 8 ( 1 ) ,  1 6 5 - 8 . 

VARIABLES : PREPARED BY : 
Temperature , pressure c .  L .  Young 

EXPERIMENTAL VALUES : 

-

T/K P/MPa Mol e  fraction o f  methane 
in l iquid in vapour 

---

2 9 8 . 2  2 . 5  0 .  0 2 2 7 7  0 . 9 9 1 92 
5 . 0  0 . 0 4 4 04 0 . 9 9 4 8 7  
7 . 5  0 . 06 6 1 5  0 . 9 9 5 74 

1 0 . 0  0 . 0 8 0 8 0  0 . 9 9 6 0 8 
1 2 . 5  0 . 0 9 4 3 7  0 . 9 9 5 6 4  

3 1 3 . 2  2 . 5  0 . 0 2 2 7 9  0 . 9 8 4 7 7  
5 . 0  0 . 0 4 1 6 4  0 . 9 8 8 3 0  
7 . 5 0 . 0 6 0 4 3  0 . 9 9 0 1 1  

1 0 . 0  0 .  0 7 7 9 3  0 . 9 9 1 34  
1 2 . 5  0 . 0 9 2 0 0  0 . 9 9 2 76 

3 3 8 . 2  2 . 5  0 . 0 2 2 1 1  0 . 9 5 4 3 3  
5 . 0  0 . 0 3 9 34 0 . 9 7 0 6 8  
7 . 5  0 . 0 5 7 7 1  0 . 9 7 5 6 7  

1 0 . 0  0 . 0 7 2 39 0 . 9 7 7 59 
1 2 . 5  0 . 0 8 6 5 0  0 . 9 7 9 5 6  

AUXI LIARY INFOR}�TION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

F l ow method : dry methane passed 
through a series of six saturators 
containi ng methanol , each f itted wit 
a d i f fuser . gas then passed through 
a demi ster f itted with packed gauze . 
F l ow r�te of methane was about 
2 0 0  em hr . Gas then passed through 
a heated need l e  valve to near 
atmospheri c pressure . Samples of 

1 .  Purity 9 9 . 95 mass per cent . 
2 .  Contained 0 . 0 5 mas s per cent 

water . 

gas anal ysed either GC or by freezinc 
out methanol and est imating gravi- �

E�
ST�I

�
MA�

T=E�D�K�RR=o=R
-
:
------------------------� 

metrical ly and estimating methane a T/K =±O . l ; a p/MPa =± 0 . 05 ; 
volumetrica l l y .  ax/x =± 0 . 0 0 3  ( estimated by 

compi l er ) 

REFERENCES : 



632 Alkanols: Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane; CH 4 ; [ 7 4-82-8]  

2 .  Methanol ;  CH 4 0 ;  [ 6 7-56-1]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

5 0 2 . 2  
500 . 2  
4 95 . 2  
4 8 2 . 2  
46 8 . 2  
4 35 . 2  
317 . 2  
4 8 5 . 2  
4 71 . 2  
4 2 6 . 7  
3 38 . 7  
318 . 2  
4 6 8 . 2  
4 6 3 . 2  
4 57 . 7  
438 . 2  
409 . 2  
379 . 7  
3 73 . 2  
35 1 . 7 
328 . 2  
322 . 2  

229 . 0  
2 27 . 0  
2 22 . 0  
2 0 9 . 0  
195 . 0  
16 2 . 0  
44 . 0  
212 . 0  
19 8 . 0  
153 . 5  

6 5 . 5  
4 5 . 0  

1 95 . 0  
19 0 . 0  
18 4 . 5  
165 . 0  
136 . 0  
10 6 . 5  
10 0 . 0  

78 . 5  
5 5 . 0  
4 9 . 0  

P/MPa 

11 . 7  
1 1 . 9 
12 . 2  
13 . 2  
13 . 9  
14 . 4  
18 . 4  
14 . 0  
14 . 6  
15 . 4  
18 . 0  
21 . 9  
2 2 . 2  
2 3 . 5  
25 . 4  
28 . 3  
32 . 6  
3 7 . 7  
4 0 . 6  
4 4 . 8  
4 9 . 0  
61 . 5  

ORIGINAL MEASUREMENTS : 

Francesconi , A. Z . ; Lentz , H . ; 
Franck , E .  u .  

J .  Phy s .  Chern . 

1 9 8 1 ,  8 5 ,  3303-7 .  

PREPARED BY : 

C .  L .  Young 

Mole fraction of methane , 
xCH 4 

0 . 9 9 7  

0 . 110 

0 . 2 9 0  

(cont . )  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Static equilibrium cell fitted with 
a magnetic stirrer and movable 
piston and single colorless sapphire 
indow. PVT data obtained for 
mixtures of fixed and known compo
sitions . Details of apparatus and 
procedure in source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Messer-Griesheim sample , purity 
99 . 9 5 mole per cent or better . 

2 .  Research grade Merck sample , 
contained less than 0 . 0 1 mole 
per cent water . 

ESTIMATED ERROR: 

aT/K = ± l . o ;  ax
cH 4 

= ± O . oo2 . 

REFERENCES : 

1 .  Lentz , H .  

Rev .  Sai . Ins trum . 

19 6 9 ,  4 0 ,  341 . 



Alkanols:  Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane 1 CH4 1 [ 7 4 - 8 2 - 8 ]  

2 .  I-!ethanol 1  CH 4 0 1  [ 67 - 5 6 - 1 ]  

EXPERIMENTAL VALUES : 

T/K 

4 5 7 . 2  
4 71 . 2 
4 8 1 . 2  
4 8 3 . 2  
4 79 . 2  
4 76 . 2  
4 6 7 . 2  
4 5 8 . 2  
4 5 3 . 2  
4 50 . 2  
4 4 3 . 7  
4 36 . 2  
4 2 7 . 2  
4 30 . 2  
4 4 5 . 7  
4 55 . 2  
4 6 4 . 2  
4 6 5 . 2  
4 5 8 . 2  
4 4 2 . 8  
4 35 . 2  
4 25 . 8  
4 17 . 2  
4 0 6 . 2  
3 9 2 . 8  
3 8 1 . 7 
37 3 . 7  
3 6 4 . 2  
3 4 5 . 4  
3 3 6 . 0  
3 24 . 0  
4 1 8 . 2  
4 33 . 2  
4 4 3 . 2  
4 51 . 7  
4 51 . 2  
4 4 2 . 2  
4 3 3 . 7  
4 19 . 9,  
3 9 5 . 2  
3 7 6 . 7  
3 5 6 . 8  
34 1 . 2 
3 2 2 . 2  
314 . 8  
3 05 . 2  
2 97 . 2  
4 3 3 . 2  
4 37 . 2  
4 37 . 2 
4 3 2 . 2  
4 2 2 . 2  
4 02 . 2  
3 9 1 . 7 

1 8 4 . 0  
1 9 8 . 0  
2 0 8 . 0  
2 10 . 0  
2 0 6 . 0  
2 0 3 . 0  
1 9 4 . 0  
1 8 5 . 0  
1 8 0 . 0  
177 . 0  
1 7 0 . 5  
1 6 3 . 0  
154 . 0  
157 . 0  
1 7 2 . 5  
1 8 2 . 0 
1 9 1 . 0  
1 92 . 0  
1 8 5 . 0  
1 6 9 . 6  
1 6 2 . 0  
1 52 . 6  
1 4 4 . 0  
1 3 3 . 0  
1 19 . 6  
1 0 8 . 5  
1 0 0 . 5  

9 1 . 0  
7 2 . 2  
6 2 . 8  
5 0 . 8  

1 4 5 . 0  
1 6 0 . 0 
17 0 . 0  
1 7 8 . 5  
1 7 8 . 0  
1 6 9 . 0  
1 6 0 . 5  
1 4 6 . 7  
12 2 . 0  
1 03 . 5  

8 3 . 6  
6 8 . 0 
4 9 . 0  
4 1 . 6  
3 2 . 0  
2 4 . 0  

1 6 0 . 0  
1 6 4 . 0  
1 6 4 . 0  
15 9 . 0  
1 4 9 . 0  
1 2 9 . 0  
1 18 . 5  

ORIGINAL MEASUREMENTS :  

P/MPa 

9 . 2  
1 0 . 7  
13 . 4  
1 6 . 6  
1 8 . 1  
1 9 . 8  
2 3 . 7  
2 5 . 1  
2 6 . 0  
2 8 . 3  
3 0 . 1  
32 . 5  
3 5 . 7  

9 . 3  
1 1 . 7  
15 . 5  
1 9 . 4  
22 . 9  
2 6 . 0  
2 9 . 8  
32 . 8  
3 5 . 8  
3 9 . 6  
4 4 . 4  
5 1 . 0  
58 . 0  
6 4 . 3  
7 1 . 3  
8 0 . 6  
8 8 . 9  

1 0 1 . 1  
12 . 2  
15 . 2  
1 8 . 0  
2 2 . 5  
2 6 . 6  
30 . 3  
33 . 4  
4 0 . 0  
5 0 . 8  
6 3 . 7  
7 6 . 8  
9 4 . 2  

1 2 6 . 8  
1 4 1 . 9  
1 6 8 . 7  
1 9 8 . 6  

2 1 . 5  
2 3 . 9 
2 4 . 7  
2 8 . 9  
3 4 . 0  
4 4 . 5  
51 . 4  

Francesconi , A .  Z . 1  Lentz , H . J 
Franck , E .  U .  
J .  Phy s .  Chern .  

1 9 8 1 ,  8 5 ,  3 303-7 . 

Mole fraction of methane , 
:x:CH4 

0 . 35 9  

0 . 4 6 4  

0 . 4 6 4  

0 . 54 9  

0 . 7 0 0  

(cont . ) 
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634 Alkanols:  Pressure Above 0.2 MPa 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2- 8 ]  

2 .  Methanol ; CH 4 0 ;  [ 67 - 5 6 - 1 ]  

EXPERIMENTAL VALUES :  

T/K 

3 81 . 7  
3 6 6 . 8  
354 . 5  
3 4 4 . 0  
33 6 . 4 
3 2 5 . 6  
3 21 . 6  
3 17 . 6  
313 . 8  
311 . 7  
3 09 . 4  
30 8 . 2  
3 0 5 . 8  
4 10 . 2  
4 13 . 2  
4 15 . 2  
4 10 . 2  
3 9 8 . 7  
3 91 . 2  
3 7 8 . 2  
3 6 4 . 2  
3 4 9 . 2  
3 3 7 . 2  
3 2 8 . 7  
32 0 . 2  
313 . 5  
3 12 . 3  
3 0 9 . 2  
3 08 . 7  
3 07 . 0  
3 8 0 . 2  
37 3 . 2  
3 6 3 . 2  
3 4 9 . 2  
3 4 2 . 2  
32 7 . 2  
3 2 2 . 2  
3 18 . 2  
3 0 3 . 2  

1 0 8 . 5  
9 3 . 6  
8 1 . 3  
7 0 . 8  
6 3 . 2  
52 . 4  
4 8 . 4  
4 4 . 4  
4 0 . 6  
3 8 . 5  
3 6 . 2  
3 5 . 0  
3 2 . 6  

1 37 . 0  
1 4 0 . 0  
1 4 2 . 0  
1 37 . 0  
1 2 5 . 5  
1 18 . 0  
1 05 . 0  

9 1 . 0  
7 6 . 0  
6 4 . 0  
55 . 5  
4 7 . 0  
4 0 . 3  
3 9 . 1  
3 6 . 0  
3 5 . 5  
33 . 8  

1 07 . 0  
1 00 . 0 

9 0 . 0  
7 6 . 0  
6 9 . 0  
54 . 0  
4 9 . 0  
4 5 . 0  
3 0 . 0  

ORIGINAL MEASUREMENTS : 

P/MPa 

5 8 . 6  
7 1 . 5  
8 6 . 5  

1 02 . 1  
1 15 . 0 
1 4 5 . 0  
1 6 4 . 9  
1 90 . 4  
2 0 8 . 0  
2 2 7 . 8  
2 4 5 . 8  
2 7 0 . 5  
2 92 . 3  

2 2 . 8  
2 5 . 2  
3 0 . 0  
3 2 . 6  
37 . 0  
4 2 . 3  
5 0 . 0  
6 1 . 0  
7 8 . 3  

1 01 . 3  
1 2 1 . 5  
15 9 . 0  
1 8 6 . 1  
2 2 0 . 6  
2 4 7 . 5  
2 75 . 0  
2 9 3 . 5  

3 4 . 0  
4 0 . 5  
53 . 0  
6 5 . 3  
8 8 . 5  
9 9 . 5  

1 2 1 . 6  
1 4 1 . 5  
2 4 8 . 0  

Francesconi , A .  Z . ;  Lentz , H . ; 
Franck , E .  u .  

J .  Phys . Chem . 
1 9 8 1 , 8 5 ,  3 303-7 . 

Mole fraction of methane , 
xCH4 

0 . 7 0 0  

0 . 8 1 6  

0 . 9 1 5 8  



Alkanols:  Pressure Above 0.2 MPa 

COMPONENTS : 
1 .  Methane ; CH � ; [ 74 - 8 2 - 8 ]  

2 .  Ethanol ;  C 2 H s 0 ;  [ 64-17-5]  

VARIABLES : 

Pressure 

EXPERIMENTAL VALUES : 

T/K P/HPa 

ORIGINAL MEASUREMENTS : 
Frolich, P . K . ; Tauch , E . J . ;  Hogan , 
J . J . ; Peer , A . A .  

Ind .  Eng . Chem . 1 9 3 1, 2 3 , 5 4 8 - 5 5 0  

PREPARED BY : 

* 
Solubility , S  

C . L .  Young 

Hole fraction o f  
methane i n  l iquid , 

XCH� 

635 

-------------------------------------------------------------------------; 
2 9 8 . 15 1 . 0  

2 . 0  
3 . 0  
4 . 0  
5 . 0  
6 . 0  
7 . 0  
8 . 0  
9 . 0  

1 0 . 0  
11 . 0  
1 2 . 0  

4 
8 

12 
16  
2 0  
2 4  
27 . 5  
31 . 2  
3 6 . 5  
4 0 . 5  
4 5  
4 9  

0 . 0 0 9 5  
0 . 019 
0 . 02 8  
0 . 0 3 7  
0 . 04 6  
0 . 054  
0 . 06 2  
0 . 07 0  
0 . 0 81  
0 . 0 8 9  
0 . 09 7  
0 . 1 0 5  

* Data taken from graph in original article . Volume o f  gas 
measured at 101 . 3 25 kPa and 2 9 8 . 1 5  K dissolved by unit 
volume of l iquid measured under the same conditions . 

+ calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static equilibrium cel l .  Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volumetric 
method . Allowance was made for 
vapor pressure of liquid and the 
solubility of the gas at atmospheric 
pressure . Details in source .  

SOURCE AND PURITY O F  MATERIALS : 

S tated that the materials 
were the highest purity 
available . 

ESTIMATED ERROR: 

o T/K = ± O . l ;  oxcH � 
= ± 5 %  

REFERENCES : 



636 Alkanols :  Pressure Above 0.2 M Pa 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane : CH4 : [ 74-82-8 ]  

2 .  2-Propano l :  C s H e O :  [ 67-63-0]  

Frolich , P . K . ; Tauch , E . J . ; Hogan , 
J . J . ; Peer , A . A .  

Ind. Eng . Chern. 1931, 2 3 ,  5 4 8-550  

VARIABLES :  PREPARED BY : 

Pressure C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/HPa 
* 

Solubility , S  Hole fraction of + methane in liquid, 

29 8 . 15  1 . 0  
2 . 0  
3 . 0  
4 . 0  
5 . 0 
6 . 0  
7 . 0  
8 . 0  
9 . 0  

4 
9 

14  
1 9  
2 5  
3 0 . 5  
3 6 . 5  
4 2 . 5  
4 8  

xC H 4 

0 . 012 
0 . 02 8  
0 . 042  
0 . 056 
0 . 073 
0 . 08 8  
0 . 103 
0 . 11 8  
0 . 131  

* Data taken from graph in original article . Volume of  gas 
measured at 1 01 . 3 2 5  kPa pres sure and 29 8 . 15K dissolved by 
unit volume of liquid measured under the same conditions . 

+ calculated by compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static equil ibrium cell . Liquid 
saturated with gas and after 
equilibrium established samples 
removed and analysed by volume tric 
method . Allowance was made for 
vapor pressure of liquid and the 
solubility of the gas at atmospheric 
pressur e .  Details in source . 

SOURCE AND PURITY OF MATERIALS : 

Stated that the materials were 
the h�ghest purity available . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  o x
CH 4 

= ± 5 %  

REFERENCES : 



Alkanols :  Pressure Above 0.2 MPa 

COMPONENTS : 

( 1 )  Methane : CH4 : [ 7 4 -8 2 - 8 ]  

( 2 )  Cyclohexanol :  c6H12o :  
[ 1 0 8 -9 3 - 0 ] 

CRITICAL EVALUATION : 

EVALUATOR : 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 9 8 5 , April 
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Cauquil ( re f  l l  and Lannung and Gj aldbaek ( ref 2 )  have measured the 
solubility o f  methane in cyclohexanol .  The single solubility value of 
Cauquil is rej ected because it i s  only about one-half the magnitude of the 
values reported by Lannung and Gj aldbaek , workers whose solubility data are 
usually reliable . 

The mole fraction solubility values of Lannung and Gj aldbaek were 
treated by a linear regression to obtain the equation 

ln x1 = -7 . 8 2 9 6  + 3 . 4 376/ ( T/100 Kl 

with a standard error about the regression line of 1 . 12 x 1 0- 5 • 

The equation was treated to obtain the thermodynamic changes for the 
transfer of one mole of methane from the gas at a pressure of 0 . 1 0 1 3 2 5  MPa 
to the infinitely dilute solution of 

�H � /kJ mol- 1 = - 2 . 8 6 and �S � /J K- 1 mol- 1 = - 6 5 . 1 .  

Smoothed values of the mole fraction solubility are in Table 1 .  

Table 1 .  The solubility o f  methane in cyclohexanol . Tentative values 
of the mole fraction solubility and partial molal Gibbs 
energy of solution as a function of temperature at a methane 
partial pressure of 0 . 1 0 1 3 2 5  MPa . 

T/K 

2 9 8 . 15 

3 0 3 . 15 

3 0 8 . 15 

l .  2 6  

1 . 24 

1 . 21 

1 6 . 5 5 1  

1 6 . 8 7 6  

1 7 . 2 0 2  

1 .  Cauquil , G .  J .  Chim. Phye . 1 9 2 7 ,  2 4 ,  5 3-5 .  

2 .  Lannung , A . : Gj aldbaek , J .  c .  Aota Chern.  Soand. 1 9 6 0 ,  1 4 ,  1 1 2 4 - 8 . 



638 Alkanols: Pressure Above 0.2 MPa 

COMPONENTS : 

( 1 )  Methane � CH4 � [ 7 4-8 2-8 ]  

( 2 )  Cyclohexanol � C6H120 �  
[ 1 08- 93-0 ] 

VARIABLES :  
T/K = 2 9 9  

p 1 /kPa = 102 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Cauquil ,  G .  

J .  Chi m .  Phys . 1927,  24,  5 3- 55 . 

PREPARED BY : 

H .  L .  Clever 

The author states that one liter of cyclohexanol absorbs 
133  cm3 methane at 26 ° C and 765  mmHg . 

The compiler calculates an Ostwald coefficient of 
L/cm 3 cm- 3  = 0 . 13 3 and a mole fraction solubilty at 101 . 3 2 5  
kPa of x1 = 5 . 6  x 10- 4 a t  2 9 9  K .  

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

The apparatus appears to be of  
the Bunsen type . 

The initial and final volumes 
of gas in contact with the liquid 
were measured at 26 ° C and a known 
pressure . The liquid vapor pre ssure 
was ignored . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . No information . 

( 2 )  Cyclohexanol . Distil led , boiling 
point 160 . 9  ° C at 7 6 6  mmHg. 
Degassed and tested to be air 
free . 

ESTIMATED ERROR: 

oL/L = ± 0 . 0 5 (compiler) 

REFERENCES : 



Alkanols :  Pressure Above 0.2 MPa 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] Lannung , A . ; Gj aldbaek , J .  c .  

( 2 )  Cyclohexanol ;  c6a1 2o ;  
[ 1 0 8 - 9 3 - 0 ]  

Aata Chern . Saand.  1 9 6 0 , 1 4 ,  
1 1 2 4  - 1 12 8 . 

VARIABLES : 
T/K = 2 9 8 . 15 - 3 1 0 . 15 

p1 /kPa = 1 0 1 . 3 2 5  ( 1  atm) 

PREPARED BY : 

J .  Chr . Gj aldbaek 

EXPERIMENTAL VALUES : 
T/K 

2 9 8 . 15 
2 9 8 . 15 
3 1 0 . 15 
3 1 0 . 15 

Mol Fraction 
1 0 3x 1 
1 .  25  
1 .  27  
1 . 2 0 
1 . 21 

Bunsen 
Coefficient 

u/cm3 ( STP ) cm- 3 atm- 1 
0 . 26 3  
0 . 26 8  
0 . 25 1  
0 . 25 3  

Smoothed Data : For use between 2 9 8 . 15 and 3 1 0 . 15 K .  

l n  x1 
= -7 . 8 2 9 6  + 3 . 4 37 6/ (T/ 1 0 0  K)  

Ostwald 
Coefficient 

L/cm3 cm- 3 

0 . 28 7  
0 . 2 9 2  
0 . 2 8 5  
0 . 28 7  

The standard error about the regression line i s  1 . 12  x 1 0- 5 •  

METHOD/APPARATUS/PROCEDURE : 

T/K Mol Fraction 
1 0 3x 1 

2 98 . 15 1 . 26 
3 0 8 . 15 1 . 2 2 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
A calibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( 1 )  • 

( 1 )  Methane . Generated from 
magnesium methyl iodide . 
Purified by fractional dis
tillation . Specific gravity 
corresponds with mol wt 16 . 08 .  

( 2 )  Cyclohexanol . Poulenc Freres . 
"pur . "  Fractionated twice 
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The absorbed volume of gas i s  
calculated from the initial and 
final amounts , both saturated with 
solvent vapor . The amount of 
solvent is  determined by the weight 
of displaced mercury . 

in vaauo . M . p . /° C  = 2 3 . 6  - 2 3 . 9 .  

The values are at 101 . 3 2 5  kPa 
( 1  atm) pressure assuming Henry ' s  
law is obeyed . 

ESTIMATED ERROR: 

REFERENCES : 

5 T/K = ± 0 . 05 
5 x1 !x1 = ± 0 . 015  

1 .  Lannung , A.  
J .  Am.  Chern . So a .  1 9 3 0 , 52 , 6 8 . 
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COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ]  

( 2 )  Ethers 

Ethers 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

1 9 8 5 , April 

CRITI CAL EVALUATION : 

AN EVALUATION OF THE SOLUBILITY OF METHANE IN 
ETHERS AT PRESSURES UP TO 0 . 2  MPa ( � 2 ATM) . 

Seven papers report values of the methane solubility in three dialkyl 

ethers , four cyclic ethers , and one aromatic alkyl ether . All of the lab-

oratories but one used conventional volumetric procedures .  One used a GLC 

method (ref 4 )  at low methane partial pressure without correction for sur-

face adsorption . The results are di scussed in the three sections below . 

I .  Methane + 1 , 1 ' -oxybisalkanes 

Methane + 1 , 1 ' -oxybisethane or diethyl ether [ 6 0- 2 9- 7 ]  

Christo ff (ref 1 )  reported methane solubility values a t  273 . 1 5 and 

28 3 . 1 5 K .  Horiuti ( ref 2 )  reported seven solubility values at temperatures 

between 1 9 2 . 7 5 and 2 93 . 1 5 K .  Horiuti ' s  work is usually reliable . H i s  val

ue s are 5 to 7 percent larger than the Chri stoff values in the 273  to 2 8 3  K 

temperature interval . The Horiuti values are classed as tentative and the 

Christoff value s as doubtfu l .  

A linear regres sion was applied to the Horiuti values which omitted 

the solubility value of 2 1 1 . 55  K to obtain the equation 

ln x 1 = - 1 1 . 6 1 8 4  + 1 1 . 040 6/ (T/ 1 00 K) + 2 . 3007  ln ( T / 1 0 0  K) 

with a standard error about the regression line of 2 . 9 6 x 1 0- 5 • 

The thermodynamic changes for the transfer of one mole of methane 

from the gas phase at 0 . 1 0 1 3 2 5  MPa to the infinitely di lute solution were 

calculated from the equation to be 

T/K AH� /kJ mol- 1 AS� /J K- 1 mol- 1 AC 0 /J K-1 mol -1 
. P z 

2 1 3 . 1 5 -5 . 1 0 -6 3 . 0  1 9 . 1  

2 4 3 . 1 5  - 4 . 5 3 -6 0 . 5  1 9 . 1  

2 73 . 1 5  -3 . 9 5 -58 . 2  1 9 . 1  

2 93 . 1 5 -3 . 5 7 -5 6 . 9  1 9 . 1  

Smoothed values of the mole fraction solubility fo llow in Table 1 .  
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Table 1 .  Solubi l ity o f  methane in diethyl ether. Tentative values of the 
mole fraction solubility as a function of temperature at a meth
ane partial pressure of 0 . 1 0 1 3 2 5  MPa . 

T/K 

1 9 3 . 1 5 

2 03 . 1 5 

2 1 3 . 1 5 

2 23 . 1 5 

233 . 1 5 

2 4 3 . 1 5  

2 53 . 1 5 

2 6 3 . 1 5 

1 0 3X1 

1 2 . 4 3  

1 0 . 54 

9 . 1 2 

8 . 0 3 

7 . 1 9  

6 . 52 

5 . 9 7 

5 . 53 

T/K 

2 7 3 . 1 5 

2 7 8 . 1 5 

28 3 . 15 

2 8 8 . 1 5 

2 9 3 . 1 5 

5 . 1 7 

5 . 01 

4 . 8 7  

4 . 74 

4 . 62 

Methane + l , l ' -oxybispropane or dipropyl ether [ 1 1 1 - 4 3 - 3 ]  

Guerry (ref 3 )  measured the methane solubility a t  2 9 3 . 1 5 and 2 9 8 . 1 5  

K .  The value reported at 2 9 3 . 1 5 K appears to be in error and it i s  rej ect

ed . The value of 2 9 8 . 1 5 K corresponds to a mole fraction solubility of 

4 . 38 x 1 0- 3 at a methane partial pressure of 0 . 1 0 1 3 2 5  MPa and it is c lassed 

as tentative . 

Methane + 1 , 1 ' -oxybis-2-propanol or dipropylene glycol [ 1 1 0 - 9 8 - 5 ]  

Lenoir , Renault and Renon ( ref 4 )  report the methane solubility a t  

temperatures of 2 9 8 . 2 ,  32 3 . 2  and 34 3 . 2  K by a GLC retention time method . 

The maximum methane partial pressure was 2 mmHg . The three solubil ity val-

ues were converted to mole fraction solubi lities at atmospheric pressure 

and treated by a linear regression to obtain the equation 

ln x 1 = - 1 0 . 5 2 7 0 8  + 9 . 7 1 7 7 / ( T / 1 0 0  K )  

with a standard error about the regression line 1 . 73 x 1 0- 5 ,  

The thermodynamic changes for the transfer of one mole of methane 

from the gas at 0 . 1 0 1 3 2 5  MPa to the infinitely dilute solution are 

AH� /k J mol- 1 = - 8 . 08 and AS� /J K- 1 mol- 1 � - 8 7 . 5  

These values are of larger than average magnitude for many organic sol

vents . They may reflect either a more water-like solvent when several 0 

and OH groups are present or problems in converting the reported Henry ' s  

constant at very low pressure to reliable values at atmospheric pressure . 

Smoothed mole fraction solubil ity values are in Table 2 .  



642 Ethers 

COMPONENTS : EVALUATOR : 

( 1 )  Methane; CH4 ; [ 7 4-82-8 ]  

( 2 )  Ethers 

CRITICAL EVALUATION : 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 03 2 2  USA 

1 98 5 ,  April 

Table 2 .  The solubility of methane in 1 , 1 ' -oxybis-2-propano l .  Tentative 
values of the mole fraction solubil ity and partial molal Gibbs 
energy as a function of temperature at a methane partial pressure 
of 0 . 1 0 1 3 25 MPa . 

T /K 1 0 4x1 

298 . 2  6 . 97 

30 3 . 2  6 . 61 

3 1 3 . 2 5 . 97 

3 2 3 . 2 5 . 42 

3 3 3 . 2 4 . 95 

3 4 3 . 2  4 . 55 

I I .  Methane + Cyclic Ethers 

Methane + 1 , 4-Dioxane [ 1 23-91-1 ] 

t.G� /kJ mol - 1  

18 . 0 21  

1 8 . 4 58 

1 9 . 3 33 

2 0 . 209  

21 . 0 8 4  

2 1 . 9 5 9  

Guerry (ref 3) , Ben-Naim and Yaacobi (ref 5 ) , and Gallardo , Urieta and 

Gutierrez Losa (ref 7 )  report methane solubi lities in 1 , 4-dioxane.  Guer

ry ' s  two values at 2 9 3 . 1 5 and 2 9 8 . 1 5 K are 3 and 6 . 5  percent ,  respectively , 

smaller than the values of the other workers . They are classed as doubt-

ful .  The results o f  Ben-Naim and Yaacobi and o f  Gallardo e t  a t .  agree 

with 0 . 5 percent at all temperatures between 28 3 . 1 5 and 3 0 3 . 15 K .  Both 

laboratories used a similar apparatus and experimental technique . The 

Ben-Naim and Yaacobi and the Gallardo e t  a t .  values were combined in a 

linear regress ion to obtain the equation for the 2 8 3 . 1 5 to 303 . 1 5 K temper-

ature interval 

ln x1 = - 6 . 91003  + 0 . 9 5 5 2 6 / (T / 1 0 0  K) 

with a standard error about the regression line of 5 . 0 3 x 1 0 -6 • 

The thermodynamic changes for the transfer of one mole of methane 

from the ga s at 0 . 1 0 1 325  MPa to the infinitely dilute solution are found 

from the equation to be 

t.H� /kJ mol- 1 = - 0 . 794 and t.S� /J K- 1 mol- 1 = -57 . 5 .  

This is a much smaller enthalpy of solution than normally found for organic 
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solvents .  The smoothed mole fraction solubility values follow in Table 3 .  

Table 3 .  The solubility o f  methane in 1 , 4 -dioxane . Tentative values of 
the mole fraction solubility and partial molal Gibbs energy of 
solution as a function of temperature of a methane partial pres
sure at 0 . 1 0 1 3 2 5  MPa . 

T/K 1 0 4 x 
1 

2 8 3 . 1 5 1 3 . 98 
2 88 . 1 5 1 3 . 9 0 
2 9 3 . 1 5 1 3 . 8 2 
2 98 . 15 1 3 . 75 
3 03 . 15 1 3 . 67 

Methane + Tetrahydrofuran [ 1 0 9 - 9 9 - 9 ]  

Methane + 2 , 3-Dihydropyran [ 25 5 1 2 - 6 5 - 0 ]  

Methane + Tetrahydro- 2H-pyran [ 14 2- 6 8 - 7 ]  

�G� /kJ mol- 1 

1 5 . 4 7 3  

1 5 . 7 6 1  

1 6 . 04 8  

1 6 . 3 3 5  

1 6 . 6 2 2  

Guerry (ref 3 )  measured the solubility of methane a t  2 9 3 . 1 5 and 

2 9 8 . 15 K in each of the three solvents .  His values show a negligible 

temperature coefficient of the mole fraction solubility , which imply a 

zero to sl ightly positive partial molal enthalpy of solution . 

Guerry ' s  mole fraction solubil ity values , which are classed as tenta-

tive , are : 

Solvent and Formula Mole Fraction Solubility , l 0 3 x1 , at temperatures of 

2 9 3 . 1 5 K 2 9 8 . 1 5 K 

Tetrahydrofuran , c4 H8o 1 . 94 1 . 94 

2 , 3-Dihydropyran ,  c 5H80 1 . 94 1 . 94 

Tetrahydro- 2 H-pyran , c 5H1 0o 2 . 32 2 . 3 3 
-

I I I .  Methane + aryl alkyl ethers 

Methane + methoxybenzene or anisole [ 1 00 - 6 6 - 3 ]  

Gibanel , Urieta , and Gutierrez Losa ( ref 6 )  measured the methane solu

bil ity at five degree intervals between 2 8 3 . 1 5  and 3 0 3 . 1 5 K .  Their values 

are classed as tentative . 

The data were fit by a l inear regression to obtain the equation for 

the 2 8 3 . 1 5 to 3 0 3 . 1 5 K interval 



644 Ethers 

COMPONENTS : EVALUATOR: 

( 1 )  Methane1 CH4 1 [ 74 - 8 2- 8 )  

( 2 )  Ethers 

H. Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

19 8 5 ,  April 

CRITICAL EVALUATION : 

ln x1 = - 7 . 0 524 + 1 . 8 2 8 2 / (T/100  K)  

with a standard error about the regre ssion line of 8 . 8 7 x 10 -7 • 

From the equation the thermodynamic changes for the transfer of one 

mole of methane from the gas at 0 . 101325 MPa to the infinitely dilute solu-

tion are 

Smoothed values of the mole fraction solubil ity are in Table 4 .  

Table 4 .  Solubil ity of methane in methoxybenzene . 
the mo le fraction solubility and partial 
solution as a function of temperature at 
pressure of 0 . 101325  MPa . 

T/K 10 4 x1 

283 . 15 16 . 5 0 

28 8 . 1 5 16 . 3 2 

29 3 . 1 5 16 . 14 

29 8 . 1 5 1 5 . 98 

303 . 1 5 15 . 8 2  

References 

Tentative values of 
molal Gibbs energy of 
a methane partial 

liG� /kJ mol-1 

15 . 08 3  

15 . 376  

15 . 6 6 9  

15 . 9 6 2  

16 . 2 5 5  

1 .  Christoff , A .  z .  Phys .  Chern. 19 1 2 ,  79 , 4 5 6- 6 0 .  

2 .  Horiuti , J .  Sai . Pap .  In st .  Phy s .  Ch ern. Re s .  (Jpn J 1931/32 , 1 7 ,  
1 2 5- 256 . 

3 .  Guerry , D .  Jr . ,  Ph . D .  thesis , 1944 , Vanderbilt Univers ity , Nashville , 
TN USA . 

4 .  Lenoir , J . -Y . 1 Renault , P . 1 Renon , H .  J.  Chern. Eng . Data 1971 , 1 6 ,  
34 0- 3 4 2 . 

5 .  Ben-Naim , A. 1 Yaacobi ,  M .  J. Phye . Chern. 1974 , 78 , 175-178 . 

6 .  Gibanel , F . 1 Urieta , J .  S . 1 Gutierrez Losa , C .  J. Chirn. Phy s .  Phye . 
Chirn. Bio Z .  1981 , 78 , 171-174 . 

7 .  Gallardo , M . A . 1 Ur ieta , J .  S . 1 Gutierrez Losa , c .  J. Chirn. Phy s .  
Phy s . - Chirn. Bio Z .  198 3 ,  8 0 ,  621-6 2 5 .  



Ethers 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 ) Methane ; CH4 ; [ 7 4-82-8 ] Christoff ,  A .  

( 2 )  1 , 1 ' -0xybisethane o r  diethyl 
ether ; c4H1 0o ;  [ 6 0- 2 9 - 7 ] 

Z .  Phy s .  Chern .  1 9 1 2 ,  7 9 ,  
4 56- 6 0 .  

VARIABLES : 
2 7 3 . 1 5 ,  2 8 3 . 1 5 
atmospheric 

PREPARED BY : 

H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature 

0 

1 0  

27 3 . 1 5 

2 8 3 . 15 

Mol Fraction Bunsen 
Coefficient 

1 0 3 x1 a/cm 3 ( STP ) cm- 3 atm- 1 

4 . 7 7 

4 . 50 

1 .  0 6 6  

0 . 9 9 2  

Ostwald 
Coefficient 

L/cm3 cm- 3 

1 .  0 6 6  

1 .  0 2 8  

The mole fraction and Bunsen coefficient values were calculated 
by the compiler assuming ideal gas behavior . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
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The apparatus is an Ostwald type as 
described by Just ( ref 1 ) , and 
modi fied by Skirrow (ref 2 )  . The 
apparatus consists of a thermostated 
gas buret and an absorption flask . 

( 1 )  Methane . Prepared by the author . 

The modi fication involves the use 
of vapor free gas in the gas buret . 
A correction is made for the vapor 
pressure of the solvent . A steel 
capillary tube with a stopcock ,which 

Treated with sulfuric acid and 
pal ladium to remove related 
gases and hydrogen . 

( 2 )  Diethyl ether . Merck • Stated 
to be pure and anhydrous . 

prevents the the gas and the solvent ����--��------------------------� 
vapor from mixing in the buret , is ESTIMATED ERROR: 

used to connect the absorption flask c L/L = ± 0 . 0 3 
and the buret.  

REFERENCES : 

1 .  Jus t ,  G .  
z .  Phy s .  Chern .  

2 .  Skirrow , F .  w.  
z .  Phys . Chern .  

1 9 0 1, 3 7 J 3 4 2 .  

1 9 0 2 ,  4 1 ,  1 3 9 . 
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COMPONENTS : 
( 1 )  Methane ; CH4 : [ 7 4 -8 2- 8 ]  

( 2 )  1 , 1 ' -0xybisethane or diethyl 
ether; c4H1 0o;  [ 6 0- 29-7 ]  

VARIABLES : 
T/K : 

p 1 /kPa : 
1 9 2 . 75 - 29 3 . 15 
101 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

Ethers 

ORIGINAL MEASUREMENTS : 
Horiut i ,  J .  

Sai . Pap . Ins t .  Phys . Chern.  Re s .  
(Jpn)  19 31/32 , 1 7 ,  125  - 256 . 

PREPARED BY : 
M .  E .  Derrick 
H .  L .  Clever 

T/K Mol Fract�on 
l 0 3 x 

Bunsen 
Coefficient 

Ostwald 
Coeffic ient 

1 9 2 . 7 5 
196 . 4 5  
211 . 5 5 
2 3 1 . 8 5 
2 5 2 . 5 5 
273 . 15 
2 9 3 . 15 

1 
1 2 . 4 9  
11 . 7 6 

9 . 2 47  
7 . 3 14 
5 . 9 7 8  
5 . 171 
4 . 6 24  

a/cm 3 ( STP) cm-3 atm-1 
3 . 146 
2 . 94 6  
2 . 26 5  
l .  7 3 9  
l .  379  
1 . 1 57 
l .  004  

L/cm 3 cm-3  
2 . 2 20 
2 . 11 9  
l .  754  
1 . 4 76 
1 . 2 7 5  
1 . 1 57 
l. 078  

The mole fraction and Bunsen coefficient values were calculated by the com
piler with the as sumption the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 19 2 . 75 and 273 . 1 5  K .  

The 211 . 5 5 K value was omitted from the linear regres sion . 
ln x 1 = -11 . 6 1 8 4  + 1 1 . 04 06/ ( T/l OOK) + 2 . 3007  ln ( T/lOOK) 
The standard error about the regression line is 2 . 9 6  x l0- 5 • 

T/K Mol Fraction 

1 9 8 . 15 
213 . 15 
2 2 8 . 15 
2 4 3 . 15 
2 5 8 . 15 
2 7 3 . 15 
2 8 8 . 15 

l0 3 x 1 
11 . 4 1 

9 . 12 
7 . 59  
6 . 52 
5 . 74 
5 . 17 
4 . 74  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The apparatus consists of a gas buret, ( 1 )  Methane . Aluminum carbide was 
a solvent reservoir , and an absorp- prepared from aluminum and soot 
tion pipet . The volume of the pipet carbon . The aluminum carbide was 
is determined at various meniscus treated with hot water . The gas 
heights by weighing a quantity of evolved was scrubbed to remove 
water . The meniscus height is read impurities , dried and fraction-
with a cathetometer .  ated . Final product had a 

density , p/g dm- 3  = 0 . 7168± 0 . 0 0 0 3  
a t  normal conditions . The dry gas is introduced into the 

degassed solvent . The gas and solvent 
are mixed with a magnetic stirrer 
until saturation . Care is taken to 
prevent solvent vapor from mixing 
with the solute gas in the gas buret. 
The volume of gas is determined from 
the gas buret readings , the volume 
of solvent is determined from the 
meniscus height in the absorption 
pipet . 

( 2 )  Diethyl ether . Merck . "For analy 
sis grade " .  Stored over sodium 
amalgam until evolution of gas 
ceased . Di sti lled , boil ing point 
constant within O . O l ° C .  

ESTIMATED ERROR : 

REFERENCES : 

o T/K = 0 . 05 
O:c1 !x1 = 0 . 0 1 



Ethe rs 647 

COMPONENTS : 
( 1 ) Methane ; CH4 ; [ 74-82-8 ]  

( 2 )  1 , 1 ' -0xybispropane or  dipropyl 
ether ; c6H14o;  [111-43-3 ] 

VARIABLES : 
T/K : 

P/kPa : 
2 9 3 . 1 5 ,  2 9 8 . 1 5 
10 1 . 3 25 (1  atm) 

EXPERIMENTAL VALUES : 

T/K 

293 . 15 
2 9 8 . 15 

Mol Fraction 
4 x1 x 10 

ORIGINAL MEASUREMENTS : 
Guerry , D .  Jr . 

Ph . D .  thesis , 1944  
Vanderbilt university 
Nashvi lle , TN 

Thesis Director : L .  J .  Bircher 

PREPARED BY : 
H .  L .  Clever 

Bunsen Ostwald 
Coefficient Coefficient 

a L 
0 . 1 98 ( sic)  0 . 212  ( ? )  
0 . 7 13 0 . 7 7 8  

The Ostwald coefficients were calculated by the 
compi ler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A Van Slyke-Neill Manometric Appara
tus manufactured by the Eimer and 
Amend Co . was used . 
The procedure of Van Slyke ( 1 )  for 
pure liquids was modified ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost complete 
recovery of the sample . 
An improved temperature control 
system was used . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by hydrolysis 

of crystaline methyl Grignard 
reagent . Pas sed through cone . 
H2so4 , solid KOH , and Dririte . 

SOURCE AND PURITY OF MATERIALS : 
( 2 )  Dipropyl ether . Eastman Kodak 

Co , Refluxed four hours over 
Na , then distilled from Na in a 
N2 atm . B . p .  ( 7 4 6 . 2  mmHg) t/°C 
8 9 . 03 - 8 9 . 28 (corr . ) . Refrac
tive index , density , and vapor 
pressure data are in the thesis . 

ESTIMATED ERROR: 

oT/K = 0 . 05 

REFERENCES : 
1 .  Van Slyke , D .  D .  

J .  Bi o Z .  Chem. 1 9 3 9 , 1 3 0 ,  54 5 .  

2 .  Ij ams , C .  C .  
Ph . D . thesis , 1941  
Vanderbilt University 



648 Ethers 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 74 - 8 2-8 ] 

2 .  1 , 2-Epoxyethane (Ethylene 
oxide ) ; C 2 H 2 0 ;  [ 7 5-21- 8 ]  

VARIABLES :  

EXPERIMENTAL VALUES :  

Total pressure , 

ta/C Tb/K 
pounds per 

square inch 

/psig 

30 30 3 . 2  30  
30  3 0 3 . 2  4 0  
3 0  30 3 . 2  5 0  
4 5  3 1 8 . 2  5 0  
4 5  3 18 . 2  6 0  
4 5  3 18 . 2  7 0  

a Original data . 

b Calculated by compiler . 

Hess , L .  G . ; Tilton , V .  v .  
Ind. Eng . Chern . 

1 9 5 0 , 4 2 ,  1251-215 8 . 

P REPARED BY : 

c .  L .  Young 

a 

Mass percenta 
in Mole fraction 

solution 
/:r l 

0 . 02 0 . 0 0 0 5  
0 . 0 6 0 . 0 0 1 6  
0 . 11 0 . 0 0 3 0  
0 . 06 0 . 0 0 1 6  
0 . 11 0 . 0 0 3 0  
0 . 15 0 .  0 0 4 1  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

High pres sure , steel f low apparatus 
consisting of two presaturators for 
the gas and an equilibrium vessel 
containing a stirrer operated by a 
solenoid . The gas is supersatura
ted in the first saturator at a 
temperature 10 K above the equili
bration temperature . A steady f low 
of gas i s  made for at least 2 h 
after which l iquid and vapor samples 
are withdrawn for analysis at 1-h 
intervals .  Equil ibrium indicated 
by constant consecutive compositions 
of both phase s .  

Details i n  ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

Source and purities 
not avai lable . 

ESTIMATED ERROR: 

oT/K = 0 . 1 ; o:r 1 /:r = oH/H 

= 0 . 10 (estimated by compiler) . 

REFERENCES : 

1 .  Wan , S . -W . ; Dodge , B .  F .  
Ind. Eng . Chern. 

19 4 0 ,  3 2 ,  9 5 .  

b 



Ethers 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 74-82- 8 ]  Olson , J .  D .  

2 .  1 , 2-Epoxyethane {Ethylene oxide ) ; J .  Chern . Engng . Da ta 
C 2 H 2 0 ; [ 7 5 - 2 1- 8 ]  

19 7 7 ,  2 2 ,  3 2 6 - 32 9 . 

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 

T/K 
Henry ' s  constanta 

/atm 
Mole fractionb 

xCH � 

0 
2 5  
5 0  

2 7 3 . 15 
2 9 8 . 15 
3 2 3 . 15  

6 13 
6 1 4  
5 9 5  

0 . 0 0 1 6 3 1  
0 . 0 01 6 2 9  
0 . 0 0 1 6 8 1  

a Original data ; Henry ' s  constant extrapolated to zero gas partial 
pressure . 

b Mole fraction calculated by compiler assuming constant H and gas 
partial pressure of 1 0 1 . 3 2 5  kPa . Note the normal boiling point 
of the solvent is  2 8 6 . 7  K .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Accurate gravimetric method for 
determining masses of solvent and 
gas charged into stainless stee l 
bomb of predetermined volume . 
Gas introduced at pressures of up 

to 8 4 0  kPa measured by Bourdon 
gauge . Equilibration by shaking 
for 2 to 4 h aided by several 
loose balls in bomb . Pressure 
measurements along with known 
volumes and masses of gas and sol
vent permitted calculation of 
Henry ' s  constant . Detailed 
volume change corrections made 
for both phases . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson research grade sample , 
purity 9 9 . 99 mole per cent . 

2 .  UCC commercial grade . GC 
analysis indicated volati le 
impurities of less than 1 0 0  ppm. 

ESTIMATED ERROR: 

o T/K = ± 0 . 10 ;  oH/H {RMS ) = 0 . 0 3 . 

REFERENCES : 

649 



650 Ethers 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 7 4-82- 8 ]  Ben-Naim , A . ; Yaacobi , H .  

2 .  1 , 4-Dioxane ; C � H e 0 2 ; [ 1 2 3-91-1] J.  Phy s .  Chem . 1914  , 78 ,  175-8 . 

VARIABLES :  PREPARED BY : 
Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
* 

Ostwald coefficient , Mole fraction+ at 
partial pressure 
of 10 1 . 3  kPa , xCH � 

2 8 3 . 15 
2 8 8 . 1 5 
29 3 . 1 5 
2 9 8 . 1 5 
3 0 3 . 1 5 

L 

0 . 3 8 4 1  
0 . 3 8 7 6  
0 . 3 9 0 7  
0 . 3 9 3 3  
0 . 3 9 5 6  

0 . 00139  
0 . 00139  
0 . 00138  
0 . 00138  
0 . 00137 

* Smoothed values obtained from the equation . 

kT ln L = 1 , 09 9 . 8  + 4 . 7 81 (T/K) - 0 . 0 0 9 8 8  (T/K ) 2 cal mol-1 
where k is in units of cal mol-1 K- 1 

+ calculated by compiler assuming the ideal gas law for 
methane . 

AU XILI ARY INFORMATION 

ME THOD /APPARATUS /PROCEDURE : 

The apparatus was similar to that 
described by Ben-Naim and Baer ( 1 )  
and Wen and Hung ( 2 ) . It consists 
of three main parts , a dissolution 
cell of 300 to 6 0 0  cm 3 capacity ,  
a gas volume measuring column , and 
a manometer . The solvent is 
degassed in the dissolution cel l ,  
the gas i s  introduced and dis solved 
while the liquid is kept stirred 
by a magnetic stirrer immersed in 
the water bath. Dis solution of 
the gas results in the change in 
the height of a column of mercury 
which is measured by a cathetome ter . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson sample , purity 9 9 . 9  
mol per cent . 

2 .  AR grade . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  ox = ± 2 %  
CH� 

( estimated by compiler) 

REFERENCES : 

1 .  Ben-Naim , A . ; Baer , S .  
T�ans . Fa�aday Bo a .  196 3, 59 ,  
2735 . 

2 .  \'len , W . -Y . ; Hung , J . H .  
J .  Phys . Chern. 1910 , 7 4 , 110  



Ethers 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane � CH4 � [ 74 - 8 2- 8 ]  Gallardo , M . A . � urieta 
G t . 

, J . S . ;  
( 2 )  1 , 4-Dioxane � c4 H902 � [12 3-91-1]  

u �errez Losa ,  c .  

VARIABLES : 
T/K = 2 85 . 15 - 3 03 . 15 

p 1/kPa = 101 . 3 

J .  Chim. Phy s .  Phy s .  Chim. Bio Z .  
1 9 8 3, 8 0, 621- 5 .  

PREPARED BY : 

H .  L .  Clever 

EXPERIMENTAL VALUES : 

T/K 

2 8 5 . 15 
2 89 . 15 
2 9 3 . 15 
2 98 . 15 
3 0 3 . 15 

Mol Fraction 

1. 4 0 0  
1 .  3 9 3  
1 .  3 8 3  
1 .  3 7 2  
1 .  3 6 1  

The authors fitted the data t o  the 
equation 

- ln x1 = 0 . 4 6 1  ln (T/K) + 3 . 9 6 5  

from which they obtained thermo
dynamic changes for the transfer of 
one mole methane from the gas at 
one atm to the hypothetical x1 = 1 
solution of 

LlH 0 /kJ mol"" 1 = -1 . 14 and 

!lS 0 /J K -i mor 1 = - 5 9 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

651 

The apparatus is similar to that 
used by Ben-Naim and Baer ( ref 1 ) . 
It is described in detail in an 
earlier paper (ref 2 ) . 

( 1 )  Methane. Sociedad Espanola 
del Oxigeno . 9 9 . 9 5 mol percent . 

Literature 1 , 4-dioxane vapor 
pressure data were fitted to the 
equation 

ln (p/kPa) = -4 5 9 1 . 3/ (T/K) 
+ 16 . 9 8 

( 2 )  1 , 4-Dioxane . Merck and Co . 
Purity checked by GLC to be 
,;;:, 9 9  percen t .  

ESTIMATED ERROR: 

oT/K = ± 
op 1/mmHg = ± 

oxl/  xl= ± 

REFERENCES : 

0 . 1  
0 . 0 4 
0 . 0 0 7  (authors ref 2 )  

1 .  Ben Naim, A . ; Baer , s .  
Trans .  Faraday Soc • •  1 9 6 3 ,  5 9 ,  2 7 3! 

2 .  carnicer ,  J . ; Gibanel , F . ; 
Urieta , J . S . � Gutierrez Losa , C .  
Re v .  Acad.  Ciencias Z aragoza 
1 9 7 9 ,  3 4 ,  115-2 2 .  



652 Ethers 

COMPONENTS : 

( 1 )  Methane : CH4 : [ 7 4-82-8 ]  

( 2 )  1 , 4-Dioxane : c4H8o2 1 [12 3-91-1 ] 

VARIABLES : T/K = 2 8 5 . 15 - 303 . 15 
P 1/kPa = 1 0 1 . 325 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Gallardo , M. A . 1 Urieta , J .  S . 1  
Gutierrez Losa , C .  

J.  Chim. Phy s .  Phy s . -Chim . B io Z .  
1 9 8 3 ,  8 0 ,  621-5 . 

PREPARED BY : 
H .  L .  Clever 

T/K Mol Fraction 

10 4 x 1 
2 8 5 . 1 5 14 . 00 
2 8 9 . 15 13 . 93 
2 9 3 . 15 13 . 8 3 
2 9 8 . 15 13 . 72 
3 0 3 . 15 13 . 61 

The authors fit their data to the equation 

- ln x1 = - 0 . 461  ln (T/K) + 3 . 9 6 5  

from which they obtained 

6Hf/kJ mol- 1 = - 9 . 04 and 

6Sf /J K- 1 mol- 1 = -69 . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

The solubility apparatus was 
simi lar to that used by Ben-Naim and 
Baer (ref 1) . It consisted of a gas 
buret , mercury manometer , and 
solution vessel .  The solvent was 
degassed in the solution vessel . 
Measurements were carried out on the 
vapor saturated gas . The vapor 
pressure of the solvent was taken 
from the literature . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Sociedad Espanol del 

Oxigeno . Stated to be 9 9 . 9 5 
percent pure . 

( 2 )  1 , 4-Dioxane . Merck . Purity equal 
or better than 99 percent . 
Checked by GLC . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1  

oxl/x l = ± 0 . 01 

REFERENCES : 
1 .  Ben-Naim , A . 1 Baer , s .  

T�ans . Fa�aday Soc .  1963,  5 9 , 2 7 3 5  



Ethers 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -82-8 ] Guerry , D .  'Jr . 

( 2 )  Cyclic ethers : c4 H80 ,  c4H8o2 , 

c5H8o ,  and c5H1 0o 

Ph . D .  thesis , 1 9 4 4  
vanderbilt university 
Nashville , TN 

VARIABLES :  
T/K : 

P/kPa : 
2 9 3 . 15 ,  2 9 8 . 15 
1 0 1 . 3 2 5  ( 1  atm) 

Thesis Director : L .  J .  Bircher 

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 

----�T�/�K��M�o�l�F�r�a�c�t���·o�n�---B�u�n�s�e�n-------,O�s�t�w7.a�l�d.----
4 Coefficient Coefficient x1 x 10 a L 

Tetrahydrofuran ; c4 H8 o ;  [ 1 0 9 - 9 9 - 9 ]  
2 9 3 . 15 1 9 . 4  0 . 537  0 . 57 6  
2 9 8 . 15 1 9 . 4  0 . 53 2  0 . 5 8 1  

1 , 4-Dioxane ; c4 H8o2 ; [ 12 3 - 9 1- 1 ]  
2 9 3 . 15 13 . 4  0 . 3 5 2  0 . 3 7 8  
2 9 8 . 1 5 1 2 . 9  0 . 3 3 8  0 . 3 6 9  

2 , 3-Dihydropyran ;  c5H80 ;  [ 2 5 51 2 - 6 5 - 6 ]  

2 9 3 . 15 1 9 . 4  0 . 4 8 0  0 . 51 5  
2 9 8 . 15 1 9 . 4  0 . 47 8  0 . 5 2 2  

Tetrahydro-2H-pyran ; c5H1 0o ;  

2 93 . 15 2 3 . 2  0 . 5 3 6  
2 9 8 . 15 23 . 3  0 . 5 3 6  

[ 14 2-68-7 ] 
0 . 57 5  
0 . 5 8 5  

The Ostwald coeffic ients were calculated by the 
compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

653 

The apparatus was a modified Van 
Slyke-Neill Manometric Apparatus 
manufactured by the Eimer and Amend 
Co . 

Tetrahydrofuran . Eastman Kodak Co . 
B . p .  ( 7 5 2 . 7  mmHg) t/ °C 6 5 . 5 0 - 6 5 . 54 .  

The procedure of Van Slyke ( 1 )  for 
pure l iquids was modi f ied ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost 1 0 0  per 
cent recovery of the sample . 
An improved temperature control 
system was used .1 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by hydrolysis 

of crystaline methyl Grignard 
reagent . Passed through cone . 
H2so4 , solid KOH , and Dririte . 

( 2 )  Cyclic ethers . The ethers were 
fractionally distilled from over 
Na in a nitrogen atmosphere . In 
addition to the solubility data 
the thesis contains measured 
values of refractive index , 
density , vapor pressure and b . p .  

1 , 4 -Dioxane . Eastman Kodak Co . 
B . p .  ( 7 4 3 . 7  mmHg ) t/ ° C  1 0 0 . 8 1 - 1 0 0 . 82 .  
Dihydro-2H-pyran . Prepared from 
tetrahydrofurfuryl alcohol . B . p .  
( 7 4 3 . 6  mmHg) t/ °C 8 4 . 8 1  - 8 4 . 8 9 .  
Tetrahydro-2H-pyran . Prepared by 
catalytic reduction of dihydro-2H
pyran . B � pj

. ( 7 5 0 . 6  mmHg )  t/ ° C  8 7 . 51 -
87 52 A.L b . n  are corrected . 

ESTIMATED ERROR: 

o T/K = 0 . 05 

REFERENCES : 
1 .  Van Slyke , D .  D .  

J .  Bio Z .  Chern . 1 9 3 9 , 1 3 0 ,  5 4 5 .  
2 .  Ij  ams , C .  C .  

Ph . D .  thesis , 1 9 4 1  
Vanderbilt University 



654 Ethers 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82- 8 ]  

2 .  Methoxybenzene (Anin o�e ) ;  
C , H a O;  [ 100-66- 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Gibanel , F . ; Urieta , J .  S . ; 
Gutierrez Losz , c .  
J .  Chim . Phy s .  

1 9 8 1 ,  ? 8 ,  171-17 4 .  

PREPARED BY : 

c .  L .  Young 

10 4 Mole fraction of methane at 
T/K 1 atm partial pressure 

1 0 \ cCH4 

2 83 . 15 16 . 51 2 
2 8 8 . 15 16 . 30 8  
2 9 3 . 15 16 . 14 9 
2 9 8 . 15 15 . 9 7 6 
3 0 3 . 15 15 . 8 1 8  

Smoothing equation given in source 

ln xc8 4 = 0 . 6 2 5  ln ( T/K) + 2 . 8 76 . 

AUXILI ARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Solubility apparatus was similar to 
that used by Ben-Naim and Baer ( 1 ) , 
consisting essentially of a gas 
buret,  mercury manometer and solu
tion vessel .  The solvent was de
gassed in the solution vesse l .  
Measurements were carried out on the 
saturated gas . It appears that the 
mole fraction at a partial pres sure 
of 1 atmosphere was estimated from 
the raw experimental data by 
assuming that Henry ' s  law is obeyed 
and that the partial pressure of 
solvent in the gas phase is given 
by Raoult ' s  law. 

SOURCE AND PURITY OF MATERIALS : 

1 .  Sociedad Espanola del Oxigeno 
sample , purity 99 . 95 mole per 
cent. 

2 .  Fluka product , purity equal to 
or better than 99 mole per cent , 
checked by GC . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oxCH 4 = ± 4 %  

(es timated by compiler) • 

REFEREN CES : 

1 .  Ben-Naim, A . ; Baer , s .  

Trans . Faraday Boa . 

19 6 3 ,  5 9 , 2 7 3 5 . 



Other Organic Compounds Containing Oxygen 

COMPONENTS : 

( 1 )  Methane ; cH4 ; [ 7 4 - 8 2- 8 ]  

( 2 )  2 -Propanone o r  acetone ; c3H6o ;  
[ 6 7 -6 4 - l ]  

CRITICAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 3 0 3 2 2  USA 

1 9 8 5 , April 

655 

Horiuti (ref 1 )  measured seven values of the solubility of methane in 
2 -propanone between 1 9 6 . 55 and 3 0 3 . 15 K. Lannung and Gj aldbaek ( ref 2 )  
measured six values between 2 9 1 . 15 and 3 1 0 . 15 K .  Both laboratories have the 
reputation of carrying out reliable measurements . The Lannung and G j aldbaek 
mole fraction solubilities run about two percent larger than the Horiuti 
values over the common 2 9 1  - 3 1 0  K temperature interval . 

Both sets of data are classed as tentative . All data in both papers 
were combined in a l inear regression to obtain the equation for the 1 9 3  -
313 K temperature interval of 

ln x1 = - 1 3 . 6 3 8 8  + 1 1 . 3 8 5/ (T/10 0  K )  + 3 . 2 3 9 8  ln ( T/10 0  K )  
with a standard error about the regression l ine of 2 . 3 2 x 10- 5 • 

The equation gives temperature dependent values of the enthalpy and 
entropy changes for the transfer of one mole of methane from the gas at 
0 . 1 0 1 3 2 5  MPa to the infinitely dilute solution of : 

T/K M � /kJ mol- 1 t.s � !J r l mol- 1 !;;C o  /J K- 1 p !  mol- 1 

2 1 3 . 15 - 3 . 7 2  - 6 6 . 1  2 6 . 9  
2 4 3 . 15 -2 . 9 2  - 6 2 . 5  2 6 . 9  
2 7 3 . 15 -2 . 11 - 5 9 . 4  2 6 . 9  
2 9 8 . 15 -1 . 4 3 -5 7 . 0  2 6 . 9  

Smoothed values of the mole fraction solubility are in Table 1 .  

Table 1 .  The solubility o f  methane in 2-propanone . Tentative 
values of the mole fraction solubility as a function 
of temperature at a methane partial pressure of 
0 . 1 0 1 3 2 5  MPa .  

T/K l 0 3 x 1 T/K 1 0 3 x 1 

1 9 3 . 15 3 . 6 5 5  2 8 3 . 15 1 .  9 3 8  
2 0 3 . 15 3 . 2 2 1  2 8 8 . 15 1 . 9 1 3  
2 1 3 . 15 2 . 8 9 3  2 9 3 . 15 1 .  8 9 1  
2 2 3 . 15 2 . 6 4 2  2 9 8 . 15 1 . 87 2  
2 33 . 15 2 . 44 7  3 0 3 . 15 1 .  8 55 
2 4 3 . 15 2 . 2 9 3  3 0 8 . 15 1 . 84 0  
2 5 3 . 15 2 . 1 7 2  3 1 3 . 15 1 . 82 7  
2 6 3 . 15 2 . 0 7 5  
2 7 3 . 15 1 .  9 9 9  

A three constant smoothing equation for the Horiuti data only appears 
on the Horiuti data sheet . The two equations give negligably different 
solubility values between 1 9 3  and 2 5 3  K. From 2 8 3  to 313 K the equation 
above gives mole fraction solubility values that range from 0 . 9 4 to 1 . 7 3 
percent larger than the equation based on only the Horiuti data . 

REFERENCES :  

1 .  Horiuti ,  J .  Sai .  Pap . Ins t .  Phy s .  Chem. Re s .  (Jpn) 1 9 31/32 .  1 7 . 
1 2 5  - 2 5 6 . 

2 .  Lannung , A . ; G j aldbaek , J .  c .  Aata Chem. Saand. 1 9 6 0 .  1 4 .  
1 1 2 4  - 8 .  

M-v 



656 Other Organic Compounds Containing Oxygen 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 - 8 ]  

( 2 )  2-Propanone o r  acetone ; c3H60 ;  
[ 6 7 - 6 4 -1 )  

VARIABLES :  
T/K : 

p 1 /kPa : 
1 9 6 . 5 5 - 3 0 3 . 1 5 
1 0 1 . 3 2 5  ( 1 atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Horiuti , J .  

Sci .  Pap . Ins t .  Phy s .  Chem . Res . 
(Jpn)  1 93 1/3 2 , 1 ? ,  1 2 5  - 2 5 6 . 

PREPARED BY : 
M .  E .  Derrick 
H .  L .  Clever 

T/K Mol Fraction 
1 0 3 :c  

Bunsen 
Coefficient 

Ostwald 
Coefficient 

1 9 6 . 55 
2 1 2 . 55 
2 3 2 . 1 5 
2 51 . 3 5 
2 7 3 . 15 
2 93 . 15 
3 0 3 . 15 

1 
3 . 4 9 6  
2 . 9 0 9  
2 . 4 63 
2 . 18 7  
1 .  9 8 2  
1 . 8 7 7  
1 . 8 2 2  

a/cm3 ( STP ) cm- 3 atm- 1 
1 .  2 1 3  

L/cm3 cm- 3 
0 .  8 7 2 6  
0 . 7 6 9 9  
0 . 6 9 4 3  
0 . 6 5 1 3  
0 . 62 3 2  
0 . 6 1 6 5  
0 . 6 1 0 1  

0 . 9 8 9 4  
0 . 8 1 6 9  
0 . 7 0 7 8  
0 . 6 2 3 2  
0 . 5 7 4 4  
0 . 5 4 9 7  

The mole fraction and Bunsen coefficient values were calculated b y  the com
piler with the assumption the gas i s  ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 1 9 6 . 5 5 and 3 0 3 . 15 K .  

ln x 1 = -13 . 1 6 2 3  + 1 0 . 8 09 2 / ( T/lOOK) + 2 . 9 6 8 3  ln ( T/lO OK )  
The standard error about the regression l ine is  5 . 8 5 x 1 0- 6 • 

T/K Mol Fraction T/K Mol Fraction 
1 0 3 :c  1 1 0 3 :c 1 

1 9 8 . 15 3 . 42 3  2 7 3 . 15 1 .  9 8 5  
213 . 1 5 2 . 8 9 5  2 8 8 . 15 1 . 8 9 3  
2 2 8 . 1 5 2 . 53 8  2 9 8 . 15 1 .  8 4 7  
2 4 3 . 15 2 . 2 8 9  3 0 8 . 15 1 . 81 1  
258 . 15 2 . 11 2  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The apparatus consi sts of a gas buret, ( 1 )  Methane . Aluminum carbide was 
a solvent reservoir , and an absorp- prepared from aluminum and soot 
tion pipe t .  The volume of the pipet carbon . The alumnium carbide was 
is determined at various meniscus treated with hot water . The gas 
heights by weighing a quantity of evolved was scrubbed to remove 
water . The meniscus height is read impuritie s ,  dried and fraction-
with a cathetometer . ated . Final product had a 

density , p/g dm- 3 = 0 . 7 1 6 8± 0 . 0 0 0 3  
a t  normal conditions . The dry gas i s  introduced into the 

degassed solvent . The gas and solvent 
are mixed with a magnetic stirrer 
until saturation . Care is taken to 
prevent solvent vapor from mixing 
with the solute gas in the gas buret . 
The volume of gas is determined from 
the gas buret readings , the volume 
of solvent is determined from the 
meniscus height in the absorption 
pipet . 

( 2 )  Acetone . Nippon Pure Chemical Co . 
or Merck . Extra pure grade . Re
crystallized with sodium sulfite 
and stored over calcium chloride . 
Fractionated , boil ing point 
( 7 6 0  mmHg) 5 6 . 0 9 ° C .  

ESTIMATED ERROR:  o T/K = O . O S 
a:c 1!:c1 = o . o1 

REFERENCES : 



Other Organic Compounds Containing Oxygen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1) Methane : CH4 : [ 7 4 - 8 2 - 8 ] 

(2 )  2 -Propanone or aceton e ;  

Lannung , A . : Gjaldbaek , J .  c .  

A ata Chern. Saand .  1 9 6 0, 1 4,  
1 1 2 4  - 112 8 .  C3H60 ; [ 6 7- 6 4 - l ]  

VARIABLES : 
T/K = 2 9 1 . 15 - 3 10 . 15 

PREPARED BY : 

p 1/kPa = 101 . 32 5  ( 1  atm) J .  Chr . Gjaldbaek 

EXPERIMENTAL VALUES : 

Smoothed 

T/K Mol Fraction Bunsen Ostwald 
1 0 3 x Coefficient Coefficient 

1 a/cm 3 ( STP ) cm- 3 atm- 1 L/cm 3 cm- 3 
2 9 1 . 15 1 .  94  0 . 5 9 3  0 . 6 3 2  
2 9 1 . 15 1 .  94  0 . 5 94  0 . 6 3 3  
2 9 8 . 15 1 . 87 0 . 56 6  0 . 61 8  
2 9 8 . 15 1 . 8 5 0 . 5 6 2  0 . 61 3  
3 1 0 . 15 1 . 84 0 . 5 4 8  0 . 6 2 2  
3 1 0 . 15 1 . 8 4 0 . 5 4 6  0 . 6 2 0  

Data : For use between 2 91 . 15 and 3 1 0 . 15 K .  

ln x 1 = -7 . 0 6 3 3  + 2 . 3 5 65/ (T/ 1 0 0  K )  
The standard error about the regression l ine is  2 . 4 6 x lo- 5 •  

T/K Mol Fraction 
1 0 3x 

2 9 8 . 15 1 . 8 9  
3 0 8 . 15 1 . 8 4  

1 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

657 

A calibrated all-glass combined 
manometer and bulb containing 
degassed solvent and the gas was 
placed in an air thermostat and 
shaken until equilibrium ( 1 ) . 

( 1 )  Methane . Generated from 
magnesium methyl iodidie . 
Purified by fractional distill
ation . Specific gravity corres
ponds with mol wt 16 . 0 8 .  

The absorbed volume of gas is  
calculated from the initial and fina 
amounts , both saturated with solvent 
vapor .  The amount of solvent is  
determined by the weight of dis
placed mercury . 

The values are at 1 0 1 . 3 2 5  kPa ( 1  
atm) pressure assuming Henry ' s  law 
is obeyed . 

( 2 )  2-Propanone . Kahlbaum. " Zur 
analyse " .  Contained no water , 
aldehyde or acid . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 5 
o:r:1 !:r:1 = ± o . ol5 

REFERENCES : 

1 .  Lannung , A .  
J .  Am . Chern . Soa . 1 9 3 0, 5 2 ,  6 8 . 



658 Other Organic Compounds Containing Oxygen 

COMPONENTS : 

( 1 )  Methane 1 CH4 1 [ 74-82-8 ] 

( 2 } 2-Propanone or acetone 1 
c3H60 1  [ 6 7 -64-1]  

VARIABLES : 

T/K = 2 3 8  - 2 7 8  
P t/kPa = 1 9 9  - 401  

EXPERIMENTAL VALUES : 

Temperature Total 
Pres sure 

-35  2 3 8  

-15 2 5 8  

5 2 7 8  

P t/kPa 

199  

300 
401  

199  
300  
4 0 1  

4 0 1  

ORIGINAL MEASUREMENTS : 

Hronec , M . 1 Hagara , A. 1 Ilavsky , J .  

Petroahemia 1 9 8 3 ,  2 3  ( 2/3 ) , 111-5 . 

PREPARED BY : 
H .  L .  Clever 

Mol Fraction Kuenen 
3 Coefficient 

10 x 1 S/cm 3 ( STP ) g- 1  

1 . 6  0 . 6  
2 . 1  o . a  
3 . 4  1 . 3  
8 . 0  3 . 1  
8 . 8  3 . 4  

0 . 2 1 0 . 0 8 
1 . 8  0 . 7  
5 . 2  2 . 0  
3 . 6  1 . 4  

2 . 6  1 . 0  

The mole fraction solubility values were calculated by the 
compiler assuming ideal behavior . 

Acetone vapor pres sures given in the paper are : 

-35  -15 
1 . 075  3 . 8 2 3  

5 
12 . 107  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A volumetric method described 
in the paper . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Analyzed by GLC� 

Contained 2 % impurity which 
was mostly nitrogen . 

( 2 )  Acetone . Contained 0 . 5  % water . 

ESTIMATED ERROR: 

op t/kPa = ± 5 
oxl /xl = ± 0 . 2 0  (compiler) 

REFERENCES : 



Other Organic Compounds Containing Oxygen 659 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  2-Propanone or acetone ; 
C3H60 ;  [ 6 7-6 4-1 ]  

VARIABLES : T/K = 
P t/MPa = 

EXPERIMENTAL VALUES : 

2 9 8 . 2 ,  323 , 2  
1 . 06 - 11 . 75 

Yokoyama , C . ; Masuoka , H . ; Aral , K . ; 
Saito , s .  

J .  Chern.  Eng .  Data 1985,  J O ,  
1 7 7- 9 .  

P REPARED BY : 
H .  L .  Clever 

---------------------------------------------
Temperature Total Mol Fraction 

Pressure Liquid Vapor 

2 5 . 0  2 9 8 . 2  

50 . 0  323 . 2  

P t/MPa 

1 . 71 
2 . 2 8 
3 . 5 5 
4 . 51 
5 . 4 9 
7 . 08 
8 . 19 
9 . 16 

10 . 10 
11 . 6 8 

l .  0 6  
1 . 5 0 
2 . 0 7 
3 . 0 7 
4 . 2 8  
5 . 0 0 
5 . 98 
7 . 05 
8 . 2 5 
9 . 5 9  

10 . 7 3  
11 . 7 5 

:x:l y l 

0 . 0 3 6 7  0 . 9 7 5 3  
0 . 0 4 34 0 . 9 7 8 9 
0 . 0 6 7 0  0 . 9 8 6 6  
0 . 0911  0 . 9 8 7 1  
0 . 1116 0 . 9 8 8 0  
0 . 14 4 3  0 . 9 8 7 3  
0 . 15 9 8  0 . 9 8 7 2  
0 . 1866  0 . 9 8 7 0  
0 . 19 9 7  0 . 9 8 6 8  
0 . 2 2 8 7  0 . 9 8 5 3  

0 . 0153  0 . 9124  
0 . 02 2 3  0 . 9 3 6 3  
0 . 0341  0 . 9 5 2 3  
0 . 0 5 0 9  0 . 9 6 2 7  
0 . 0 7 2 5  0 . 9 6 9 8  
0 . 0 8 2 2  0 . 9 7 0 7  
0 . 0 9 9 4  0 .  9713  
0 . 12 0 0  0 .  9 7 1 8  
0 . 1360  0 .  9 7 2 9  
0 . 16 4 7  0 .  9 7 2 9  
0 . 17 8 2  0 .  9 715 
0 . 19 5 0  0 .  9711 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The equipment consists of an equil

ibration system and an analysis sys
tem . The procedures are es sentially 
the same as those used by King e t  a Z .  
(ref 1 )  and Kubota e t  a Z .  (ref 2 ) . 
The equilibration system is in a 
thermostated water bath . The analysis 
sys tem is in an air bath at 100 ° c to 
avoid condensation problems . 

Details of degas sing , equilibration 
and sampling procedures were not 
given . The composition analysis was 
made by gas chromatograph and 
digital integrator.  Calibration 
curves were obtained from mixtures 
of known composition . 

( 1 )  Methane . Takachiho Kagaku Co . ,  
Ltd . Used as  received . 

( 2 )  2-Propanone . Doj in Yakugaku Ltd . 
Used as received. 

A trace analysis of the components 
found no measurable impurities . The 
samples were used without further 
puri fication . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 5 

op t/MPa = ± 0 . 0 1 
o:x:1;:x:1 = ± o . o1 5  

REFERENCES : 
1 .  King ,M .B . ; Alderson , D .A . ; Fallah , F . ; 

Kas sim , D . M . ; Sheldon , J . R. ; Mahmud , R. 
Chemi cal EngineePing at  SupeP
aPitiaaZ Co ndi tions ; Paulatis , M . E . 
e t  a Z .  , Editors , Ann Arbor Science , 
198 3 ,  p .  3 1 .  

2 .  Kubota , H . ; Inatome , H . ; Tanaka , Y . ; 
Makita , T .  J . Chem. En g. Jp n .  1983, 1 6, 9 9 .  



660 Othe r  Orga nic Com pounds Containing Oxygen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

{ 1 )  Methane ; CH4 ; [ 74-82-8 ] 

{ 2 )  Cyclopentanone ; c5H8o ;  
[12 0-92-3 ] 

Gal lardo , M .  A . ; L6pez , M .  c .  
Urieta , J .  S . ;  Gutierrez Losa , c .  

VARIABLES : T/K = 2 7 3 . 15 - 303 . 1 5 
p 1 /kPa = 10 1 . 3  

IUPAC Conference of Chemical Thermo
dynamics , 19 8 4 ,  Paper No . 4 7 .  

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES : 
T/K Mol Fraction 

10 4 x 1 
2 7 3 . 15 15 . 7  

2 8 3 . 15 15 . 2  

2 9 3 . 15 14 . 7  

2 98 . 15 14 . 5  

3 0 3 . 15 1 4 . 3  

The authors fit their data to the equation 

- ln x 1 = 0 . 887  ln (T/K) + 1 . 4 8 1  

from which they obtained the thermodynamic 
ch ges 

6H �/kJ mol- 1 = - 2 . 2 0 and 

68 �/J K- 1  mol- 1  = -62 . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The solubility apparatus was 
similar to that used by Ben-Naim 
and Baer (ref 1 ) . It consisted of a 
gas buret , mercury manometer , and 
solution vessel . The solvent was 
degassed in the solution vesse l .  
Measurements were carried out o n  the 
vapor saturated gas . 

SOURCE AND PURITY OF MATERIALS : 

(1 )  Methane . Sociedad Espanol del 
Oxigeno . Stated to be 9 9 . 9 5 
percent pure . 

( 2 )  Cyclopentanone . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1  

oxl/xl = ± 0 . 01 

REFERENCES : 
1 .  Ben-Naim , A . ; Baer , s .  

Tvan s .  Favaday Soa .  1 9 6 3 ,  5 9 , 2 7 3 5 . 



Other Organic Compou nds Containing Oxygen 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -8 2 - 8 ]  

( 2 )  Cyclohexanone ; c6H10o ;  
[ 1 0 8-94-1]  

VARIABLES : 
T/K : 

P/kPa : 
293 . 1 5 ,  2 9 8 . 1 5 
101 . 3 25 ( 1  atm) 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 
4 x1 x 10  

2 93 . 15 16 . 1  
298 . 15 16 . 1  

ORIGINAL MEASUREMENTS : 
Guerry , D .  Jr . 

Ph . D .  thesis , 1944  
Vanderbilt University 
Nashville , TN 

Thesis Director : L .  J .  Bircher 

PREPARED BY : 

Bunsen 
Coefficient 

Ct. 

0 . 34 9  
0 . 3 47  

H .  L .  Clever 

Ostwald 
Coeffic ient 

L 
0 . 37 5  
0 . 37 9  

The Ostwald coefficients were calculated by the 
compiler . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
A Van Slyke-Ne ill Manometric Appara
tus manufactured by the Eimer and 
Amend Co . was used . 
The procedure of Van Slyke ( 1 )  for 
Pure liquids was modified ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost complete 
recovery of the sample . 
An improved temperature control 
system was used . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by hydrolysis 

of crystaline methyl Grignard 
reagent . Pas sed through cone . 
H2 so4 , solid KOH , and Dririte . 

( 2 )  Cyclohexanone . Eastman Kodak Co . 
Purif ied , distilled , b . p .  ( 7 5 4 . 5  
mmHg) t/°C 155 . 1 9 .  Refractive 
index , density , and vapor pre s
sure data are in the thesis . 

ESTIMATED ERROR: 

o T/K = 0 . 0 5 

REFERENCES : 
1 .  Van Slyke , D .  D .  

J. Bio Z .  Chern.  1 93 9 ,  1 3 0 , 54 5 .  

2 .  !jams , C .  c .  
Ph . D .  thes is , 1 9 4 1  
vanderbilt University 

661 



662 Other Organic Compounds Containing Oxygen 

COMPONENTS : 
{ 1 )  Methane : CH4 : [ 7 4 - 8 2 - 8 ]  

{ 2 )  Acetic acid , methyl ester or 
methyl acetate : c3H 6o2 : [ 7 9-20-9]  

VARIABLES : 
T/K : 

p 1/kPa : 
1 9 6 . 5 5 - 3 03 . 15 
101 . 3 2 5  { 1  atrn) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Horiuti , J .  

Sci . Pap . Ins t .  Phys . Che rn .  Res . 
(Jpn)  1931/3 2 , 1 7 ,  1 2 5 - 2 5 6 .  

PREPARED BY : 
M .  E .  Derrick 
H .  L .  Clever 

T/K Mol Fraction 
10 3 a: 

Bunsen 
Coefficient 

Ostwald 
Coefficient 

19 6 . 55 
212 . 55 
2 3 1 . 55 
2 5 2 . 7 5  
2 7 3 . 15 
2 9 3 . 15 
303 . 15 

1 
3 . 2 84  
2 . 8 34 
2 . 4 8 2  
2 . 2 4 5  
2 . 0 8 7  
1 .  9 8 5  
1 .  9 3 2  

a/cm3 {STP) cm- 3 atrn- 1 
1 . 0 5 2  

L/cm3 cm- 3 
0 . 7 571  
0 . 6 9 2 6  
0 . 6454  
0 . 6203  
0 . 6 0 6 8  
0 . 6 0 3 2  
0 . 5 9 8 7  

0 . 8 9 01 
0 . 7614 
0 . 6704  
0 . 6068  
0 . 5 6 2 0  
0 . 5 3 9 5  

The mole fraction and Bunsen coeff icient value s were calculated by the com
piler with the assumption the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 1 9 6 . 5 5 and 303 . 15 K .  

The 2 9 3 . 15 K value was omitted from the linear regression . 
ln a:1 = -11 . 2 954  + 8 . 1182/ {T/lO OK) + 2 . 13 7 5  ln {T/lOOK) 
The standard error about the regression line is 9 . 4 6 x 10- 6 • 

T/K Mol Fraction T/K Mol Fraction 
10 3 a: 10 3 a: 1 1 

19 8 . 1 5  3 . 2 2 6  2 7 3 . 15 2 . 0 8 0  
213 . 1 5 2 . 8 2 6  2 8 8 . 1 5 1 . 9 9 7  
2 2 8 . 15 2 . 54 4  2 9 8 . 15 1 .  9 5 5  
2 4 3 . 15 2 . 34 0  3 03 . 15 1 .  9 3 7  
2 5 8 . 15 2 . 191 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus cons ists of a gas buret, 
a solvent reservoir , and an absorp
tion pipet . The volume of the pipet 
is determined at various meniscus 
heights by weighing a quantity of 
water . The meniscus height is read 
with a cathetometer . 

The dry gas is introduced into the 
degassed solvent . The gas and solvent 
are mixed with a magnetic stirrer 
until saturation . Care is taken to 
prevent solvent vapor from mixing 
with the solute gas in the gas buret .  
The volume of  gas i s  determined from 
the gas buret readings , the volume 
of solvent is determined from the 
meniscus height in the absorption 
pipet.  

SOURCE AND PURITY O F  MATERIALS : 
{ 1 )  Methane . Aluminum carbide was 

prepared from aluminum and soot 
carbon . The aluminum carbide was 
treated with hot water . The gas 
evolved was scrubbed to remove 
impurities , dried and fraction
ated . Final product had a 
density , p/g drn- 3 = 0 . 7 168± 0 . 0003  
at  normal conditions . 

{ 2 )  Methyl acetate . Merck . Extra 
pure grade . Dried with P205 . 
Distilled several times . Boiling 
point { 7 6 0  rnrnHg) 57 . 1 2 °C . 

ESTIMATED ERROR: 

REFERENCES : 

o T/K = 0 . 05 
oa: 1!x 1 = o . o 1 



Other Organic Compounds Containing Oxygen 663 

COMPONENTS : 

1 .  Methan e ;  CH ; [ 7 4 - 8 2 - 8 ] 
2 .  Carbon d iox! de ; CO ; [ 1 2 4 - 3 8 - 9 ] 
3 .  Hydrogen ; H 2 ; [ 1 3 3 3 - 7 4 - 0 ] 
4 .  Nitrogen ; N , ;  [ 7 7 2 7 - 3 7 - 9 ] 
5 .  4 -Methy l - 1 , 3 - d ioxo l an - 2 -one , 

( Propy l e ne carbonate ) ;  C � H 6 0 j  ; 
r l o R - 1 ? - 7 1 

VARI ABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K Total pre s s ure Gas Part i a l  
p/atm p/Mpa p/atm 

2 8 3 . 2  1 0 . 6  1 .  0 7  co , 2 . 3  
N a 2 . 1  
Hz 6 . 0  
CH� 0 . 2  

1 8 . 6  1 .  8 8  C02 4 . 1  
N z 3 . 5  
H z 1 0 . 6  
CH, 0 . 4  

2 5 . 4  2 . 5 7 C02 6 . 2  
N z 4 . 7  
Hz 1 3 . 9  
CH� 0 . 6  

3 1 . 3  3 . 1 7 C02 1 1 . 3  
N z 6 . 2  
Hz 1 2 . 9  
CH� 0 . 9  

3 8 . 6  3 . 9 1 C02 1 4 . 2  
N z 1 3 . 4 

. Hz 1 0 . 1  
CH� 0 . 9  

2 9 3 . 2  9 . 6  9 . 7  C02 1 . 4  
N z 2 . 8  
Hz 5 . 1  
CH� 0 . 3  

AUXI LI ARY 

METHOD APPARATUS /PROCEDURE : 

Vo l umetr i c  method . Pres sure 
mea sured when known amounts of 
gas were added , i n incremen ts , to 
a known amount o f  l iquid in a 
vesse l  o f  known d imen s i ons . 
Exact procedure for c a l c u l ating 
sol ubi l i ty not c l ear . 

ORIGINAL MEASUREMENTS : 

Rus z , L .  
Ve s zpremi . Vegyip . Egy . Koz Z .  
1 9 6 8 , 1 1 , 1 6 9 - 1 8 0 . 

PREPARED BY : 

C .  L .  Young 

pres sure Mol e  f raction 
p/MPa a i n  l iquid 

0 . 2 3  8 . 7  0 . 0 3 8  
0 . 2 1  0 . 2 2 0 . 0 0 1 0  
0 . 6 1  1 .  6 8  0 . 0 0 7 6  
0 . 0 2 0 . 1 3 0 . 0 0 0 6  
0 . 4 2 1 4 . 5  0 . 0 6 2 0  
0 . 3 5  0 . 7 3 0 . 0 0 3 3  
1 .  0 7  2 . 1 0 0 . 0 0 9 5  
0 . 0 4 0 . 2 4 0 . 0 0 1 1  
0 . 6 3 1 9 . 8  0 . 0 8 2 8  
0 . 4 8 1 .  0 5  0 . 0 0 4 8  
1 .  4 1  3 . 8 5 0 . 0 1 7 2  
0 . 0 6 0 . 1 0 0 . 0 0 0 5  
1 . 1 4  4 1 . 2  0 . 1 5 8  
0 . 6 3 1 .  6 1  0 . 0 0 7 3  
1 .  3 1  2 . 7 4 0 . 0 1 2 3  
0 . 0 9 0 . 6 1 0 . 0 0 2 8  
1 .  4 4  5 6 . 5  0 . 2 0 :,  
1 .  3 6  2 . 5 2 0 . 0 1 1 4  
1 .  0 2  2 . 8 3 0 . 0 1 2 7 
0 . 0 9 0 . 3 2 0 . 0 0 1 5  
0 . 1 4 4 . 9  0 . 0 2 2  
0 . 2 8 0 . 4 5 0 . 0 0 2 0  
0 . 5 2 1 . 1 6 0 . 0 0 5 3  
0 . 0 3 0 . 1 1 0 . 0 0 0 5  

INFORNATION 

SOURCE AND PURl TY OF MATERI ALS : 

ESTIMATED ERROR: 

REFERENCES : 



664 Other Organic Compounds Containing Oxygen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Me than e ;  CH4 ; [ 7 4 - 8 2 - 8 ] Rusz , L .  
2 .  Carbon dioxide ; C02 ; [ 1 2 4 - 3 8 - 9 ] Veszpremi . Vegyip . Egy . Koz l .  
3 .  Hydrogen ; H2 ; [ 1 3 3 3- 7 4 - 0  l 1 9 68 , 1 1  I 1 6 9 - 1 8 0 . 
4 .  Nitrogen ; N2 ; [ 7 7 2 7- 3 7 - 9 ] 
5 .  4 -Methyl - 1 , 3 -dioxol an-2 -one , 

( Propyl ene carbonate ) ;  C4 H6 03 [ 1 08 -3 2 - 7 ] 
-

EXPERIMENTAL VALUES : 

T/K Tota l pressure Gas Partial pressure a Mol e  f ract . 
p/atm p/Mpa p/atm p/MPa in l iquid 

2 9 3 . 2  1 5 . 5  1 5 . 7  C02 1 . 3  0 . 1 3 4 . 7  0 . 02 1 0  
N2 4 . 9  0 . 5 0 0 . 9 6 0 . 0 0 4 4  
H 2 9 . 0  0 . 9 1 1 .  9 4  0 . 00 8 8  
CH4 0 . 3  0 . 0 3 0 . 1 8 0 . 0 0 0 8  

26 . 2  2 . 65 C02 3 . 3  0 . 3 3 7 . 7  0 . 0 3 3 9 
N2 5 . 3  0 . 5 4 1 .  2 5  0 . 0 0 5 7  
H2 1 7 . 1 1 .  73  4 . 4 5  0 . 0 1 9 9  
CH4 0 . 5  0 . 0 5 0 . 2 4  0 .  0 0 1 1  

34 . 9  3 . 5 4 C02 6 . 8  0 . 6 9  1 6 . 6  0 . 0 7 0 3  
N2 1 1 . 2  1 . 1 3 1 .  7 5  0 . 0 0 7 9  
H 2 1 6 . 2  1 .  6 4  3 . 05 0 . 0 1 3 7  
CH4 0 . 7  0 . 0 7 0 . 3 2 0 . 0 0 1 5  

4 2 . 1  4 . 2 7 C02 1 3 . 2  1 .  3 4  36 . 3  0 . 1 4 2  
N2 1 5 . 4  1 .  5 6  3 . 3 2 0 . 0 1 4 9  
H 2 1 2 . 5  1 .  27  3 . 1 5  0 . 0 1 4 2  
CH4 1 . 0  0 . 1 0 0 . 1 2 0 . 0 0 0 5  

30 3 . 2  8 . 8  0 . 8 8 C02 1 . 2  0 . 1 2 3 . 4  0 . 0 1 5 3  
N 2  3 . 1  0 . 3 1 0 . 8 1 0 . 0 0 3 7  
H 2  4 . 4  0 . 4 5 1 .  2 2  0 . 00 5 5  
CH4 0 . 1  0 . 0 1 0 . 1 6 0 . 0 0 0 7  

2 1 . 2  2 . 1 5 C02 2 . 8  0 . 2 8 5 . 6  0 . 0 2 4 9  
N 2  4 . 2  0 . 4 3 o .  7 2  0 . 0 0 3 3  
H 2  1 5 . 0  1 .  5 2  3 . 5 5 0 . 0 1 5 9  
CH4 0 . 2  0 . 0 2 0 . 1 9 0 . 00 0 8 7  

30 . 4  3 . 08 C0 2 7 . 4  0 . 7 5 1 4 . 8  0 . 0 6 3 2  
N 2  7 . 1  0 .  72  2 . 2 0 0 . 0 0 9 9  
H 2 1 5 . 6  1 .  5 8  4 . 70 0 . 02 1 0  
CH 4 0 . 3  0 . 0 3 0 . 2 0 0 . 00 0 9  

39 . 6  4 . 0 1 C0 2 8 . 9  0 . 9 0 1 6 . 9  0 . 0 7 1 5  
N 2 9 . 3  0 . 9 4 1 .  9 2  0 . 0 0 8 7  
H 2  20 . 9  2 . 1 2 5 . 1 6 0 . 02 3 0  
CH 4 0 . 5  0 . 0 5 0 . 1 4 0 . 00 0 6  

4 3 . 7  4 . 4 3 C0 2 1 4 . 6  1 .  4 8  30 . 8  0 . 1 23 1  
N 2 1 4 . 2  l .  4 4  3 . 1 5 0 . 0 1 4 2  
H 2 1 4 . 1  1 .  4 3  3 . 05 0 .·0 1 3 7  
CH 4 0 . 8  0 . 0 8 0 . 2 5 0 .  00 1 1  

3 1 3 . 2  1 0 . 7  1 .  0 8  C0 2 1 . 5  0 . 1 5 2 . 5  0 . 0 1 1 3  
N 2 2 . 6  0 . 2 6 0 . 2 8 0 . 0 0 1 3  
H 2 6 . 4  0 . 6 5 1 .  5 5  0 . 00 7 0  
CH 4 0 . 2 0 . 0 2 0 . 0 9 0 . 00 0 4  

2 1 . 2  2 . 1 5 C0 2 5 . 4  0 . 5 5 6 . 9  0 . 0 3 0 5  
N 2 4 . 8 0 . 4 9 0 . 8 4 0 . 00 3 8  
H 2 1 0 . 6  1 .  0 7  2 . 2 3  0 . 0 1 0 1  
CH 4 0 . 4  0 . 0 4 0 . 3 1 0 . 0 0 1 4  

29 . 1  2 . 9 5 C0 2 7 . 4  0 . 7 5 9 . 6  0 . 0 4 1 9  
N 2  7 . 3  0 . 7 4 1 . 1 3 0 . 00 5 1  
H 2  1 3 . 9  1 .  4 1  3 . 6 5 0 . 0 1 6 4  
CH 4 0 . 5  0 . 0 5 0 . 2 3 0 . 00 1 0  

cont . 



Other Organic Compounds Contain ing Oxygen 665 

COMPONENTS : 

1 .  Methan e ;  CH, ; [ 7 4 - 8 2 - 8 ] 
2 .  Carbon dioxide ; C02 ; [ 1 24 - 3 8 - 9 ] 
3 .  Hydrogen ;  H 2 ; [ 1 3 33-7 4 - 0 ] 
4 .  Nitrogen ; N 2 ;  [ 7 72 7-37 - 9 ] 
5 .  4 -Methyl - 1 , 3 -dioxol an-2-one , 

( Propylene carbonate ) ;  c , H s O g  
[ 1 08 - 3 2-7 ] 

EXPERIMENTAL VALUES :  

T/K Tota l pressure Gas Partial 
p/atm p/Mpa p/atm 

3 1 3 . 2  3 . 4 3 3 . 4 8 C0 2 9 . 3 
N 2  1 0 . 2  
H 2 1 4 . 1  
CH , 0 . 7  

43 . 4  4 . 4 0 C0 2 1 5 . 2  
N 2  1 4 . 8  
H 2 1 2 . 5 
CH 4 0 . 9  

a 
mL of gas absorbed ( reduced to 0 cc 

ORIGINAL MEftSUREMENTS : 

Rusz , L .  
Ve s zpremi . Vegyip . Egy . Koz t . , 
1 9 6 8 , 1 1 , 1 6 9 - 1 8 0 . 

pressure a. Mo le fractior 
p/MPa in l iquid 

0 . 9 4 1 5 . 4  0 . 0 6 5 6  
1 .  0 3  1 5 . 1  0 . 0 0 6 8  
1 .  4 3  2 . 7 4 0 . 0 1 2 3 
0 . 0 7 0 . 1 2 0 . 0 0 0 5  
1 .  5 4  23 . 4  0 . 0 9 6 4  
1 .  5 0  2 . 7 4  0 . 0 1 2 3  
1 .  2 7  3 . 3 8  0 . 0 1 5 2 
0 . 0 9 0 . 1 5 0 . 0 0 0 7  

and 1 atmosphere ) per g of s o l vent . 



666 Other Organ ic Compounds Containing Oxygen 

COMPONENTS : 

1 .  Methan e ;  CH � ;  [ 7 4 - 8 2 - 8 ] 
2 .  4 -Methyl -1 , 3 -d ioxol an- 2-one , 

( propyl ene carbonate ) ;  C � H 6 0 3  ; 
[ 1 0 8 - 3 2- 7 ]  

VARIABLES : 

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 

T/K Tota l pressure 
p/atm p/Mpa 

2 8 3 . 2  l l .  8 1 . 2 0  
1 5 . 1  1 .  7 8  
20 . 6  2 . 4 3 
2 5 . 0  2 . 5 3 

2 9 3 . 2  1 0 . 8  1 .  0 9  
1 5 . 6  1 .  5 8  
2 1 . 6  2 . 1 9  
2 5 . 6  2 . 5 9 

3 0 3 . 2  1 1 . 4  1 . 1 6 
1 5 . 8  1 .  6 0  
2 1 . 8  2 . 2 1 
2 5 . 9  2 . 6 2 

3 1 3 . 2  1 3 . 7  1 .  3 9  
2 0 . 0  2 . 0 3 
24 . 8  2 . 5 1 
28 . 0  2 . 84 

a 

ORIGINAL MEASUREMENTS : 

Rus z ,  L .  
VeszpPemi . Vegy ip .  Egy . Koz z . •  

1 9 6 8 , 1 1 , 1 69 - 1 8 0 . 

PREPARED BY : 

c .  L .  Young 

a Mol e  f ract ion 
a of methane , 

3 . 9  0 . 0 1 7  
4 . 5  0 .  02 0 
5 . 9  0 . 0 2 6  
5 . 7  0 . 02 5  
2 . 9  o .  0 1 3  
3 . 7  0 .  01 7 
6 . 7  0 . 0 3 0  
7 . 5  0 . 03 3  
3 . 3  0 . 0 1 5  
4 . 7  0 . 02 1  
5 . 1  0 . 0 2 3  
5 . 4  0 . 02 4  
2 . 8  0 . 0 1 3  
4 . 5  0 .  0 2 0  
6 . 4  0 . 0 2 8  
6 . 3  0 . 02 8  

mL of gas absorbed ( reduced to 0 ° C and 1 atmosphere )  per g of s o l vent 

AUXILIARY INFOR}�TION 

METHOD /APPARATUS/PROCEDURE : 

Vo lumetric method . Pressure 
measured when known amounts of 
gas were added , in increments , to 
a known amount of l iquid in a 
vesse l of known dimensions . 
Exact procedure for c a l cul ating 
s o l ub i l ity not c l ear . 

SOURCE AND PURITY OF MATERIALS : 

ESTIMATED ERROR: 

REFERENCES : 



Other O rganic Compounds Containing Oxygen 667 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 
2 .  Carbon dioxide ; C02 ; [ 1 2 4 - 3 8 - 9 ] 

Makranc z y ,  J . ; Ma le czki ne , S . M . ; 
Ru sz , L .  

3 .  Nitroge n ;  N2 ; [ 7 7 2 7 - 3 7 - 9 ] 
4 .  1 , 2 , 3 - Propanetri o l , triacetate , 

( g l ycerol triacetate ) ;  C9 H1 � 06 ; 
[ 1 0 2 - 7 6 - 1 ] 

VARIABLES : 
Temperatur e ,  pre ssure 

EXPERIMENTAL VALUES : 

Ve s zpremi . Vegyip . Egy . Koz Z .  
1 9 6 5 , 9 ,  9 5 - 1 05 . 

PREPARED BY : 
C .  L .  Young 

T/K = 2 9 3 . 2  

Tota l  Pa rtial pressure Mole fractions 
pressure Pco /MPa PcH /Mpa PN 2 /Mpa a co L a CH 4 x co 2 xcH � 

/Mpa 

1 0 . 6 6 . 3  3 . 1  1 . 0  2 4 . 7  1 . 3  0 . 1 9 4  0 . 0 1 2  
1 6 . 4 1 0 . 2  4 . 6  1 . 6  3 4 . 6  3 . 1  0 . 2 5 2 0 . 0 2 9  
2 4 . 2  1 2 . 7  8 . 2  3 . 3  5 1 . 0  1 2 . 6  0 . 3 3 2  0 . 1 0 9  
2 9 . 0  1 7 . 4  7 . 5  4 . 1  7 6 . 0  9 . 1  0 . 4 2 5  0 . 0 8 1  
4 1 . 8  1 9 . 8  1 6 . 0  6 . 0  9 2 . 5  1 4 . 6  0 . 4 7 4  0 . 1 2 4  

a= mL o f  ga s abs orbed ( r educed to 0 ° C  and 1 atmosphere ) per g o f  s o l vent 

AUXI L I ARY IN FO RHAT ION 

METHOD /APPARATUS/ PROCEDURE : SOURCE AND PURITY OF HATE RIALS : 

-

Vo l umet r i c  method . Pressure 
measured when known amounts of 
gas were added , i n in crements ,  to 
a known amount of l iquid in a 
ve s s e l  of known d imen sions . 
Exact procedure for c a l c u l ating 
so l ubi l i ty not c l ear . 

ESTIMATED ERROR: 

REFERENCES : 



668 Other Organic Compounds Containing Oxygen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH, ; [ 7 4 - 8 2 - 8 ] 
2 .  Carbon dioxide ; C02 ; [ 1 2 4 - 3 8 - 9 ] 

Makranc z y ,  J . ; Ma l e c zkine , s .  M . ; 
Ru s z , L .  

3 .  Ni t rogen ; N2 ;  [ 7 7 2 7 - 3 7 - 9 ] 
4 .  2- [ 2 - ( methoxyethoxy ) - ethoxy ] 

ethanol acetate , ( methoxytri
ethy l ene gy l co l  acetate ) ;  C9 H1 9 05 ; 
[ 3 6 1 0 - 2 7 - 3 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

Ves zpremi . Vegyip .  Egy . Koz l .  
1 9 6 5 ,  9 , 9 5 - 1 0 5 . 

PREPARED BY : 

C .  L .  Young 

T/K = 2 9 3 . 2  

To ta l Partia l pressure Mo l e  fract ions 
pressure 

/MPa 
Pco 2 /MPa PcH , /Mpa PN 2 /Mpa a cc2 a CH , :r: C0 2 X CH , 

1 0 . 6  6 . 5  2 . 8  1 . 3  2 6 . 8  2 . 4  0 . 1 9 8  0 . 0 2 2  
1 6 . 3  9 . 7  4 . 8  1 . 8  3 8 . 5  4 . 8  0 . 2 6 1  0 . 0 4 2  
2 3 . 9  1 3 . 4  7 . 7  2 . 8  6 1 . 5  6 . 2  0 . 3 6 1  0 . 0 5 4  
3 1 . 1  1 8 . 9  8 . 3  3 . 9  9 5 . 5  9 . 0  0 . 4 6 7  0 . 0 6 4  
4 1 . 8  2 2 . 5  1 5 . 2  4 . 1  1 1 6 . 0  1 3 . 1 0 . 5 1 6  0 . 1 0 7 

a= mL of gas absorbed ( r educed to o oc and 1 atmosphere ) per g of s o l vent 

AUXI LIARY INFORMAT ION 

METHOD ,'APPARATUS/PROCEDURE : 

Vo l umetric method . Pressure 
measured when known amounts of 
gas were added , i n in crement s ,  to 
a known amount of l iquid in a 
ves s e l  of known dimens ions . 
Exact procedure for c a l cu l ating 
s o l u bi l i ty not c l ear . 

SOURCE AND PU R I TY OF MATERI ALS : 

ESTIMATED ERROR: 

REFERENCES : 



Other Organic Compounds Containing Oxygen 

COMPONENTS : 

1 .  Methane ; CH , ; [ 7 4 - 8 2 - 8 ] 
2 .  Carbon dioxide ; C02 ; [ 1 2 4 - 3 8 - 9 ] 
3 .  Nitroge n ;  Nu [ 7 7 2 7 - 3 7 - 9 ] 
4 .  2 , 2 ' - { 1 , 2- ethanedi y l bi s - ( oxy ) ] bi s 

ethanol , ( triethy l ene g l ycol ) ;  
C s H 1 , o, ;  [ 1 1 2 - 2 7 - 6 ] 

VARIABLES : 

Temperature , pre ssure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Makrancz y ,  J . ; Ma le czk ine , S . M . ; 
Rusz , L .  
Ves zpremi . Vegyip.  Egy . Koz Z .  
1 9 6 5 , 9 , 9 5 - 1 0 5 . 

PREPARED BY : 

c .  L .  Young 

T/K = 2 9 3 . 2  

Tota l Parti a l  pres sure Mo l e  f ractions 
pres sure Pco 2 /MPa PcH 4 /Mpa PN 2 /Mpa aco 2 etCH , xco 2 XCH , 

/MPa 

1 2 . 2  7 . 8  3 . 2  1 . 2  1 1 . 8  2 . 7  0 . 0 7 3 2  0 . 0 1 7 7  
1 8 . 4  1 1 . 8  4 . 4  2 . 2  1 8 . 5  2 . 9  0 . 1 1 0 2  0 . 0 1 9 0 
2 7 . 2  1 7 . 3  7 . 6  2 . 3  2 6 . 2  3 . 4  0 . 1 4 9 2  0 . 0 2 2 2  
3 6 . 2  2 4 . 1 9 . 1  2 . 9  3 7 . 6  6 . 9  0 . 2 0 1 0  0 . 0 4 4 1  
4 1 . 7  2 6 . 7  1 1 . 4  3 . 6  4 4 . 2  8 . 1  0 . 2 2 8 3  0 . 0 5 1 4  

a=mL of gas abs orbed ( r educed to 0 ° C  and 1 atmosphere ) per g o f  s o l vent 

AUXI L I ARY lNFORNATION 

METHOD :APPARATUS /PROCEDURE : SOURCE AND PURl TY OF MATE RIALS : 

Vo l umetri c  method . Pres sure 
measured when known amounts of 
gas were added , in in crement s , to 
a known amount o f  l i quid in a 
ves s e l  of known d imensi ons . 
Exact procedure for cal cu l ating 
sol ubi l i ty not c l ear . 

ESTIMATED ERROR: 

REFERENCES : 
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670 Other Orga nic Compounds Containing Oxygen 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 
2 .  Carbon di oxide ; C02 ; [ 1 2 4 - 3 8 - 9 ] 
3 .  Nitroge n ;  N 2 ; [ 7 7 2 7 - 3 7 - 9 ] 
4 .  4-Methy l - 1 , 3 -d i oxo la n- 2 -one , 

( propyl ene carbonate ) ;  C 4 H s 0 3 ; 
[ 1 0 8 - 3 2 - 7 } 

VARIABLES : 

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Makrancz y ,  J . ; Ma l e c zkine , S . M . ; 
Rus z , L .  
Ve s zpremi . Vegyip . Egy . Koz Z .  
1 9 6 5 , 9 ,  9 5 - 1 0 5 . 

PREPARED BY : 

c .  L .  Young 

T/K = 2 9 3 . 2  

Tota l Partial pressure Mol e  fractions 
pressure Pco2 /MPa PcH � /Mpa pN 2 /Mpa aco 2 a CH � xco 2 xCH 4 /MP a 

8 . 7  4 . 4  3 . 6  0 . 7  1 4 . 3  1 . 3  0 . 0 6 0  0 . 0 0 5 9  
1 6 . 6  8 . 2  7 . 1  1 . 3  2 7 . 6  5 . 1  0 . 1 1 6  0 . 0 2 3  
2 5 . 4  1 2 . 3  1 1 . 1  2 . 0  4 1 . 9  9 . 2  0 . 1 6 0  0 . 0 4 0  
3 0 . 9  1 4 . 4  1 3 . 7  2 . 8  5 3 . 9  1 0 . 4  0 . 1 9 7  0 . 0 4 5  
3 5 . 7  1 5 . 7  1 4 . 8  5 . 2  6 4 . 2  1 2 . 3  0 . 2 2 6  0 . 0 5 3  

a= mL of gas absorbed ( reduced to 0° C and 1 atmosphere ) per g o f  s o l vent 

AUXI LI ARY INFORMAT ION 

METHOD /APPARATUS/ PROCEDURE : SOURCE AND PUR I TY OF MATERI ALS : 

Vo l umet ric method . Pressure 
measured when known amounts of 
gas were added , in increment s ,  to 
a known amount o f  l iquid in a 
vessel of known dimensions . 
Exact procedure for cal cu l ating 
sol ubi l i ty not c l ear . 

ESTIMATED ERROR: 

REFE RENCES : 



Other Organic Compounds Containing Oxygen 

COMPONENTS: ORIGINAL MEASUREMENTS: 
Makrancz y ,  J . ; Ma l eczkine , s .  M . ; 1 .  Methane ; CH� ; [ 7 4 - 8 2- 8 ] 

2 .  Carbon d iox�de ; CO� ; [ 1 2 4 - 3 8 - 9 ] 
3 .  Nitrogen ; N2 ; [ 7 7 2 t - 3 7 - 9 ] 
4 . 2- [ 2 - ( Butoxyethoxy ) -ethoxy ] 

ethanol acetate , ( butoxytri 
ethyl ene gyl co l  acetate ) ;  
C H 0 · 1 2  2 � s '  

VARIABLES : 

Temperatur e ,  pressure 

EXPERIMENTAL VALUES : 

Rus z , L .  
Ves zpremi . Vegyi v .  Egy . Koz Z .  
1 9 6 5 , 9 , 9 5 - 1 05 . 

P REPARED BY : 

c .  L .  Young 

T/K = 2 9 3 . 2  

Tota l 
pressure 

IMP a 

1 0 . 8  
1 6 . 7  
2 4 . 6  
2 9 . 8  
4 0 . 8  

Partial pressure 
p

C0 2
/MPa p

CH ,
/Mpa p

N 2
/Mpa 

6 . 7  3 . 1  1 . 0  
1 0 . 5  4 . 3  1 . 9  
1 5 . 0  6 . 6  3 . 0  
1 8 . 9  8 . 4  2 . 5  
2 2 . 8  1 2 . 1  5 . 9  

2 6 . 3  
3 8 . 2  
6 0 . 7  
8 2 . 4  

1 0 0 . 0  

a CH 4 

2 . 9  
5 . 6  
8 . 1  

1 0 . 4  
1 4 . 3  

Mol e  f ractions 
X X 

C0 2 CH � 

0 . 2 2 5  
0 . 2 9 7 
0 . 4 0 2  
0 . 4 7 7  
0 . 5 2 5  

0 . 0 3 1  
0 . 05 8  
0 . 0 8 2  
0 . 1 0 3  
0 . 1 3 7 

a = mL of gas absorbed ( reduced to 0 ° C  and 1 atmosphere ) per g o f  solvent 

AUXI LIARY INFORMATION 

METHOD !APPARATUS/PROCEDURE : 

Vol umetric method . Pressure 
measured when known amounts of 
gas were added , in increments ,  to 
a known amount of l iquid in a 
vessel  of known d imensions . 
Exact procedure for calculating 
solubi l i ty not c l ear . 

SOURCE AND PURITY OF MATERIALS : 

ESTIMATED ERROR: 

REFERENCES : 

671 



672 Other Organic Compounds Containing Oxygen 

COMPONENTS : 

1 .  Methane ; CH � ; [ 7 4-82-8 ] 

2 .  4-Methyl-1 , 3-dioxolan-2-one ; 
( Propylene carbonate) ;  C � H s 0 3 ; 
[ 10 8- 3 2-7 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lenoir ,  J-Y . ; Renault ,  P . ; Renon , H .  

J.  Chern . Eng . Data , 1 9 7 1 ,  1 6 ,  34 0-2 . 

PREPARED BY : 

c .  L .  Young 

T/K Henry ' s  constant Mole fraction at 1 atm* 
HCH /atm 

4 .:rCH 4 

2 9 8 . 2  1 1 4 0  0 .  0 0 0 8 7 7  
3 2 3 . 2  1 3 4 0  0 . 0 0 0 7 4 6  
3 4 3 . 2  1 4 3 0  0 . 0 0 0 6 9 9  

* Calculated by compi ler assuming a linear function of PCH vs .:rCH4 ' 
i . e . , .:rCH4 ( 1  atm) = l/HCH4 • 4 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium. The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm . pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not allowed for 
although its possible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 

purity 9 9 . 9  moler per cent . 
( 2 )  Touzart and Matignon or 
Serlabo sample , purity 9 9  mole per 
cent . 

ESTIMATED ERROR: 

oT/K = �0 . 1 ;  o H/atm = �6 % 
(estimated by compiler) .  

REFERENCES : 



Other Organ ic Compounds Containing Oxygen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 . Methane ; CH4 ; [ 7 4-82-8 ) 
2 .  4-Methyl- 1 , 3-dioxolan-2 -one , 

( Propylene carbonate ) ;  C 4 H & 0 3 ; 
[ 1 0 8-32-7 ) 

VARIABLES :  

EXPERIMENTAL VALUES : 

Parcher , J .  F . ; Bell , M .  L . ; 
Lin , P .  J .  
Adv . Chromat .  
1 9 8 4 , 2 4 , 2 2 7 -2 4 6 . 

P REPARED BY : 

c .  L .  Young 

T/K Henry ' s  law Mole fraction 
(t/ ° C )  

2 8 3 . 2  
( 1 0 )  

2 9 3 . 2  
( 2 0 )  

3 0 3 . 2  
( 3 0 )  

3 1 3 . 2  
( 4 0 )  

constant , 
H/atm 

1 5 0 0  

1 4 0 0  

1 3 00  

1 4 0 0  

extrapolated to 
1 atm , xCH 4 

0 . 0 0 0 6 7  

0 .  0 0 0 7 1  

0 . 0 0 0 7 7  

0 . 0 0 0 7 1  

R d l n  H/d ( l /T)  = +0 . 5  kcal mol- 1 = 2 kJ mol- 1 •  
' 

a Calculated by compiler assuming x = 1 / H .  

AUXILI ARY INFORNATION 

METHOD .APPARATUS /PROCEDURE : 

Henry ' s  law constant determined from 
retention volume of gas on a chromate-
graphic column . Helium was used as 
a carrier gas and a mass spectrometer 
used as a detector . The measured 
Henry ' s  law constants were indepen
dent of sample size , flow rate and 
composition of injected sample . 
Detai ls given in re f .  1 .  

SOURCE AND PURl TY OF MATE RI ALS : 

No details given.  

ESTIMATED ERROR: 

6H/atm = ± 2 0 0 . 

REFERENCES : 

a 

1 .  Lin , P .  J .  and Parcher , J .  F .  
J .  Chroma t .  Sai .  

1 9 8 2 , 2 0 , 3 3 . 
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674 Other Organic Compounds Containing Oxygen 

COMPONENTS : 
1 .  Methane : CH4 : [ 7 4-82 - 8 )  
2 .  Hexadecane : C 1 6 H 3 4 :  [ 5 44-76-3 )  
3 .  4-Methyl-1 , 3-dioxolan-2-one , 

(Propylene carbonate ) :  C 4 H 6 0 3 : 
[1 0 8-32-7]  

VARIABLES : 

EXPE RIMENTAL VALUES : 

T/K 
(t/ °C) 

2 9 3 . 2  
( 2 0 )  

30 3 . 2  
( 3 0 )  

3 1 3 . 2  
( 4 0 )  

2 9 3 . 2  
( 2 0 )  

303 . 2  
( 3 0 )  

313 . 2  
( 4 0 )  

Mole fraction of 
Component 2 

0 . 3 0 

0 . 6 2 

ORIGINAL MEASUREMENTS : 
Parcher , J .  F . :  Bell , M. L . : 
Lin , P .  J .  

Adv . Chroma t .  

1984 , 2 4 ,  227 -246 . 

P REPARED BY : 

C .  L .  Young 

Henry ' s  law 
constant , 

H/atm 

4 6 0  

480  

4 7 0  

250  

257  

270  

Mole fraction a 
extrapolated to 

1 atm , xCH 4 

0 . 0 0 2 1 7  

0 . 0 0 2 0 8  

0 . 0 0 2 1 3  

0 . 0 0 4 0 0  

0 . 0 0 3 8 9  

0 . 0 0 3 7 0  

a Calculated by compiler as suming x = 1 / H .  

AUXI LIARY INFORHATION 

METHQD ,'APPARATUS /PROCEDURE : SOURCE AND PURITY OF HATERI ALS ; 

Henry ' s  law constant determined from 
retention volume of gas on a chromato-
graphic column . Hel ium was used as No details given . 
a carrier gas and a mass spectrometer 
used as a detector . The measured 
Henry ' s  law constants were indepen-
dent of sample size , flow rate and 
composition of injected sample . 
Details given in ref . 1 .  

ESTIHATED ERROR: 

oxCH 4 = ± 1 0 %  (estimated by compiler) • 

REFERENCES : 

1 .  Lin , P .  J .  and Parcher , J .  F .  
J.  Chroma t .  Sai .  

1982 , 2 0 ,  33 . 



Other Organic Com pounds Containing Oxygen 

COMPONENTS : 
1 .  Methane ; CH4; [ 7 4-82- 8 ]  

2 .  4-Hethyl- 1 , 3-dioxolan- 2-one , 
(Propylene carbonate) ; 
C4Hs03 ;  [ 1 0 8- 32-7 ]  

VARIABLES : 

Temperature ,  pres sure 

ORIGINAL MEASYREMENTS : 
Shakhova , S .F . ; Zubchenko , Yu . P .  

Khim . Prom . 19 73 , 4 9 ,  5 9 5- 6 .  

P REPARED BY : 

c . L .  Young 

EXPERIMENTAL VALUES : 

T/K 
Mole fraction 
of methane' in 

liquid , .:rCH4 

+ a 
vol/vol 

298 . 1 5 

3 2 3 . 15 

4 3 . 67 
6 3 . 22 
84 . 81 

113 . 2 8 

4 7 . 9 3 
7 3 . 5 6 
7 9 . 4 4 
8 8 . 7 6 

112 . 7 7 
146 . 1 1 
147 . 6 3 

0 . 0256  
0 . 0363  
0 . 0 4 8 2  
0 . 0584  

0 . 0270  
0 . 0 4 0 5  
0 . 0 4 30 
0 . 0 4 5 7  
0 . 0567  
0 . 0691  
0 . 0691  

6 . 9  
9 . 9  

13 . 3  
16 . 3  

7 . 3  
11 . 1  
11 . 8  
12 . 6  
15 . 8  
19 . 5  
19 . 5  

+ quoted in original , appears to be volume of gas at 
T/K = 2 7 3 . 15 and P = 1 atmosphere absorbed by unit 
volume of liquid at room temperature . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Rocking autoclave . Mixture stirred 
by ball in rocking autoclave . 
Samples of liquid analysed by a 
volumetric method . Details in ref.  
( 1 )  • 

SOURCE AND PURI TY OF MATERI ALS : 

1 .  Purity 97 . 8  mole per cent . 

2 .  No details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/10 5 Pa = ± 0 . 1 ; 
o.:rCH4 = ± 5% . 

( estimated by compiler)  • 
REFERENCES : 

675 

1 .  Shakhova , S . F . ; Zubchenko , Yu . P . ;  
Kaplan , L . K .  

Khim . Prom. 19 73 , 5 ,  108 .  



676 Other Organic Compounds Contai ning Oxygen 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 74 - 8 2-8 ] 

2 .  Oxybispropanol , (D ipropylene 
glycol) ; C s H t 4 0s ; [ 25265-71-8]  

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lenoir, ,  J-Y . ; Renaul t ,  P . ; Renon , H .  

J. Chern . Eng . Data , 197 1 ,  1 6 ,  3 4 0-2 . 

P REPARED BY : 

c .  L .  Young 

T/K Henry ' s  cons tant Mole fraction at 1 atm* 
HCH /atm 

4 XCH4 

2 9 8 . 2  1450  0 . 000690  
323 . 2  1800  0 . 000556  
3 4 3 . 2  2230  0 . 0 0 0 4 4 8  

* Calculated by compiler assuming a linear function of  PCH vs xCH , 
i . e . , xCH ( 1  atm) = 1/HCH • 

4 4 
4 4 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE: 
A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carr ier gas was helium .  The value of 
Henry ' s  law cons tant was ca lculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm. pressure. There is also 
considerable uncertainty in the value 
of Henry ' s  constant since surface 
adsorption was not allowed for 
although its pos sible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 
purity 99 . 9  mole per cent. 
( 2 )  Touzart and Matignon or 
Ser labo sample , pur ity 9 9  mole per 
cent . 

ESTIMATED ERROR: 

o T/K = �0 . 1 ;  oH/atm = �6%  
(e stimated by compiler ) • 

REFERENCES: 



Other Organ ic Compounds Containing Oxygen 677 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 74-8 2 - 8 ]  Lenoir , J-Y . ; Renaul t ,  P . ; Renon , H .  

2 .  Benzenemethanol ; (Benzyl alcohol) ; J .  Chern . Eng . Da ta , 19 7 1 ,  1 6 ,  34 0-2 . 
C 7H 8 0 ;  [ 100-51-6 ] 

VARIABLES : P REPARED BY : 

C .  L .  Young 

EXPE RIMENTAL VALUES : 

T/K Henry ' s  constant 
HCH /atm 

4 

Mo le fraction at 1 atm* 
;x:CH 4 

2 9 8 . 2  1030  0 .  0 0 0 9 71 

* Calculated by compi ler as suming a linear function of PCH vs :x:CH4 ' 
i . e . , :x:CH ( 1  atm)  = 1/HCH . 4 

4 4 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

A conventional gas- liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was he lium. The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm . pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not allowed for 
although its pos sible existence was 
noted . 

S OURCE AND PURITY OF MATE RIALS : 
( 1 )  L ' Air Liquide sample , minimum 
purity . 9 9 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 
Ser labo sample , purity 99 mole per 
cent . 

ESTIMATED ERROR: 

oT/K = �0 . 1 ; oH/atm = �6 %  
(estimated by compiler) . 

REFERENCES : 



678 Other Organic Compounds Containing Oxygen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ; [ 7 4-82-8 ] Lenoir , J-Y . ; Renaul t ,  P . ; Renon,  H.  

2 .  Phenol ; C6 H60 ;  [ 108-95-2 ] J.  Chern . Eng . Data , 19 7 1 ,  1 6 ,  3 4 0- 3 .  

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 

T/K Henry ' s  cons tant 
HCH jatm 

4 
Mole fraction at 1 atm* 

xCH 4 

32 3 . 2  1990  0 . 0 0 0 5 0 3  

* Calculated by compiler as suming a linear function of PCH vs xCH , 
i . e . , xCH ( l  atm) = 1/HCH • 4 4 

4 4 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium.  The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pres sures 
of gas and there may be a subs tantial 
difference from that measured at 
1 atm . pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not allowed for 
although its possible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  L ' Air Liquide sample , minimum 
purity 9 9 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 
Serlabo sample , purity 99 mole per 
cent . 

ESTIMATED ERROR: 

o T/K = �0 . 1 ;  &H/atm = �6 % 
(estimated by compiler) • 

REFERENCES : 



Other Organic Compounds Containing Oxygen 679 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane : CH 4 ; [ 74 - 8 2 - 8 ]  Shakhova , S . F . : and Zubchenko , Yu . P .  

2 .  1 , 2 , 3-Propanetriol ,  triacetate , 
(Glycerol triacetate ) : C g H 1 4 06 ; 
[ 10 2- 7 6 - l ]  

VARIABLES : 

Temperature,  pressure 

Khim. Prom. 1 9 7 3 ,  4 9 ,  5 9 5-6 . 

PREPARED BY : 

C . L .  Young 

EXPE RIMENTAL VALUES :  Mole fraction + 
a T/K P/l 0 5 Pa of methane in vol/vol liquid , xCH4 

2 9 8 . 15 3 5 . 8 7 0 . 0 6 4 0  8 . 1  
4 0 . 7 3 0 . 0 7 0 6  9 . 0  
5 0 . 9 7 0 . 0 8 2 8  10 . 7  
7 0 . 4 2 0 . 10 7 0  1 4 . 2  
7 5 . 59 0 . 1 1 4 4  15 . 3  
9 0 . 0 8 0 . 1 3 0 6  17 . 8  

1 0 4 . 5 6 0 . 15 1 2  2 1 . 1  
3 4 3 . 15 6 2 . 31 0 . 0 9 4 1  12 . 3  

8 5 . 3 2 0 . 39 7 0  7 8 . 0  
9 5 . 14 0 . 4 2 2 0  8 6 . 0  

113 . 2 8 0 . 4 61 4  10 1 . 5  
114 . 8 0 0 . 4 6 3 9  1 0 2 . 5  
1 2 7 . 4 7 0 . 4 88 2  1 1 3 . 0  

+ quoted in original , appears to be volume of gas at 
T/K = 2 7 3 . 15 and P =  1 atmosphere absorbed by uni t  
volume of liquid at room temperature .  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Rocking autoclave . Mixture stirred 
by bal l  in rocking autoclave . 
Samples of liquid analysed by a 
vo lumetric method . Details in ref . 
( l )  • 

SOURCE AND PURITY OF MATERIALS : 

1 .  Purity 9 7 . 8  mole per cent . 

2 .  No details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ; oP/1 0 5 Pa = ± 0 . 1 :  
oxCH4 = ± 5% . 

( estimated by compiler) 

REFERENCES : 

1 .  Shakhova , S . F . : Zubchenko , Yu . P .  
Kaplan , L . K .  

Khim. Prom.  1 9 7 3 ,  5 ,  1 0 8 . 



680 Other Organic Compounds Containing Oxygen 

COMPONENTS : 

1 .  Hethane ; CH � ;  [ 7 4-82-8 ]  

2 .  3-Hethylpheno l ,  (m-cresol) ; 
C7Ha0 ;  [ 1 08-39-4 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

46 2 . 2 5 

542 . 65 

6 23 . 25 

663 . 35 

2 . 08 
3 . 05 
5 . 11 

10 . 0 5  
15 . 2 8 
2 0 . 17 
2 5 . 2 7 

2 . 00 
3 . 03 
5 . 0 6 

1 0 . 13  
15 . 15 
2 0 . 2 3 
2 5 . 2 0  

3 . 0 7  
5 . 0 8 

10 . 18 
15 . 16 
2 0 . 35  
2 2 . 72 
2 5 . 33 

5 . 12 
10 . 08 
12 . 91 
15 . 25 

P/atm 

2 0 . 5  
30 . 1  
5 0 . 4 
99 . 2  

150 . 8  
199 . 1  
2 4 9 . 4  

19 . 7  
2 9 . 9  
4 9 . 9  

10 0 . 0  
1 49 . 5  
19 9 . 7  
2 4 8 . 7  

30 . 3  
5 0 . 1  

10 0 . 5  
149 . 6  
2 00 . 8  
2 2 4 . 2  
2 50 . 0  

5 0 . 5 
9 9 . 5 

1 2 7 . 4  
150 . 5  

ORIGINAL MEASUREMENTS : 

Simnick , J .  J . ; Sebastian , H .  M . ; 
Lin , H .  M . ; Chao , K .  C .  
FZuid Pha se Equi Z ibria 19 7 9 ,  3 , 

145-1 5 4 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid,  in gas , 

xCH4 YCH 4 

0 . 0198  
0 . 0 2 8 8  
0 . 0 4 8 9  
0 . 0930  
0 . 1382  
0 . 1768  
0 . 2166 
0 . 0181 
0 . 0301  
0 . 05 3 3  
0 . 1111 
0 . 16 8 4  
0 . 2 1 9 9  
0 . 2 7 4 6  
0 . 02 2 4  
0 . 0 5 3 8  
0 . 1330  
0 . 2136 
0 . 3019 
0 . 3579  
0 . 4 8 8 8  
0 . 0 4 6 5  
0 . 14 7 7  
0 . 2135  
0 . 3207  

0 . 9 5 7 9  
o .  9695  
0 . 9 7 8 5  
0 . 9 8 3 6  
0 . 9 8 4 0  
0 . 98 2 5  
0 . 9 8 0 6  
0 . 7 4 3 5  
0 . 8 1 5 8  
0 . 8 7 6 4  
0 . 9172  
0 . 92 6 2  
0 . 9261  
0 . 9 2 14 
0 . 3912  
0 . 56 9 9  
0 . 7 0 5 7  
0 . 7 3 8 5  
0 . 7333  
0 . 7171 
0 . 6 85 7  
0 . 3265  
0 . 4 9 6 8  
0 . 51 9 8  
0 . 4 8 09 

AUXI LIARY I NFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Flow apparatus with both liquid and 

gaseous components continua lly 
passing into a mixing tube and then 
into a cell in which phases 
separated under gravity . Liquid 
sample removed from bottom of cell 
and vapor sample from top of cell . 
Composition of samples found by 
stripping out gas and es timating 
amount of solvent gravimetrically . 
Temperature measured with thermo
couple and pre,ssure with Bourdon 
gauge . Deta�ls in ref . ( 1 ) . 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Matheson sample , purity better 
than 99 mole per cent.  

2 .  Aldrich Chemical Co . ,  minimum 
purity 9 9  mole per cent . 
Distilled . 

ESTIMATED ERROR: 

c5T/K = ± 0 . 2 ;  cSP/MPa = ±0 , 02 ;  
cSX oy = ± 2 % , CH 4 ' CH � 

REFERENCES : 

1 .  Simnick , J .  J . ; Lawson , C .  C . ;  
Lin , H .  M . ; Chao , K .  C .  
A m .  Ins t .  Chern . Engnrs . J , 
1977 , 2 3 ,  46 9 .  



Other Organic Compounds Containing Oxygen 681 

COMPONENTS : O RIGINAL MEASUREMENTS : 
1 .  Methane ; CH , ;  [ 7 4 - 8 2 - 8 ]  Zubchenko , Yu . P . ;  Shakhova , S . F .  
2 .  2 , 5 , 8 , 11 , 14 - Pentaoxapenta

decane , ( Tetramethylene glycol 
dimethyl ether ) C 1 o H 2 20 s r  
[ 143-24- 8 ]  

Tr . N . -i . i  Pro e k t .  In - ta Azot  Prom-sti 
i Produktov Organ . Sinteza 197 5 ,  
( 3 3 )  1 13- 1 5 .  

VARIABLES : PREPARED BY : 

Pressure C . L .  Young 

EXPERIMENTAL VALUES : 

T/K P/atm P/MPa 
a+ 

vol/vol 
Mole fraction of methane 

in liquid , xCH , 

313 . 1 5 24 . 2  
37 . 2  
54 . 3  
6 9 . 9  
8 3 . 3  
8 4 . 0  
8 5 . 7  

2 . 4 5 
3 .  7 7  
5 . 5 0 
7 . 0 8 
8 . 4 4 
8 . 5 1 
8 . 6 8 

6 . 1 8 
9 . 1 7 

13 . 2  
17 . 1  
20 . 1  
20 . 4  
20 . 7  

0 . 0 5 0 2  
0 .  0 7 2 7  
0 . 101  
0 . 127 
0 . 14 7  
0 . 1 4 8  
0 . 150 

+ quoted in original paper , appears to be 
volume of gas at T/K = 273/15 and P = 
1 atmosphere absorbed by unit volume of 
liquid at room temperature . 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Mixture stirred by bal l in rocking 
autoclave . Sample of liquid 
analysed by a volumetric method. 
Details in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Purity 9 7 . 8  mole per cent . 

2 .  No details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/atm = ± 0 . 1  
oxCH , = ±5% . 
(estimated by compiler) • 

REFERENCES : 
1 .  Shakhova , S . F . ;  Zubchenko , 

Yu . P . ; Kaplan , L . K .  
Khim . Prom . 19 7 3 ,  5 ,  108 .  



682 Organic Su bstances Contain ing Halogen 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 74-8 2-8 ] Kobatake , Y . ; Hildebrand , J .  H .  

( 2 )  Hexadecafluoroheptane or per
fluoroheptane ; c7F16 ; 
[ 33 5 -57-9 ) 

J.  Phy s .  Chern . 1961 , 65 , 3 3 1  - 335 . 

VARIABLES : 
T/K : 

P/kPa : 
2 9 1 . 07 - 303 . 1 6 
1 0 1 . 32 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

Temperature Mol Fraction 

PREPARED BY : 

Bunsen 
Coeffic ient 

M. E .  Derrick 
H .  L. Clever 

Ostwald 
Coefficient 

tf O C  T/K 10 3 x 1 ajcm3 ( STP ) cm- 3 atm- 1 L/cm3 cm- 3 
---
17 . 92 2 91 . 07 8 . 610  0 . 8 7 0 1  0 .  9 2 7 2  
21 . 7 5 2 9 4 . 9 0 8 . 4 14 0 . 8 4 5 0  0 . 9123  
2 5 . 0 0  2 9 8 . 15 8 . 262 1 0 . 8 2 5 3  0 . 9 0 0 8  
2 5 . 68 2 9 8 . 8 3  8 . 2 2 2  0 . 8 2 0 4  0 . 8 9 7 5  
3 0 . 01 303 . 1 6 8 . 0 2 6  0 . 7 951 0 . 8 8 2 5  

Possibly a smoothed value o f  the authors . 
The Bunsen and Ostwald coeff icients were calculated by the compiler . 
Smoothed Data : For use between 2 9 1 . 07  and 303 . 1 6 K .  

l n  x 1 = -6 . 5150  + 5 . 1234/ (T/l OOK)  
The standard error about the regre ssion line is 3 . 3 1 x 10 -6 • 

T/K Mol Fraction 
l0 3 x 1 

29 3 . 15 
2 9 8 . 1 5 
303 . 15 

8 . 5 03 
8 . 2 5 8  
8 . 02 7  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The apparatus consists of a gas meas
uring buret , an absorption pipet , and 
a reservoir for the solvent . The 

( 1 )  Methane . Matheson Co . ,  Inc . 

buret is thermo stated at 2 5 ° C , the 
pipet at any temperature from 5 to 3 0  
°C . The pipet contains a n  iron bar 
in glass for magnetic stirring . The 1 2 1 pure solvent is degassed by freezing 
with liquid nitrogen , evacuating , 
then boiling with a heat lamp . The 
dega ssing process is repeated three 
times . The solvent is flowed into 

Research grade . Dried by pas
sage over P205 followed by 
multiple trap vapori zation and 
evacuation at liquid N2 
temperature . 
Hexadecafluoroheptane . Source 
not given . Purified by method of 
Glew and Reeves , J. Phy s .  Chern. 
1956 , 60 , 615 . 

the pipet where it is again boiled �E�S�T�I�MA-T�E�D�E�R-RO�R-:
------------------------� 

for final degas sing . Manipulation of 
the apparatus is such that the sol
vent never comes in contact with 
stopcock grease . The liquid in the 
pipet is sealed off by mercury . Its 
vo lume is the dif ference between the REFERENCES : 
capacity of the pipet and the volume 
of mercury that confines it.  Gas is  
admitted into the pipet . Its exact 
amount is determined by P-V measure-
ments in the buret before and after 

0 . 02 
0 . 003  

introduction of the gas into the pipet. The stirrer is set in motion .  
Equil ibrium is  attained within 2 4  hours . 



Organic Su bstances Containing Halogen 683 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 74 - 8 2-8]  Evans , D .  F . ; Battino , R.  

( 2 )  Hexafluorobenzene ; c6F6 ; 
[ 3 92-5 6-3 ] 

J .  Chem . Thermodyn .  1971 , J ,  753-7 6 0 .  

VARIABLES : 
T/K : 

p 1 /kPa : 
2 8 3 . 2 0 - 297 . 9 7 
101 . 32 5  ( 1 atm) 

EXPERIMENTAL VALUES : 
t/Oc T/K Mol Fraction 

10 3 x 1 ---

10 . 05 283 . 20 4 . 0 76 
10 . 08  2 8 3 . 2 3  4 . 071  
24 . 6 7 297 . 82 3 . 8 44  
24 . 82 297 . 97 3 . 8 4 8  

PREPARED BY : 
H .  L .  Clever 

Bunsen Ostwald 
Coefficient Coefficient 

a/cm3 ( STP ) cm- 3 atm-1 L/cm3 cm- 3 

0 . 8 0 9  0 . 8 3 9  
0 . 8 0 8  0 . 8 3 8  
0 . 7 47  0 . 8 1 5  
0 . 7 4 8  0 . 816  

The Bunsen coefficients were calculated by the compiler . 

The solubility values were adjusted to an oxygen partial pressure of 
101 . 3 2 5  kPa (1 atm) by Henry ' s  law . 
Smoothed Data : For use between 2 8 3 . 15 and 2 9 8 . 15 K .  

ln  x1 = -6 . 6 6 9 3  + 3 . 3025/ ( T/1 00 K)  

The standard error about the regression line is 3 . 8 1 x 10-6 • 

T/K 

2 8 3 . 15 
2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 15 

Mol Fraction 
1 0 3 x 1 
4 . 0 75 
3 . 9 9 3  
3 . 916 
3 . 8 4 2  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
The solubility apparatus is based on 
the design of Morrison and Billett 
(1 ) and the version used is described 
by Battino , Evans , and Danforth ( 2 ) . 
The degassing apparatus is that 
described by Battino , Banzhaf , Bogan , 
and Wilhelm ( 3 ) . 
Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid is about 4 em deep . 
The liquid is rapidly stirred , and 
vacuum is intermittently applied 
through a liquid N 2 trap until the 
permanent gas residual pressure drops 
to 5 microns . 
Solubi lity Determination . The de
gassed solvent is passed in a thin 
film down a glass helical tube con
taining solute gas plus the solvent 
vapor at a total pres sure of one atm . 
The volume of gas absorbed is found 
by dif ference between the initial and 
final volumes in the buret system. 
The solvent is  col lected in a tared 
flask and weighed . 

SOURCE AND PURITY OF MATERI ALS : 
( 1 )  Methane . Either Air Products and 

Chemicals Inc . or the Matheson 
Co . ,  Inc . Purest grade available 
Minimum puri ty 9 9 . 0  mole per cent 
(usually > 9 9 . 9  mole per cent) . 

( 2 )  Hexafluorobenzene . Imperiel 
Sme lting Co . ,  Avnomouth , U . K .  
GC purit� 9 9 . 7 % ,  densi:¥ • 
p 2 9 8 . 15 - 1 . 60596  g em • 
Purification described Ana Z .  
Chern .  1 9 6 8 , 4 0 , 2 2 4 . 

ESTIMATED ERROR: oT/K = 0 . 0 3 
op/mmHg = o . 5  

ox1/x1 = 0 . 0 0 5  

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern.  Soc . 19 4 8 ,  2 0 3 3 . 
2 .  Battino , R . ; Evans , F . D . ; Danforth , W . F . 

J . Arn . Oi Z Chern . So c .  1968 , 4 5 ,  8 3 0 .  
3 .  Battino , R . ; Banzhaf�; 

Bogan , M . ; Wilhelm ,  E .  
Ana Z .  Chern.  1971 , 4 3 , 8 0 6 .  



684 Organic Su bstances Containing Halogen 

COMPONENTS : ORIGINAL MEAS UREMENTS : 
( 1 )  Methane ; CH4 ; [ 74-82-8]  Hiraoka , H . ; Hildebrand , J.  H .  

( 2 )  1 , 1 , 2-Trichloro-1 , 2 , 2-trifluoro- J.  Phy s .  Chern . 1964 , 68 , 213-214 . 
ethane ; c2cl 3F3 ; [ 7 6-13-1] 

VARIABLES :  PREPARED BY : 
T/K = 277 . 15 - 308 . 1 5  

p1 /kPa = 101 . 325 ( 1  atm) 

EXPERIMENTAL VALUES : 
Temperature Mol Fraction Bunsen 

M. E .  Derrick 
H .  L .  Clever 

Ostwald 
t/°C T/K 103 x Coefficient Coefficient 

1 a/cm3 ( STP) cm- 3 atm-1 L/cm3 cm- 3  
---

4 . 00  277 . 15 5 . 651 1 . 09  1 . 11 
14 . 90 2 8 8 . 05 5 . 2 78  1 . 0 1 1 . 06 
2 5 . 0 9 298 . 24 4 . 9 78  0 . 935  1 . 02 
3 5 . 0 0 3 0 8 . 15 4 . 8 72 0 . 9 02 1 . 02 

The Bunsen and Ostwald coeffic ients were calculated by the compiler 
assuming ideal gas behavior . 

Smoothed Data : For use between 277 . 15 and 308 . 1 5 K .  
l n  x1 = -6 . 6987  + 4 . 2 0 2 3/ (T/100 K) 

The standard error about the regression line is  6 . 6 6 x 10- 5 • 
T/K Mol Fraction 

2 7 8 . 1 5 
288 . 1 5 
298 . 1 5 
3 08 . 1 5 

l0 3x 1 
5 . 58 4  
5 . 2 99  
5 . 04 6  
4 . 8 2 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The apparatus consists of a gas 
measuring buret , an absorption pipet , 
and a reservoir for the solvent . The 
buret is  thermo stated at 2 5 °C ,  the 
pipet at any temperature from 5 to 
3 0 ° C .  The pipet contains an iron bar 
in glass for magnetic stirring . The 
pure solvent is  degassed by freezing 
with liquid nitrogen,  evacuating , 

( 1 )  Methane . Phillips Petroleum Co . 

then boiling with a heat lamp . The 
degassing process is repeated three 
times . The solvent is flowed into 

( 2 )  

Gas pas sed through a cold trap . 

1 , 1 , 2-Trichloro- 1 , 2 , 2-trifluoro
ethane . Union Carbide Co . 
Distilled , purity checked by 
ultraviolet absorbance . 

the pipet where it is again boiled 
for final degassing . Manipulation of 
the apparatus is such that the sol
vent never comes in contact with 
stopcock grease . The liquid in the 
pipet is sealed off by mercury . Its 
volume is the difference between the 
capacity of the pipet and the volume 

ESTIMATED ERROR: 
o T/K = 

o x1 /x 1 = 
0 . 02 
0 . 003 

REFERENCES : 
1 .  Kobatake , Y . ; Hildebrand , J .  H .  

o f  mercury that confines it.  Gas is 
admitted into the pipet . Its exact 
amount is determined by P-V measure
ments in the buret before and after 
introduction of the gas into the pipet . 
Equilibrium is attained within 24 hours . 

J,  Phys . Chern . 1 9 61 , 65 , 3 31 . 

The stirrer is set in motion . 



Organic Su bstances Containing Halogen 

COHPONENTS : 

( 1 )  Methane : CH4 ; [ 74-82-8 ] 

( 2 )  Tetrachloromethane : cc14 : 
[ 56-23-5 ] 

CRITI CAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Department of Chemistry 
Emory University 
Atlanta , GA 30322  USA 

1 98 5 , May 

685 

Horiuti (ref 1) reports solubil ity values at five temperatures between 
2 5 3 . 35 and 3 3 3 . 15 K .  Tomonaga e t  a l . (ref 2 )  report solubility values at 
temperatures of 2 8 2 . 71 ,  2 9 8 . 14 and 308 . 15 K .  Their mole fraction solubility 
values were calculated from Henry ' s  constants corrected for non-ideal 
behavior at the vapor pressure of the solvent . They report three values at 
3 0 8 . 15 K which average ( 2 . 7 8 6  ± 0 . 0 2 0 )  x 10- 3 mole fraction at atmospheric 
pressure . Both laboratories have reputations for reliable work . Both data 
sets are classed as tentative . 

The Tominaga et  a l .  average value at 3 0 8 . 15 K was used twice and all 
of the other experimental values from both papers used once in a linear re
gress ion to obtain the equation for use over the 2 5 3  to 333  K interval of  

ln  x 1 = -9 . 5 6 0 2 7  + 7 . 0 8 799/ (T/100  K)  + 1 . 2 1 4 5  ln  (T/100 K )  

with a standard error about the regression line of  2 . 5 2 x 10- 5 • 

Al l of the Horiuti data were within 0 . 2 5 percent of the regression 
line except the 3 1 3 . 15 K value which was 0 . 4 4 % smaller . The Tominaga e t  a l .  
values were 0 . 2 9 % larger , 1 . 5 7 % smaller and 1 . 0 1 % larger a t  the temper
atures of 2 8 2 . 7 1 ,  2 9 8 . 1 4 ,  and 308 . 15 K ,  respectively . 

The thermodynamic changes for the trans fer of one mole of methane from 
the gas at 0 . 101325  MPa to the infinitely dilute solution were calculated 
from the equation constants to be : 

T/K AH �/kJ mol- 1  M UJ r 1 mol- 1  !::.C o  /J K- 1 
p i mol- 1  

2 5 3 . 15 -3 . 34 -6 0 . 0  10 . 1  
2 7 3 . 15 -3 . 13 -59 . 8  10 . 1  
2 9 8 . 15 -2 . 8 8 - 5 8 . 4  10 . 1  

Smoothed values o f  the mole fraction solubi lity are in Table 1 .  

Table 1 .  Solubility o f  methane in tetrachloromethane . Tentative 
values of the mole fraction solubility as a function of 
temperature at a methane partial pres sure of 0 . 101325  MPa . 

T/K 10 3x 1 T/K 10 3x1 

2 5 3 . 15 3 . 5 8 0  2 9 8 . 15 2 . 8 6 2  
2 63 . 15 3 . 3 7 4  
2 7 3 . 15 3 . 19 9  3 0 3 . 15 2 . 8 0 8  
2 8 3 . 15 3 . 0 4 9  313 . 15 2 .  711  
2 93 . 15 2 . 92 0  3 2 3 . 15 2 . 62 6  

333 . 15 2 . 551  

REFERENCES : 

1 .  Horiuti , J .  Sa i .  Pap . Jnst .  Phys . Chem . Re s .  (Jpn)  19 31/3 2 ,  1 7, 
125-25 6 . 

2 .  Tominaga , T . ; Battino , R. ; Gorowara , B . ; Dixon , R .  D . ;  Wilhelm, E .  
J .  Chem . Eng . Data 1 9 8 6 ,  3 1 ,  



686 Organic Substances Containing Halogen 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2- 8 ) Horiuti , J .  

( 2 )  Tetrachloromethane or carbon 
tetrachloride ; CC14 ; [ 5 6 - 2 3 - 5 )  

Sai . Pap . Ins t .  Phy s .  Che rn .  Re s .  
(Jpn)  1 9 3 1/ 3 2 , 1 7 ,  1 2 5  - 2 5 6 . 

VARIABLES :  
T/K : 

p 1 /kPa : 
2 5 3 . 3 5 - 3 3 3 . 15 
1 0 1 . 3 2 5  ( 1 atm) 

EXPERIMENTAL VALUES : 
T/K Mol Fraction 

2 5 3 . 35 
2 7 3 . 15 
2 9 3 . 1 5  
3 1 3 . 15 
3 3 3 . 15 

1 0 3 :r 1 
3 . 57 8  
3 . 19 3  
2 . 91 9  
2 . 6 9 9  
2 . 54 5  

PREPARED BY : 

Bunsen 
Coefficient 

a/cm3 { STP ) cm- 3 atm- 1 
0 . 8 7 4 3  
0 . 7 6 2 1  
0 .  6 7 7 5  
0 . 6 1 3 3  
0 . 5 6 3 8  

M .  E .  Derrick 
H .  L .  Clever 

Ostwald 
Coeffic ient 

L/cm3 cm- 3 
0 . 8 1 0 9  
0 .  7 62 1  
o .  7 2 7 1  
0 . 7 03 1  
0 . 6 8 7 6  

The mole fraction and Bunsen coefficient values were calculated by the com
piler with the assumption the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 2 5 3 . 35 and 3 3 3 . 15 K .  

l n  x1 = -9 . 7 0 9 9  + 7 . 3 1 4 6/ { T/ l O OK) + 1 . 2 7 9 8  l n  { T/lOOK)  
The standard error about the regression line is  5 . 28 x 1 0- 6 •  

T/K Mol Fraction 

2 5 8 . 15 
27 3 . 1 5 
2 8 8 . 1 5 
2 9 8 . 1 5 
3 08 . 1 5 
3 1 8 . 15 
3 3 3 . 15 

1 0 3 :r  1 
3 . 47 3  
3 . 1 9 5  
2 . 97 7  
2 . 8 5 6  
2 . 7 5 1  
2 . 6 6 0  
2 . 54 4  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS : 
The apparatus consists of a gas buret, { 1 )  Methane . Aluminum carbide was 
a solvent reservoir ,  and an absorp- prepared from aluminum and soot 
tion pipet . The volume of the pipet carbon . The aluminum carbide was 
is determined at various meniscus treated with hot water . The gas 
heights by weighing a quantity of evolved was scrubbed to remove 
water . The meniscus height is read impurities , dried and fraction-
with a cathetometer . ated . Final product had a 

The dry gas is introduced into the 
degassed solvent . The gas and solvent 
are mixed with a magnetic stirrer 
until saturation . Care is taken to 
prevent solvent vapor from mixing 
with the solute gas in the gas bure t .  
The volume of g a s  i s  determined from 
the gas buret readings , the volume 
of solvent is determined from the 
meniscus height in the absorption 
pipet . 

density , p/g dm- 3 = 0 . 7 1 6 8± 0 . 0 0 0 3  
a t  normal conditions . 

{ 2 )  Tetrachloromethane . Kahlbaum . 
Dried over P205 and distilled . 
Boiling point { 7 6 0mmHg ) 7 6 . 7 4 °C .  

ESTIMATED ERROR: 

REFERENCES : 

o T/K = 

o:r1/x1 = 

0 . 0 5 
0 . 01 



Organic Substances Containing Halogen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane r CH4 r [ 7 4-82-8 ] Torninaga , T . r Battino , R . r 
Gorowara , B . 7 Dixon , R .  D . 7 
Wilhelm , E .  ( 2 }  Tetrachlorornethane o r  carbon 

tetrachloride r cc14 r [ 56-23-5]  
J.  Chem. En�. Data �. 31 , 

VARIABLES : 
T/K = 2 8 2 . 71 - 30 8 . 15 PREPARED BY : 

p1 /kPa = 10 1 . 325  H .  L .  Clever 

EXPERIMENTAL VALUES : 

T/K Mol Fraction Ostwald Henry ' s  
Coefficient Constant 

l 0 3 x1 L/crn3 crn- 3  10-6 H/Pa 

2 8 2 . 71 3 . 0 6 4  0 . 7 4 14 3 3 . 07 

2 9 8 . 14 2 . 818 0 . 7060  35 . 95 

3 0 8 . 15 2 . 7 6 2  0 . 7 0 6 0  3 6 . 69 
2 . 7 8 6  0 .  7122  3 6 . 37 
2 . 810  0 .  7180  3 6 . 0 6 

The mole fraction solubility at 101325  Pa was 
calculated from the author ' s  Henry ' s  constant 
by the compiler with no corrections . 

Henry ' s  constant H/Pa = (p 1/Pa } /x1 . 

101325  Pa = 1 atrn 

METHOD/APPARATUS/PROCEDURE : 

AUXILIARY INFORMATION 

SOURCE AND PURITY OF MATERIALS : 
{ 1 }  Methane . Matheson Co . ,  Inc . 

9 9 . 97 minimum mole percent . 
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The solubility apparatus is  based 
on the design of Ben-Nairn and Baer 
{ ref 1 } . The degassing apparatus is 
that described by Battino e t  a Z .  
{ref 2 } . 

Degassing . Up to 500  crn 3 of solvent 
is placed in a flask of such size that 
the liquid si about 4 ern deep . The 
liquid is rapidly stirred , and a 
vacuum is  intermittently applied 
through a liquid N2 trap until the 
permanent gas res idual pressure 

( 2 }  Tetrachlorornethane . Fishe r .  
Certi fied grade , 9 9  mol percent . 
Distilled through a 1 . 2  rn 
packed column , middle 8 0  % 
stored protected from light 
until use . 

drops to 5 microns . 
Solubility Determination . Ben-Nairn 

and Baer ' s  procedure is used. The 

ESTIMATED ERROR: 

0 . 00 8  

REFERENCES : 
1 .  Ben-Nairn , A . r Baer , S .  

gas is liquid vapor saturated , dis
solution is usually cornlete within 
10-20 minutes .  The mixing chamber 
volume are about 2 6 ,  6 5 ,  3 8 0 , and 
1650  crn3 calibrated to ± 0 . 01 crn 3 • 
The pressure is maintained constant 
and the volume changed by a micro
processor controled steping motor 
operating a piston in a precis ion 
bore tube . 

Trans . Faraday Soa . 1963,  b 9 , 2 9 3 5 . 

2 .  Battino , R. 7 Banzhof , M . 7 Bogan , M .  
Wilhelm , E .  

Ana Z .  Chem.  1971,  4 3, 8 0 6 . 

M-w 



688 Organic Substances Containing Halogen 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ) 
2 .  Dichlorodifluoromethane (Freon 1 2� 

CC l z F z ; [ 7 5-71-8 ) 

VARIABLES : 

EXPERIMENTAL VALUES : 
Mole fraction 

of methane 

ORIGINAL MEASUREMENTS : 

Yori zane , M. ; Yoshimura , S . ;  
r-1asuoka , H .  ; Miyano , Y .  ; 
Kakimoto , Y .  
J .  Chem. Eng .  Data 
1 9 8 5 , 3 0 , 1 7 4 - 1 7 6 . 

PREPARED BY : 

c .  L .  Young 

Mole fraction 
of methane 

T/K P /MPa in vapor , in liquid , T /K P/MPa in vapor , in liquid , 

2 6 3 . 2  1 . 3 6 

2 7 3 . 2  

2 . 7 9  
3 . 8 7 
5 . 1 1 
6 . 2 8  
7 . 2 9 
8 . 4 1 
9 . 1 4 
9 . 6 0 
9 . 9 3 
1 .  5 3  
1 .  7 5  
2 . 1 2 
3 . 0 0 
3 . 7 9 
4 . 4 3 
5 . 7 2 
7 . 4 9 
8 . 3 0 
8 . 5 9 
9 . 3 3 

1 1 . 1 6 

YcH 4 xCH 4 

0 . 0 9 1  0 .  7 7 3  
0 . 2 2 1  0 . 8 6 6  
0 . 3 0 5  0 . 8 9 3  
0 .  3 7 1  0 . 9 0 4  
0 . 4 3 4 0 . 9 0 7  
0 . 4 9 8  0 . 8 9 9  
0 . 577  0 . 8 9 2  
0 . 6 3 5  0 . 8 7 5  
0 . 6 55 0 .  8 7 2  
0 . 7 53 a critical 
0 . 0 8 8  0 . 7 8 5  
0 . 1 0 7  0 . 8 1 6  
0 . 1 3 6  0 . 8 4 4  
0 . 2 0 3  0 . 8 77  
0 . 2 56  0 . 8 9 1  
0 . 3 3 8  0 . 9 0 1  
0 . 4 0 0  0 . 9 1 4  
0 . 50 6  0 . 8 9 6  
0 . 5 4 1  0 . 8 8 4  
0 . 5 6 6  0 . 8 8 7  
0 . 6 1 5  0 . 8 6 6  
0 .  7 7 8 a critical 

2 9 8 . 2  1 .  9 9  
2 . 9 6 
4 . 0 6  
4 . 5 1  
4 . 9 0 
5 . 6 1 
6 . 4 4 
6 . 9 9 
7 . 4 0 
7 . 9 5 
8 . 5 1 
8 . 9 8 
9 . 2 7 
9 . 7 9  
9 . 9 8 

1 0 . 2 5 
1 0 . 6 7 

YCH4 xCH4 

0 . 1 0 4  0 . 5 1 2  
0 . 1 4 7  0 . 6 3 0  
0 . 2 22  o .  723  
0 . 2 4 6  0 . 7 5 9  
0 . 2 7 2  0 . 7 9 1  
0 . 3 27  0 . 8 0 1  
0 . 3 6 5  0 . 8 1 6  
0 . 4 0 1  0 . 8 33  
0 . 4 3 1  0 . 8 2 9  
0 . 4 6 5  0 . 8 2 8  
0 . 4 9 7  0 . 8 2 8  
0 . 5 6 2  0 . 8 2 5  
0 . 5 4 7  0 . 8 1 8  
0 . 6 0 4  0 . 8 1 5  
0 . 6 0 8  o .  8 1 1  
0 . 6 4 7  0 . 7 9 6  
0 . 7 4 0a critical 

a Estimated value s .  

AUXI LIARY INFORNATION 

METHOD APPARATUS/PROCEDURE : 

Apparatus consisted of two simi lar 
equilibrium cells , one fixed in 
position , the other could be moved 
so that liquid and vapor flowed 
between cells . Samples from cells 
analysed using gas chromatography .  
Pres sure measured with a Bourdon 
gauge and temperature with a 
standard mercury thermometer . 
Details of apparatus and procedure 
in source . 

SOURCl AND PUR11Y OF NATERI ALS : 

1 .  Purity 9 9 . 9  volume per cent . 

2 .  Purity 9 9 . 9 5 volume per cent . 

lSTlNATED ERROR: 

oT/K = ± 0 . 1 ;  oP/P = ± 0 . 0 05 . 

REFERt:NCES ; 
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COMPONENTS : ORIGINAL MEAS UREMENTS : 
l .  Methane; CH 4 ;  [ 7 4-82-8 ]  Nohka , J . ; Sarashina , E . ;  �rai , Y . ; 

Saito , s .  
2 .  Chlorodifluoromethane ; CHC1F 2 ; 

[ 7 5- 4 5-6 ]  

VARIABLES :  

Temperature ,  pressure 

EXPERIMENTAL VALUES : 
T/K p/10 5 Pa 

2 7 3 . 15 16 . 4  
3 0 . 0  
4 1 . 8 
63 . 4  
81 . 1  
9 2 . 9  
9 8 . 8  

105 . 4  
29 8 . 1 5 2 0 . 3  

4 0 . 5 
57 . 6  
81 . 1  
9 2 . 0  
9 5 . 3  

101 . 3  
323 . 15 3 0 . 4  

4 0 . 5  
4 8 . 6  
6 2 . 8  
7 5 . 3  
84 . 7  
9 2 . 9  

34 8 . 15 4 5 . 8  
5 5 . 7  
6 5 . 6  
7 0 . 9  

in 

J. Chem . Eng . Japan, 197 3 , 6, 10-17 

P REPARED BY : 

C . L .  Young 

Hole fraction of methane 
liquid , XCH4 in gas , YcH 4 

0 . 0536  0 . 6 5 8  
0 . 12 4  0 . 7 9 4  
0 . 187 0 . 831 
0 . 307  0 . 8 5 2  
0 . 4 2 4  0 . 853  
0 . 5 0 5  0 . 8 3 8  
0 . 54 6  0 . 821 
0 . 615  o .  7 7 8  
0 . 0 4 2 9  0 . 4 3 7  
0 . 14 2  0 . 6 5 9  
0 . 2 3 2  0 . 7 3 0  
0 . 3 5 8  0 . 7 5 4  
0 . 4 2 4  0 . 7 3 5  
0 . 4 4 8  o .  727  
0 . 517 0 . 7 01 
0 . 0 4 8 8  0 . 3 0 5  
0 . 0 9 6 9  0 . 4 3 6  
0 . 132  0 . 5 0 2  
0 . 207  0 . 55 2  
o .  2 7 2  0 . 5 6 9  
0 . 326 0 . 567  
0 . 4 0 0  0 . 5 2 8  
0 . 0 5 9 5  0 . 2 0 2  
0 . 107  0 . 2 6 8  
0 . 166  0 . 3 0 5  
0 . 204  0 . 322  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Static cell fitted with magnetic 1 .  No details given . 
stirrer. Temperature measured with 
liquid in glass thermometer and 2 .  Purity better than 9 9 . 9  mole % .  
pres sure measured wi th Bourdon 
gauge . After equilibrium established 
vapor and liquid samrles analysed 
by gas chromatography . Details in 
ref .  1 and 2 .  

ESTIMATED ERROR: 

oT/K = ±0 . 1 ; oP/10 5 Pa = ± 0 . 1 ;  
oxcH 4 , oycH4 = ± l% 
(estimated by compiler ) .  

REFERENCES : 
1 .  Kamini shi , G . ;  Arai , Y . ;  Saito , 

s .  ; Maeda , S .  
J .  Chem. Eng . Japan, 19 6 8 , 1 ,  109 . 

2 .  Sarashina , E . ;  Arai , Y . ; Saito , 
s .  
J .  Chem . Eng . Japan . 197 1 ,  4, 3 7 7 . 
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COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4- 8 2 - 8 ) 
2 .  Chlorodi f luoromethane (Freon 22 ) ;  

CHClF 2 ; [ 7 5 - 4 5 - 6 )  

VARIABLES : 

EXPERIMENTAL VALUES : 
Mole fraction 

of  methane 
T/K P/MPa in vapor , in liquid , 

YcH4 xCH4 

2 6 3 . 2  1 . 12 0 . 0 5 1  0 . 6 1 7  
2 . 0 3  0 . 0 9 6  o .  7 7 5  
3 . 2 1 0 . 17 2  0 . 8 4 3  
3 . 9 9 0 . 1 9 5  0 . 8 5 9  
5 . 0 2 0 . 2 7 6  0 . 8 8 1  
8 . 0 0 0 . 4 34 0 . 8 8 0  
8 . 8 6 0 . 4 8 0  0 . 8 5 2  
9 . 2 5 0 . 5 1 0  0 . 8 5 0  
9 . 8 0 0 . 5 4 0  0 . 8 4 4  

1 0 . 2 1  0 . 6 0 1  0 . 8 1 9  
1 0 . 4 8 0 . 6 3 1  0 . 7 6 0  
1 0 . 6 7 0 .  7 1 2a critical 

2 7 3 . 2  3 . 1 8 0 . 1 4 7  0 . 8 0 6  
4 . 1 1  0 . 1 9 5  0 . 8 30  
4 . 9 8 0 . 2 3 9  0 . 8 4 7  
6 . 6 7 0 . 8 53  
8 . 3 2 0 . 4 4 5  0 . 8 3 1  

ORIGINAL MEASUREMENTS : 

Yori zane , M . ; 
Masuoka , H .  ; 
Kakimoto , Y .  

Yoshimura , S . ;  
Miyano , Y . ; 

J.  Chern.  Eng. Data 

1 9 8 5 , 3 0 , 1 7 4 - 1 7 6 .  
PREPARED BY : 

C .  L .  Young 

Mole fraction 
of methane 

T/K P/MPa in vapor , in liquid , 
YcH4 xCH4 

2 7 3 . 2  8 . 8 3 0 . 4 5 8  0 . 8 3 8  
9 . 8 2 0 . 5 37  0 . 8 2 8  

1 0 . 2 7 0 . 5 8 0  0 . 8 1 8  
1 1 . 0 8 0 .  7 1 1  a critical 

2 9 8 . 2  1 .  92 0 . 0 4 0  0 . 4 0 1  
2 .  7 2  0 . 07 2  0 . 5 07  
4 . 2 4 0 . 1 5 7  0 . 6 6 5  
5 . 9 5 0 . 2 1 9  0 .  7 1 6  
7 . 2 8 0 . 2 9 6  0 .  7 2 1  
8 . 2 0 0 . 3 5 5  0 .  7 2 1  
9 . 1 3 0 . 3 8 0  0 . 7 0 1  

1 0 . 0 1 0 . 4 6 1  0 . 6 8 0  
1 0 . 3 6 0 . 5 1 7 a 0 . 6 44  
1 0 . 7 6 0 . 5 9 2  critical 

a Estimated values . 

AUXI LIARY INFORNATION 

METHOD APPARATUS /PROCEDURE : 

Apparatus consisted of two s imilar 
equilibrium cells , one fixed in 
position , the other could be moved 
so that liquid and vapor flowed 
between cells . Samples from cells 
analysed using gas chromatography . 
Pressure measured with a Bourdon 
gauge and temperature with a 
standard mercury thermometer . 
Details of apparatus and procedure 
in source . 

SOURCE AND PURl TY OF MATERIALS : 

1 . Purity 9 9 . 9  volume per cent . 

2 .  Purity 9 9 . 9 5 volume per cent . 

ESTI MATED ERROR: 

oT/K = ± 0 . 1 ;  oP/P = ± 0 . 0 0 5 . 

REFERENCES : 
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COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 -82 -8 ]  

( 2 )  1-Chlorohexane ; c6a11cl ; 
[ 544 -10-5 ]  

VARIABLES : 
T/K : 

P/kPa : 
2 93 . 15 , 2 9 8 . 15 
10 1 . 3 25 ( 1  atm) 

EXPERIMENTAL VALUES :  

T/K 

2 9 3 . 15 
2 9 8 . 15 

Mol Fraction 
4 .x1 X 10  

31 . 9  
31 . 1  

ORIGINAL MEASUREMENTS : 
Guerry , D .  Jr . 

Ph . D .  thesis , 1944  
Vanderbilt University 
Nashville , TN 

Thesis Director : L .  J .  Bircher 

PREPARED BY : 

Bunsen 
Coefficient 

(l 

0 . 52 2  
0 . 5 0 6  

H .  L .  Clever 

Ostwald 
Coefficient 

L 
0 . 5 60 
0 . 5 53 

The Ostwald coefficients were calculated by the 
compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A Van Slyke-Neill Manometric Appara
tus manufactured by the Eimer and 
Amend Co . was used . 
The procedure of Van Slyke ( 1 )  for 
pure l iquids was mod ified ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost complete 
recovery of the sample . 
An improved temperature control 
system was used . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by hydrolys is 

of crystaline methyl Grignard 
reagent . Passed through cone . 
H2so4 , solid KOH , and Dririte . 

( 2 )  1-Chlorohexane . Eastman Kodak 
Co . Purified , distilled from 
P 205 in a N2 atm. B . p .  ( 7 4 6 . 6  
mmHg ) t/°C 134 . 6 6 (corr . ) . 
Refractive index , density , and 
vapor pres sure data are in the 
thesis . 

ESTIMATED ERROR: 

o T/K = 0 . 05 

REFERENCES : 
1 .  Van Slyke , D .  D .  

J .  Bio Z .  Chern.  1 9 3 9 ,  1 3 0 ,  54 5 .  

2 .  Ij  ams , C .  c .  
Ph . D .  thesis , 194 1 
Vanderbilt University 
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692 Organic Substances Containing Halogen 

COMPONENTS : 
1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  Chlorobenzene ; c 6H5C l ; 
[ 1 0 8 - 9 0 - 7 ]  

EVALUATION : 

EVALUATOR :  

Colin L .  Young 
Department of Phys ical Chemi stry , 
University of Me l bourne . 
Parkvil l e ,  Victoria , 3 0 5 2  
Austra l i a .  
February 1 9 8 6 . 

This system has been s tudied by three groups o f  workers and there i s  
good consistency between the three sets of data . The data o f  Horiuti ( 1 )  
i s  the most extensive covering the temperature range 2 3 2  K to 3 7 3  K .  The 
more recent data o f  Lope z et al . ( 2 )  is in good agreement over the 
temperature range studied o f  2 6 3  K to 3 0 3  K. The data of Berl in et a l . ( 3 )  
were determined at e l evated pressures at 2 9 3 . 2  K .  This l atter set o f  data 
are not of high precision but , when extrapol ated as suming Henry ' s  l aw to bE 
obeyed , yie l d  mo l e  fraction solubi lities at 1 atmosphere partial  pressure 
which are consi stent with val ues given by the other two groups . Horiuti 
( 1 )  data are c l a s s i f ied as recommended and thought to be accurate to bettez 
than two per cent . 

References . 

1 .  Horiuti , J .  
S c i .  P a p . I n s t .  P h y s . C h ern . R e s .  ( Jpn ) ,  1 9 3 1 /3 2 , 1 7 ,  1 2 5 .  

2 .  Lope z ,  M .  C . ; Ga l l ardo , M . A . ; Urieta , J .  S . ; Gutierrez Losa , C . ; 
In t .  C o n t .  T h e rm o d y n . S o l n s . N o n e l e c t r o l y t e s , 1 9 8 4 , No 1 2 7 .  

3 .  Ber l i n ,  M .  A . ; Pl uzhnikova , M .  F . ; Stepanova , � . ; Potapov , v .  F . ; 
Vas i l  ' eva , N .  A . ; Tsybnl evskii ,  A . M . ; 

Z h . P r z k l . Kh z m . , 1 9 8 0 , 5 3 ,  1 6 6 1 . 



Organic Substances Containing Halogen 

COMPONENTS : 
( 1 )  Methane ; CH 4 ; [ 7  4-82-8 J 

( 2 )  Ch1orobenzene ; c6H5Cl ; 
[10 8-90-7 ] 

VARIABLES :  
T/K : 

p 1 /kPa : 
232 . 3 5 - 3 7 2 . 7 5  
1 0 1 . 325  ( 1  atm) 

EXPERIMENTAL VALUES :  
T/K Mol 

232 . 3 5  
252 . 6 5 
2 7 3 . 15 
2 9 3 . 1 5  
3 03 . 1 5 
3 3 3 . 1 5 
353 . 2 5 
372 . 7 5  

2 . 8 6 4  
2 . 47 7  
2 . 211 
2 . 02 9  
1 .  9 4 9  
1 . 8 1 7  
1 .  7 4 8  
1 .  710  

ORIGINAL MEASUREMENTS : 
Horiuti , J .  

Sai . Pap . Ins t .  Phy s .  Chem . Re s .  
(Jp n )  1 931/3 2 , 1 ? ,  125 - 256 . 

P REPARED BY : 

Bunsen 
Coefficient 

a/cm3 ( STP) cm- 3 atm- 1  
0 . 67 0 4  
0 . 5 6 8 6  
0 . 4 9 7 6  
0 . 4 4 8 0  
0 . 4 2 6 0  
0 . 3 8 5 2 
0 . 36 31  
0 . 34 7 9  

M .  E .  Derrick 
H .  L. Clever 

Ostwald 
Coefficient 

L/cm3 cm-3 
0 . 5 7 0 3  
0 . 5259  
0 . 4 97 6  
0 . 4 8 0 8  
0 .  4 7 2 8  
0 . 4 6 98 
0 . 4 6 9 6  
0 . 4 7 4 8  
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The mole fraction and Bunsen coefficient values were calculated by the com
piler with the assumption the gas is ideal and that Henry ' s  law is obeyed . 
Smoothed Data : For use between 2 3 2 . 3 5 and 37 2 . 75 K .  

l n  x1 = -11 . 8817  + 9 . 66 07/ ( T/lOOK) + 2 . 2 178 l n  ( T/lOOK) 
The standard error about the regression line is 6 . 0 8 x lo- 6 • 

T/K 

243 . 1 5 
2 5 8 . 15 
273 . 15 
2 8 8 . 1 5 
2 9 8 . 1 5 
308 . 1 5  

Mol Fraction 
l0 3 x 1 
2 . 6 37 
2 . 391 
2 . 2 06 
2 . 0 66 
1 .  9 9 2  
1 .  9 2 9  

T/K 

318 . 1 5 
328 . 1 5 
343 . 15 
3 5 8 . 15 
373 . 1 5 

Mol Fraction 
l 0 3 x 1 
1 .  8 7 6  
1 .  8 3 2  
1 .  7 7 9  
1 .  7 3 8  
1 . 7 0 8  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The apparatus consists of a gas buret, ( 1 )  Methane . Aluminum carbide was 
a solvent reservoir , and an absorp- prepared from aluminum and soot 
tion pipet.  The volume of the pipet carbon . The aluminum carbide was 
is determined at various meniscus treated with hot water . The gas 
heights by weighing a quantity of evolved was scrubbed to remove 
water . The meniscus height is read impurities , dried and fraction-
with a cathetometer . ated . Final product had a 

density , p/g dm- 3 = 0 . 7168± 0 . 0 0 03 
at normal conditions . The dry gas is introduced into the 

degassed solvent.  The gas and solvent 
are mixed with a magnetic stirrer 
until saturation . Care is taken to 
prevent solvent vapor from mixing 
with the solute gas in the gas buret . 
The vo lume of gas is determined from 
the gas buret readings , the volume 
of solvent is determined from the 
meniscus height in the absorption 
pipet . 

( 2 )  Chlorobenzene . Kahlbaum . Dried 
and distil led . Boiling point 
( 7 6 0  mmHg) 131 . 9 6 ° C .  

ESTIMATED ERROR: 
o T/K = 

ox l/xl = 

REFERENCES : 

0 . 05 
0 . 01 



694 Organic Substances Contain ing Halogen 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2 - 8 ]  

2 .  Chlorobenzene ; C s H sC l ;  
[ 10 8 - 9 0-7 ] 

VARIABLES :  

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
6 . 0  

ORIGINAL MEASUREMENTS : 

Berlin , M .  A . ; Pluzhnikova , M .  F . ; 
Stepanova , I .  N . ; Potapov , V .  F . ;  
Vasil ' eva , N .  A . ; Tsybnlevskii , A . M .  
Z h .  Pri k Z .  Khim. 

1 9 8 0 , 5 3 , 1 6 6 1- 3 . 

PREPARED BY : 

o . o o 
30 . 7 5 

c .  L .  Young 

Mole fraction of methaneb 

xCH 4 

0 . 1 1 5 2  

a volume of methane measured a t  2 9 3 . 2  K and 1 atmosphere pressure 
dissolved by unit volume of liquid . 

b calculated by compiler assuming molar volume of methane at 2 9 3 . 2  K 
and 1 atmosphere is 2 4 . 0 4 L .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A gas chromatographic method . No 1 .  Purity about 9 9 . 6- 9 9 . 8  mole per 

details given except ref .  ( 1 )  which cent . 
contains little additional informa-
tion . 2 .  Purified , final purity checked by 

refractive index measurements . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Berlin , M .  A . ; Pluzhnikova , M .  F . ;  

Stepanova , I .  N . ; 
Tsybnlevskii , A .  M .  
Z h .  Fi z .  Khim . 

1 97 7 , 5 1 , 7 6 7 . 



Organic Substances Containing Halogen 695 

COMPONENTS : ORIGINAL MEASUREMENTS : 
L6pez , M . ·  C . : Gallardo , M . A . ; 

{1 )  Methane : CH4 : [ 74-82-8 ] 

{ 2 )  Chlorobenzene : c6H5Cl : 
[ 10 8-90-7 ] 

Urieta , J .  s . : Gutierrez Losa , c .  

VARIABLES : 
T/K = 2 6 3 . 15  - 30 3 . 15 

p 1/kPa = 101 . 3  

EXPERIMENTAL VALUES : 

Int . Con f .  Thermodyn . Solutions of 
Nonelectrolytes ,  1 9 8 4 , Paper No . 1 2 7  

P REPARED BY : 
H .  L .  Clever 

T/K Mol Fraction 

10 4.-x: 1 
2 6 3 . 15 2 3 . 2  

2 73 . 15 2 2 . 1  

2 8 3 . 15 21 . 0  

2 9 3  • . 15 2 0 . 1  

3 03 . 15 1 9 . 2  

The authors fit their data to the equation 

-ln Xl = - 1 . 4 4 ln {T/K) + 1 . 3 5 

From which they obtained thethermodynamic changes 

�H �/kJ mol- 1  = - 3 . 34 and 

�8 �/J K- 1 mol- 1 = - 6 3 .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

The solubility apparatus was 
similar to that used by Ben-Naim 
and Baer {ref 1 )  • It consisted of a 
gas buret , mercury manometer , and 
solution vessel . The solvent was 
degassed in the solution vessel . 
Measurements were carried out on 
the vapor saturated gas . 

SOURCE AND PURITY OF MATERIALS : 

{ 1 )  Methane . Soc iedad Espana! del 
Oxigeno . Stated to be 9 9 . 95 
per cent pure . 

{ 2 )  Chlorobenzene . 

ESTIMATED ERROR: 
cST/K = ± 0 . 1  

ox1!x 1 = ± 0 . 0 1 

REFERENCES : 
1 .  Ben-Naim , A .  Baer , s .  

Tran s .  Faraday Boa .  1 9 6 3 ,  5 9 , 2 1 3 5 . 



696 Organic Substances Contain ing Ha logen 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2- 8 ] 

2 .  ( 1-chloroethy l ) -benzene ; C , H ,C l ;  
[ 106-4 3-4 ] 

VARIABLES :  

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
6 . 0  

ORIGINAL MEASUREMENTS : 

Berlin , M .  A . ; Pluzhnikova , M .  F . ;  
Stepanova , I .  N . ; Potapov , v .  F . ; 
Vasil ' eva , N .  A . ; Tsybnlevskii , A. M .  
Z h .  Pri k Z .  Khim . 

1 9 8 0 , 5 3 ,  1 6 6 1-3 . 

PREPARED BY : 

0 . 0 0 
7 . 4 0 

C .  L .  Young 

Mole fraction of methaneb 

.xCH 4 

0 . 0 3 9  

a volume of methane measured a t  2 9 3 . 2  K and 1 atmosphere pressure 
dissolved by unit volume of liquid . 

b calculated by compiler assuming molar volume of methane at 2 9 3 . 2  K 
and 1 atmosphere is 2 4 . 04 L .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS ; 

A gas chromatographic method . No 1 .  Purity about 99 . 6 -9 9 . 8  mole per 
details given except ref .  ( 1 )  which cent . 

contains little additional informa-
tion . 2 .  Purified , final purity checked by 

refractive index measurement s .  

ESTIMATED ERROR: 

REFERENCES : 
1 .  Berlin , M .  A . ; Pluzhnikova , M. F. ; 

Stepanova , I .  N . ; 
Tsybnlevskii , A .  M .  
Z h .  Fiz . Khim. 

19 7 7 , 5 1 , 7 6 7 .  



Organic Substances Contain ing Halogen 697 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 -8 2-8 ] 

2 .  1-Bromooctane ; C a H 1 1Br; 
[ 1 11-83 -1]  

VARIABLES : 

EXPERIMENTAL VALUES :  

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
2 . 0  
3 . 5  
6 . 0  

ORIGINAL MEAS.UREMENTS : 

Berlin , M. A . ; Pluzhnikova , M. F . ; 
Stepanova , N .  I . ;  Potapov , V. F . ; 
Vasil ' eva , N .  A . ; Tsybnlevskii , 
A .  M. 
Zh. P:I'ik Z .  Khim . 

1980 1 5 3 1  1661-3 o 

P REPARED BY : 

1 . 9  
2 . 8  
6 . 9  

12 . 0  

c .  L .  Young 

Mole fraction of methaneb 
xCH 4 

0 . 014 
0 . 0 2 0  
0 . 0 47 
0 . 0 8 0  

a volume o f  methane measured at 2 93 . 2  K and 1 atmosphere pre ssure 
dissolved by unit volume of liquid . 

b calculated by compiler as suming molar volume of methane at 2 9 3 . 2  K 
and 1 atmosphere is 24 . 0 4 L .  

AUXI LI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

A gas chromatographic method . No 

details given except ref . ( 1 )  which 

contains little additional informa-

tion . 

SOURCE AND PURITY OF MATERI ALS ; 

1 .  Purity about 9 9 . 6-9 9 . 8  mole per 
cent . 

2 .  Purified , final purity checked 
by refractive index measure
ments . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Berlin , M. A . ; Pluzhnikova , M . F . ,  
Stepanova , I .  N . ; 
Tsybnlevskii ,  A .  M .  
Z h .  Fi z .  Khim . 

1977 , 51 , 767 . 



698 Organic Substances Contain ing Halogen 

COMPONENTS : 

1 .  Methane ; CH � ; [ 7 4-82-8 ] 

2 .  1-Choorooctane ; C e H 1 1Cl ; 
[ 111- 8 5- 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
2 . 0  
3 . 5  
6 . 0  

ORIGINAL MEASUREMENTS : 

Berlin , M .  A . ; Pluzhnikova , M .  F . ;  
Stepanova , I .  N . ; Potapov , v .  F . ; 
Vasil ' eva , N .  A . ; Tsybnlevskii , A . M.  
Zh.  Pri k Z .  Khim. 

1 98 0 ,  5 3 ,  1 6 6 1-3 . 

PREPARED BY : 

3 . 4  
8 . 6  

10 . 6  
17 . 3  

c .  L .  Young 

Mole fraction of methaneb 

XCH� 

0 . 0 2 3  
0 . 0 5 7  
0 . 07 0  
0 . 10 9  

a volume o f  methane measured a t  2 9 3 . 2  K and 1 atmosphere pressure 
dissolved by unit volume of liquid . 

b calculated by compiler assuming molar volume of methane at 2 9 3 . 2  K 
and 1 atmosphere is 2 4 . 0 4 L .  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

A gas chromatographic method . No 

details given except ref . ( 1 }  which 
contains little additional informa

tion . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Purity about 9 9 . 6-9 9 . 8  mole per 

cent . 

2 .  Purified , final purity checked by 
refractive index measurements . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Berlin , M .  A . ; Pluzhnikova , M .  F . ;  

Stepanova , I .  N . ; 
Tsybnlevskii ,  A .  M .  
Z h .  Fi z .  Khim . 

1 9 7 7 , 5 1 , 7 6 7 .  



Orga nic Substances Contain ing Halogen 699 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-8 2-8 ) 

2 .  1-Iodooctane ; C 8 H 1 , I ;  
[ 6 29-27-6)  

Berlin , M.  A . ; Pluzhnikova , M.  F . ; 
Stepanova , I .  N . ; Potapov , V .  F . ; 
Vasil ' eva , N .  A . ; Tsybnlevskii , A .  M. 

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
2 . 0  
3 . 5  
6 . 0  

Z h .  Prik t .  Kh im. 

1980 , 5 3 , 1661- 3 .  

PREPARED BY : 

1 . 1 
1 . 7  
6 . 9  

12 . 0  

C .  L .  Young 

Mole fraction of methaneb 
XCH4 

0 . 00 8  
0 . 013 
0 . 04 9  
0 . 08 3  

a volume o f  methane measured at 29 3 . 2  K and 1 atmosphere pressure 
dissolved by unit volume of liquid . 

b calculated by compiler as suming molar volume of methane at 2 9 3 . 2  K . 
and 1 atmosphere is 24 . 0 4 L .  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A gas chromatographic method . No 1 .  Purity about 9 9 . 6 - 9 9 . 8  mole per 
details given except ref . ( 1 )  which cent . 
contains little additional informa-
tion . 2 .  Purified , final purity checked by 

refractive index measurements . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Berlin , M. A . ; Pluzhnikova , M. F. ; 
Stepanova , I .  N . ; 
Tsybnlevskii , A. M. 

Zh.  Fiz . Khim . 

19 77 , 5 1 , 7 6 7 . 



700 Organic Substances Contain ing Halogen 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2- 8 ]  

2 .  2-Iodooctane ; C a H 1 7 I ;  

[ 5 5 7 - 3 6 - 8 ] 

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
2 . 0  
3 . 5  
6 . 0  

ORIGINAL MEASUREMENTS : 

Berlin , M. A . ; Pluzhnikova , M .  F . ; 
Stepanova , I .  N . ; Potapov , V .  F . ;  
Vasil ' eva , N .  A . ; Tsybnlevskii ,  A . M .  
Z h .  Pri k Z .  Khim. 

1 9 8 0 , 5 3 ,  1 6 6 1-3 . 

P REPARED BY : 

a 

1 . 5  
1 . 4  
5 . 5  
4 . 2  

c .  L .  Young 

Mole fraction of methaneb 

XCH 4 

0 . 011  
0 . 010  
0 . 0 4 0  
0 . 0 3 1  

a volume o f  methane measured a t  2 9 3 . 2  K and 1 atmosphere pressure 
dissolved by unit volume of liquid . 

b calculated by compiler assuming molar volume of methane at 2 9 3 . 2  K 
and 1 atmosphere is 2 4 . 0 4 L .  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A gas chromatographic method . No 1 .  Purity about 9 9 . 6 - 9 9 . 8  mole per 

details given except ref .  ( 1 )  which cent . 

contains little additional informa-

tion . 2 .  Purified , final purity checked by 
refractive index measurements . 

ESTIMATED ERROR: 

REFERENCES : 

1 .  Berlin , M .  A . ; Pluzhnikova , M .  F . ;  
Stepanova , I .  N . ; 
Tsybnlevskii , A .  M .  
Z h .  Fiz .  Khim. 

197 7 , 5 1 , 7 6 7 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane � CH4 � [ 7 4-82-8 ] Berlin , M .  A . � Pluzhnikova , M .  F . � 
Stepanova , I .  N . � Potapov , V .  F . � 
Vasil ' eva , N .  A. � Tsybnlevskii , A .  M. 

2.  1-Chloronaphtha lene � C 1 o H7Cl �  
[ 9 0-13-1]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 9 3 . 2  

P/MPa 

1 . 0  
6 . 0  

Z h .  Pri k t .  Khim . 

19 8 0 ,  5 3 ,  1661-3 . 

P REPARED BY : 

3 . 9 5 ( ? )  
2 . 2 8 ( ? )  

c .  L .  Young 

Mole fraction of methaneb 
xCH 4 

0 . 021 9 
0 . 0128  

a volume of  methane measured at 29 3 . 2  K and 1 atmosphere pressure 
dissolved by unit vo lume of liquid . 

b calculated by compiler as suming molar volume of methane at 29 3 . 2  K 
and 1 atmosphere is 24 . 04 L .  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

A gas chromatographic method . No 1 .  Purity about 9 9 . 6 -9 9 . 8  mole per 
details given except ref . ( 1 )  which cent . 
contains little additional informa-
tion . 2 .  Purified , final purity checked by 

refractive index measurements . 

ESTIMATED ERROR: 

REFERENCES : 
1 .  Berlin , M .  A . � Pluzhnikova , M. F . � 

Stepanova , I .  N . � 
Tsybnlevski i , A. M .  
Z h .  Fi z .  Khim. 

19 7 7 ,  5 1 , 76 7 .  



702 Organic Substances Contain ing Sulfur 

COMPONENTS : 

( 1 )  Methane ; cH4 ; [ 74 - 8 2 - 8 ] 
( 2 )  Sulfur compounds 

Carbon disulfide ; cs2 ; [ 7 5 -1 5 - 0 ]  
Sulfinylbismethane o r  dimethyl
sulfoxide ; c2H6 so ; [ 6 7- 6 8 -5 ] 

CRITICAL EVALUATION : 

EVALUATOR: 

H .  Lawrence Clever 
Chemistry Department 
Emory University 
Atlanta , GA 3 0 32 2  USA 

1 9 8 5 , April 

Both Kobatake and Hildebrand (ref 1 )  and Powel l  ( re f  2 )  report the 
solubility of methane in carbon disulfide as a function of temperature . 
The studies were carried out in the same laboratory . There is a brief 
comment in the Powell paper saying his apparatus i s  capapble of better 
acuracy than the earlier work . Powells mole fraction solubility values 
range from 4 . 7  to 1 . 3  per cent smaller than the Kobatake and Hildebrand 
values as the temperature increases from 2 8 8  to 3 0 8  K .  We class both data 
sets as tentative , but prefer the Powe l l  data on the basis of his state
men t .  

Powel l  gives only the 2 9 8 . 15 K solubility value i n  h i s  paper along 
with the value of ' R ( slope ) ' from the log x1 vs . log T straight l ine . The 
solubility values calculated from his information are consistent with the 
thermodynamic changes for the trans fer of one mole of methane from the 
gas at 0 . 1 0 1 3 2 5  MPa to the infinitely dilute solution of 

AH �/kJ mol- 1 = -1 . 04 and AS � /J K- 1  mol- 1  = - 5 8 . 9  
The smoothed solubility values were calculated form the information in 
Powe l l ' s  pape r .  

Table 1 .  The solubility of methane i n  carbon disulfide . Tentative 
values of the mole fraction solubility as a function o f  
temperature a t  a methane partial pressure of 0 . 1 0 1 3 2 5  MPa .  

T/K 1 0 3 x 1 T/K 1 0 3x 1 

2 7 3 . 15 1 . 32 2  2 9 3 . 15 1 . 2 8 1  
2 7 8 . 15 1 . 31 1  2 9 8 . 15 1 . 27 2  
2 8 3 . 15 1 . 3 0 1  3 0 3 . 15 1 .  2 6 3  
2 8 8 . 15 1 . 2 9 1  3 0 8 . 15 1 . 25 4  

Dymond (ref 3 )  and Lenoir e t  a Z .  ( re f  4 )  report the solubility o f  
methane i n  sulfinylbismethane ( dimethylsulfoxide ) at 2 9 8 . 15 K by differ
ent methods .  Dymond used a volumetric method . Lenoir e t  a Z .  used a GLC
retention time method with the methane at a relatively low partial pressure . 

The mole fraction solubility values calculated at 2 9 8 . 15 K for a 
methane partial pressure of 0 . 1 0 1 3 2 5  MPa are : 

Dymond 3 . 8 6 x 10- � 
Lenoir e t  a Z .  4 . 10 x 1 0- � 

The values differ by about 6 percent which is satis factory for such 
different methods . Both values are classed as tentative , but the Dymond 
value is preferred when actual ly working at atmospheric pressure ( 0 . 1 0 1 3 2 5  
MPa ) . 

REFERENCES :  

1 .  Kobatake , Y . ; Hildebrand , J .  H .  J .  Phy s .  Chern.  1 9 6 1 ,  6 5 ,  3 31-5 . 

2 .  Powe l l , R .  J .  J .  Chern.  Eng .  Data 1 9 7 2 ,  1 7 ,  3 02-4 . 

3 .  Dymond , J .  H .  J .  Phy s .  Chern.  1967,  7 1 ,  1 8 2 9 -3 1 . 

4 .  Lenoir , J . -Y . ; Renault , P . ;  Renon , H .  J .  Chern. Eng .  Da ta 1971,  1 6 ,  
3 4 0-2 . 



Organic Substances Containing Su lfu r 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 74-82-8 ]  

( 2 )  Carbon disulfide ; cs 2 ; 
[ 7 5-15-0]  

VARIABLES : 

ORIGINAL MEASUREMENTS : 
Powell , R .  J .  

J .  Ch ern . Eng . Data 1972 , 1 ? ,  
3 0 2  - 3 04 . 

T/K :  
p 1 /kPa : 

27 3 . 1 5 - 3 0 3 . 1 5 
101 . 32 5  ( 1  atm) 

PREPARED BY : P .  L .  Long 
H .  L .  Clever 

EXPERIMENTAL VALUES : 
T/K Mol Fraction 

10 4 x 1 

2 9 8 . 1 5 12 . 72  

Bunsen 
Coefficient 

a/cm3 ( STP ) cm- 3 atm- 1 

0 . 4 7 1  

Ostwald 
Coefficient 

L/cm3 cm- 3 
0 . 514 

l:.log x 1 N = R l:. log T 

-0 . 8 7  

The Bunsen and Ostwald coeffic ients were calculated by the compiler . 

703 

The author states that the solubility measurements were made over the 
temperature interval of about 2 7 3 . 1 5 to 303 . 1 5 K ,  but only the solubility 
value . at 2 9 8 . 1 5 K was given in the paper . The slope , N=R ( l:. log x1 /t:.log T) , 
was g�ven . 
Smoothed Data : For use between 273 . 1 5 and 303 . 15 K 

The smoothed data were calculated by the compiler from 
the slope , N ,  in the form 
log x1 = log ( 1 2 . 72 x 10- 4 ) - ( 0 . 8 7/R ) log ( T/2 9 8 . 1 5 )  
with R = 1 . 9 8 7 2  cal K- 1  mol- 1 • 

T/K Hol Fraction 
10 3 x 1 

273 . 1 5 
278 . 1 5 
2 8 3 . 1 5 
2 8 8 . 1 5 
2 9 3 . 1 5 
2 9 8 . 1 5 
303 . 1 5 

1 .  322  
1 . 311 
1 . 3 01 
1 .  291  
1 . 2 8 1  
1 . 2 72 
1 .  263  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
The apparatus is the Dymond and 
Hildebrand ( 1 )  apparatus which uses 
an all glass pumping system to spray 
slugs of degassed solvent into the 
gas . The amount of gas dissolved is 
calculated from the initial and final 
pressures . The solvent is degassed 
by freezing , pumping , and followed 
by boil ing under reduced pre ssure . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  l4ethane .  Source not given . 

Stated to be manufacturer ' s  
research grade , dried over 
cac12 before use . 

( 2 )  Carbon disulfide . Source not 
given . Stated to be manu
facturer ' s  spectrochemical grade . 

ESTIMATED ERROR: 
ox1/x 1 = ± 0 . 002 

o N/cal K-1  mol-1  = ± 0 . 1  

REFERENCES : 
1 .  Dymond , J .  H .  ; Hildebrand , J .  II .  

Ind.  Eng . Ch ern . Fundarn . 1 9 67 , 6 ,  
1 3 0 . 

--



704 Organic Substances Containing Su lfur 

COMPONENTS : 
( 1 )  Hethane ; CH4 ; [ 7 4 -8 2-8 ] 

( 2 )  Carbon disulfide ; cs2 ; [ 7 5- 1 5 - 0 ]  

VARIABLES :  
T/K : 

P/kPa : 
2 8 8 . 16 - 3 0 7 . 95 
1 0 1 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Kobatake , Y . ; Hildebrand , J .  H .  

J .  Phy s .  Chern.  1 9 6 1 , 65 , 3 3 1  - 3 3 5 .  

P REPARED BY : 
H .  E .  Derrick 
H .  L. Clever 

Temperature Hol Fraction Bunsen Ostwald 

1 0 2 x Coefficient Coefficient 
t/ ° C  T/K 1 a/cm3 ( STP ) cm- 3 atm- 1 L/cm3 cm- 3  

---

1 5 . 01 2 8 8 . 1 6 1 .  3 5 1  0 . 5 0 6  0 . 5 3 4  
2 5 . 0 0  2 9 8 . 1 5 1 .  3 1 2  0 . 4 8 6  0 . 5 3 0  
3 4 . 8 0 3 0 7 . 9 5 1 . 2 6 9  0 . 4 64  0 . 5 2 3  

The Bunsen and Ostwald coefficients were calculated by the compiler . 
Smoothed Data : For use between 28 8 . 1 6 and 3 0 7 . 95 K .  

ln x1 = -7 . 5 7 8 7  + 2 . 8 0 34/ (T/ l O OK)  

The standard error about the regression line is 3 . 5 9 x 1 0- 6 • 

T/K Mol Fraction 
1 0 3 x 1 

28 8 . 1 5  
2 9 8 . 15 
3 0 8 . 15 

1 . 3 5 2  
1 .  3 0 9  
1 .  2 7 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
The apparatus consists of a gas meas
uring buret , an absorption pipet , and 
a reservoir for the solvent . The 

( 1 )  Hethane . Hatheson Co . ,  Inc . 

buret is thermostated at 2 5 °C , the 
pipet at any temperature from 5 to 3 0  
° C .  The pipet contains a n  iron bar 
in glass for magnetic stirring . The ( 2 )  
pure solvent i s  degassed by freez ing 
with liquid nitrogen , evacuating , 
then boiling with a heat lamp . The 
degassing process is repeated three 
times . The solvent i s  flowed into 

Research grade . Dried by passage 
over P205 followed by multiple 
trap vaporization and evacuation 
at liquid N2 temperature . 
Carbon disulfide . Mallinckrodt 
Chemical Works . Analytical 
Reagent grade . Shaken succes
sively with Hg and HgCl2 , 
filtered , distilled , and stored 
over Hg more than 5 days before 
use . 

the pipet where it is again boiled 
for final degassing . Hanipulation of 
the apparatus is such that the sol-

ESTIMATED ERROR: 

vent never comes in contact with 
stopcock grease . The liquid in the 
pipet is sealed off by mercury . Its 

0 . 02 
0 . 0 0 3  

volume is the difference between the REFERENCES : 
capacity of the pipet and the volume 
of mercury that confines it . Gas is 
admitted into the pipet . Its exact 
amount is determined by P-V measure-
ments in the buret before and after 
introduction of the gas into the pipet . The stirrer i s  set in motion . 
Equilibrium is attained within 2 4  hours . 



Organic Substances Containing Su lfu r 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ]  

( 2 )  Sulfinylbismethane o r  dimethyl 
sulfoxide ; c2H6os ( CH3SOCH3 ) ;  
[ 67-68-5 ]  

VARIABLES :  
T/K : 

p/kPa : 
2 9 8 . 1 5 
101 . 3 2 5  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
Dymond , J .  H .  

J .  Phy a .  Chern . 1967 , ?1 , 1829-1 8 3 1 . 

P REPARED BY : M .  E .  Derrick 
H .  L .  Clever 

T/K Mol Fraction 
l O �x 1 

Bunsen 
Coefficient 

a/cm3 ( STP ) cm- 3 atm- 1 
Ostwald 

Coefficient 
L/cm3 cm- 3 

2 9 8 . 1 5 3 . 8 6  0 . 1 21  0 . 1 32 

The Bunsen and Ostwald coefficients were calculated by the compiler . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The liquid is saturated with the gas 
at a gas partial pressure of 1 atm. 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Phillips Petroleum 

Co . Dried . 
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The apparatus is that described by 
Dymond and Hildebrand ( 1 ) . The 
apparatus uses an al l-glass pumping 
system to spray slugs of degassed 
solvent into the gas . The amount of 
gas dissolved is calculated from the 
initial and final gas pressure . 

( 2 )  Dimethylsulfoxide . Matheson , 
Coleman and Bell Co . Spectre
qual ity.  Dried and fractionally 
frozen . m . p .  18 . 3 7 ° C .  

ESTIMATED ERROR: 

REFERENCES : 

1 .  Dymond , J. ; Hildebrand , J.  H.  
Ind . Eng . Chern . Fundarn . 1967 , 
6 1 13 0 • 



706 Organic Substances Contain ing Su lfu r 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 74-82- 8 ]  

2 .  Sulfinylbismethane , (Dimethyl
sulfoxide) ; C 2H s SO ;  [ 67 - 6 8 - 5 )  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Lenoir , J-Y ; Renault , P . ; Renon , H .  

J .  Chern . Eng . Da ta , 197 1 ,  1 6 ,  3 4 0-2 . 

PREPARED BY : 

C .  L .  Young 

T/K Henry ' s  constant 
HCH /atm 

4 
Mole fraction at 1 atm* 

XCH 4 

2 9 8 . 2  2 4 4 0  0 . 0 0 0 4 10 

* Calculated by compiler as suming a line�r function of PCH vs xCH , 
i . e . , xCH ( 1  atm) = 1/HCH . 4 4 

4 4 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium .  The value of 
Henry ' s  law constant was ca lculated 
from the retnetion time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm.  pres sure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not al lowed for 
although its pos sible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 
purity 9 9 . 9  moler per cent . 
( 2 )  Touzart and Matignon or 
Ser labo sample , purity 9 9  mole per 
cent.  

ESTIMATED ERROR: 

oT/K = ±0 . 1 ;  oB/atm = ±6 % 
(estimated by compiler) .  

REFERENCES : 



Organic Substances Containing Su lfur 

COMPONENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-82-8 ] 

( 2 )  Cyclic amines ; c4H9N ,  c5H5N ,  
and c5H10N 

VARIABLES : 
T/K :  

P/kPa : 
293 . 1 5 ,  2 9 8 . 15 
101 . 3 2 5  (1  atm) 

ORIGINAL MEASUREMENTS : 
Guerry , D .  Jr . 

Ph . D .  thesis , 1944  
Vanderbilt university 
Nashville , TN 

Thesis Director : L .  J .  Bircher 

PREPARED BY : 
H .  L .  Clever 

EXPERIMENTAL VALUES :  
----�T�/�K��M�o�l�F�r-a_c_t��r· o-n----�·:B-u_n_s_e_n------�O�s�t�w-a�l�d�----

4 Coeffic ient Coefficient x1 x 10 a L 
Pyrrolidine ; c4H9N ;  [ 1 23-75-1]  

2 9 3 . 15 14 . 4  0 . 3 8 9  
2 9 8 . 15 14 . 1  0 . 3 7 9  

Pyridine ; c5H5N ;  
2 9 3 . 1 5 11 . 2  
2 9 8 . 1 5 11 . 2  

293 . 1 5 
2 9 8 . 1 5 

1 8 . 8  
1 9 . 0  

[ 110-86-1 ]  
0 . 3 13  
0 . 3 10  
[ 110-8 9-1]  
o . 4 2 7 1 
0 . 4 3 0  

0 . 4 17 
0 . 4 1 4  

0 . 3 3 6  
0 . 3 3 8  

0 . 4 5 9  
0 . 4 6 9  

The Ostwald coe fficients were calculated by the 
compiler . 

1 The value in the published abstract of the thesis 
is 0 . 4 72 . However , the value 0 . 4 2 7  is consistent 
with the mole fraction value . 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 
A Van Slyke-Neill Manometric Appara
tus manufactured by the Eimer and 
Amend Co . was used . 

SOURCE AND PURITY OF MATERIALS : 
Pyrrolidine . Pyrrole was prepared 
and catalytically reduced to 
pyrrolidine . B . p .  ( 7 5 0  mmHg ) t/°C 
8 8 . 12 - 8 8 . 2 6 (corr . ) . 
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The procedure of Van Slyke ( 1 )  for 
pure l iquids was modified ( 2 )  so 
that small solvent samples ( 2  cm3 ) 
could be used with almost complete 
recovery of the sample . 

Pyridine . Mallincrodt Chemical Co . 
Purified and distil led . B . p .  ( 7 4 3 . 9  
mmHg ) t/°C 114 . 9 6 - 115 . 0 6 (corr . ) . 

An improved temperature control 
system was used . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Prepared by hydrolysis 

of crystaline methyl Grignard 
reagent . Passed through cone . 
H2 S04 , solid KOH , and Dririte . 

( 2 )  Cyc lic amines . The pyridine and 
pyrrol idine were distilled from 
BaO under a N2 atmosphere . The 
piperidine was distilled from 
KOH under a N2 atmosphere . 
Experimental data on refractive 
index , dens ity and vapor pre s
sure are in the thesis . 

Piperidine . Part was a commercial 
sample (Eastman Kodak Co . ) ,  part pre
pared by reduction of pyridine . B . p .  
( 7 5 2 . 4  mmHg ) t/°C 106 . 00 - 106 . 1 7 .  

ESTIMATED ERROR: 

o T/K = 0 . 05 

REFERENCES : 
1 .  Van Slyke , D .  D .  

J .  Bio Z .  Chern .  1 93 9 , 1 3 0 ,  54 5 .  
2 .  Ijams , C .  C .  

Ph . D .  thesis , 1941  
vanderbilt University 



708 Organic Substances Containing Su lfur 

COMPONENTS : 

1 .  Methane ; CH � ; [ 74 - 8 2 - 8 ]  

2 .  Cyclohexylamine ; C s H 1 s N ;  
[ 1 0 8-91- 8 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Keevil , T .A . ; Taylor , D . R . ; 
S treitwieser , A .  

J .  Chern . Engng . Da ta . 1 9 7 8, 2 3 ,  
2 3 7-2 3 9 . 

PREPARED BY : 

C . L .  Young 

Partial pressure of methane = 1 atrn = 101 . 3  kPa . 

T/K 

3 0 3 . 2  

Mole fraction of 
methane , xCH� 

0 . 0 0 1 9 2  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Volumetric apparatus of moderate 
accuracy . Solvent confined to 
glass bulb and known amount of 
gas added . Pre s sure measured 
using a mercury manometer together 
with a null point manometer in which 
the gas pressure was balanced by 
dry air . Detai l s  in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  No details given . 

2 .  Degassed and dried over 
lithium cyclohexylamide . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oxCH � = ±1%  

REFERENCES : 



Organic Su bstances Containing Nitrogen 709 

COMPONENTS : ORIGINAL MEASUREMENTS : 

l .  Methane ; CH4 ; [ 74-82-8 ] Lenoir,  J-Y . ; Renaul t ,  P . ; Renon , H .  

2 .  Benzenamine; (Aniline) ; C6 H 7N ;  
[ 62-53- 3 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

J.  Chem . Eng . Da ta , 1971 , 1 6 ,  3 4 0-2 . 

PREPARED BY : 

c .  L.  Young 

T/K Henry ' s  constant 
HCH /atm 4 

Mo le fraction at 1 atm* 
xCH 4 

298 . 2  1580  0 . 000633  

* Calculated by compiler assuming a l inear function of  PCH 4 vs xcH 4 ' 
i . e . , xCH 4 ( 1  atm) = l/HCH4 . 

AUXILIARY INFORMATION 

�!HOD/APPARATUS /PROCEDURE : 
A conventional gas- liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier .gas was helium . The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
app lies to very low partial pres sures 
of gas and there may be a substantial 
dif ference from that measured at 
1 atm. pressure . There is also 
cons iderable uncertainty in the value 
of Henry ' s  constant since surface 
adsorption was not allowed for 
although its possible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 
purity 9 9 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 
Ser labo sample , purity 99 mole per 
cent . 

ES TIMATED ERROR: 
oT/K = �0 . 1 ;  oH/atm =�6 %  

(estimated by compiler ) • 

REFERENCES :  



7 1 0  Organic Substances Containing Nitrogen 

COMPONENTS : 

1 .  Methane ; CH - ;  [ 7 4 - 8 2- 8 ]  

2 .  Quinoline ; C 9 H 7N ;  [ 9 1- 22-5 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K p/atm 

4 6 2 . 7 5 19 . 91 
29 . 9 8  
4 9 . 9  

1 0 0 . 2  
1 4 9 . 4  
2 00 . 0  
2 4 9 . 7  

5 4 2 . 85 19 . 9 0 
2 9 . 91 
5 0 . 0  
9 9 . 3  

152 . 4  
1 9 9 . 4  
2 4 9 . 1  

6 2 2 . 6 5 1 9 . 8 3  
3 0 . 11 
4 9 . 8  
9 9 . 9  

151 . 3 
199 . 5  
2 4 9 . 0  

+ p /MPa 

2 . 017  
3 . 0 3 8  
5 . 0 6 

10 . 15 
15 . 14 
2 0 . 2 7 
2 5 . 3 0 

2 . 01 6  
3 . 0 3 1  
5 . 0 7 

10 . 0 6 
1 5 . 4 4 
2 0 . 2 0 
2 5 . 24 

2 . 0 0 9  
3 . 0 51  
5 . 0 5 

10 . 12 
15 . 3 3 
20 . 21 
2 5 . 2 3 

ORIGINAL MEASUREMENTS : 

S imnick , J . J . ; Sebastian , H .M . ; 
Lin , H-M . ; Chao , K-C , 

J.  Chern. Engng.  Data . 19 7 9 , 2 4 ,  
239-240  

PREPARED BY : 
C . L .  Young 

Mole fraction of methane 
in liqui d ,  i n  gas , 

xCH 2  YcH 2 

0 . 0197  0 . 9 8 15 
0 . 0 2 9 7  0 . 9 8 6 5  
0 . 04 88 0 . 9 9 0 1  
0 . 09 4 5  0 . 9 9 19 
0 . 13 5 2  0 . 9919  
0 . 1 7 5 0  0 . 9 9 0 4  
o .  2112 0 . 9 8 8 8 

0 . 0 2 0 6  0 . 8 8 7 6  
0 , 0311 0 . 9 1 8 7  
0 . 0 5 2 9  0 . 9 4 4 9  
0 . 10 3 6  0 . 9 612  
0 . 1571  0 . 9 6 4 3  
0 . 2 0 2 5  0 . 9 6 3 3  
0 . 2 4 5 5  0 . 9 6 2 2  

0 . 0170  0 . 5 8 3 8  
0 . 0 3 0 4  0 . 7 0 5 2  
0 . 0 5 5 7  0 . 7 9 9 9  
0 . 1191  0 . 8 6 9 2  
0 . 1831  0 . 8 8 6 6  
0 . 2410  0 . 8 8 8 6  
0 . 3010  0 . 8 8 37 

+ calculated by compiler . 

AUXILIARY INFOR}�TION 

METHOD /APPARATUS/PROCEDURE : 
Flow apparatus with both liquid and 
gas components continually passing 
into a mixing tube and then into a 
cell in which the phases separated 
under gravity . Liquid sample 
removed from bottom of cell and 
vapor sample from top of cell . 
Composition of samples estimated 
using gas chromatography . Temper
ature measured with thermocouple 
and pressure with Bourdon gauge . 
Details in ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 
1 .  Matheson sample , purity better 

than 99 mole per cent . 

2 .  Fisher Scientific Co . sample , 
distilled over zinc under 
helium , purity better than 9 9  
mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1-02 ; op/MPa = ± 0 . 5 % .  

oxCH 2 ' oyCH 2 
= ±2% . 

REFERENCES : 

1 .  Simnick , J . J . ; Lawson , C . C . ; 
Lin , H-M . ; Chao , K-C . 

Am. Ins t .  Chern . Engn�s . J .  1977 , 
2 3, 4 6 9 . 



Organic Substances Containing Nitrogen 

COMPONENTS : 

1 .  Methane; CH 4 ; [ 7 4 - 8 2- 8 ]  

2 .  Quinoline ; C 9H 7N ;  [ 91-2 2- 5 ]  

!XPERIMENTAL VALUES : 

T/K 

7 02 . 85 

p/atm 

3 0 . 0 3 
5 0 . 4  
9 9 . 9  

152 . 0  
1 7 5 . 2  
20 0 . 2  
2 2 0 . 2  

+ p /MPa 

3 . 0 4 3  
5 . 11 

10 . 12 
15 . 4 0 
17 . 7 5 
2 0 . 2 9 
22 . 3 1 

+ calculated by compiler . 

ORIGINAL MEASUREMENTS : 

Simnick , J . J . ; Sebas tian , H . M . ; 
Lin , H-M . ; Chao , K-C .  

J .  Ch ern.  Engng . Da ta . 197 9 , 24,  
239-2 40 . 

Mole fraction of methane 
in l iquid , in gas , 

xCH 2 YcH 2 

0 . 0170 
0 . 0514  
0 . 1379  
0 . 2 2 8 3  
0 . 2767  
0 .  3311  
0 . 4 0 2 7  

0 .  2 7 1 6  
0 .  4 7 7 0  
0 . 6 3 8 1  
0 . 6 8 0 2  
0 . 6 752  
0 . 6 6 3 9  
0 . 6391  

7 1 1 



7 1 2  Organ ic Substances Contain ing N itrogen 

COMPONENTS : EVALUATOR :  

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

2 .  1 -Methy 1 - 2 -pyrro1 idinone ; 
c5H9NO ; [ 8 7 2 - 5 0 - 4 ] 

EVALUATION : 

colin L .  Young 
Department of Phys ical Chemi stry , 
University of Me l bourne . 
Parkvi l l e ,  Vi ctoria ,  3 0 5 2  
Austra l ia . 
February 1 9 8 6 .  

There appears to be l arge discrepancies between the mol e  fraction 
sol ubi l ities for this mixture as reported by the various workers ( 1 -4 ) .  
The datum of Wu et a l . ( 4 )  at 2 9 8 . 1 5 K i s  in reasonab l e  agreement with the 
datum of Lenoir et a l . ( 2 )  at the same temperature . The high pressure data 
of Shakhova and Zubchenko ( 1 )  appears to be consistent with that of Wu et 
a l . { 4 )  and Lenoir et a l . { 2 )  but the necessary assumption that Henry ' s  l aw 
i s  va l i d  between 0 . 1  and 2 . 1  MPa does not a l l ow c l oser compari son . Al l 
three sets o f  data are c l assi f i ed as tentative . The data o f  
Murri�ta-Guevara and Rodriguez ( 3 )  disagrees with the previous three 
workers data being of the order of 8 0 - 1 0 0  per cent l arger . Their data are 
c l a s s i f ied as doubtful . 

References 

1 .  Shakhova , s .  F . ; Zubchenko , Yu . P .  
K h � m . P r om . , 1 9 7 3 , 4 9 ,  5 9 5  

2 .  Lenoir , J-Y . ; Renau l t ,  P . ; Renon , H .  
J .  C h e m .  En g .  D a t a  1 9 7 1 , 1 6 ,  3 4 0 .  

3 .  Murrieta-Guevara , F:;-Rodriguez , A .  T .  
J .  C h e m . En g .  D a t a  1 9 8 4 , 2 9 1  4 5 6 . 

4 .  Wu , Z . ; Zeck , S . ; Knapp , H .  
Be r .  B u n s e n g e s . P h y s . C h e m . , 1 9 8 5 , 8 9 ,  1 0 0 9 .  



Organic Substances Contain ing N itrogen 

COMPONENTS : 

1 .  Methane; CH 4 ;  [ 7 4-82- 8 ]  

2 .  1-methyl- 2-pyrrolidone ; 
C 5H 9NO : [ 872-50- 4 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

29 8 . 1 5 2 . 0 8 7  
2 . 9 6 9  
3 . 334  
4 . 316 
5 . 24 9  
6 . 080  
7 . 255  
7 . 964  
8 . 04 5  
8 . 339  
8 . 4 8 1  

10 . 254  

3 4 3 . 1 5  2 . 1 5 8  
3 . 587  
3 . 8 09 
6 . 8 7 0  
6 . 87 0  
8 . 7 34  
9 .  372  
9 . 8 5 9  

11 . 136  
11 . 571 

3 7 3 . 15 2 . 15 8  
4 . 904  

METHOD /APPARATUS /PROCEDURE : 

ORIGINAL MEASUREMENTS : 

Shakhova , S . F . ; Zubchenko , Yu . P .  

Khim . Prom . 19 73 , 49,  5 9 5-6 

P REPARED BY : 

C . L .  Young 

Mole fraction of + a 
methane in l iquid, vol/vol 

XCH4 

0 . 0190  4 . 5  
0 . 0269  6 . 4  
0 . 0293  7 . 0  
0 . 0374  9 . 0  
0 . 0 4 6 5  11 . 3  
0 . 0515  12 . 6  
0 . 0 5 9 6  14 . 7  
0 . 0661  16 . 4  
0 . 0664  16 . 5  
0 . 0 6 7 2  16 . 7  
0 . 0672  16 . 7  
0 . 0 7 8 3  19 . 7  

0 . 0186  4 . 4  
0 . 0305  7 . 3  
0 . 0317  7 . 6  
0 . 0 5 3 5  13 . 1  
0 . 0 5 5 0  13 . 5  
0 . 0 6 6 8  16 . 6  
0 .  0713  17 . 8  
0 . 0 7 3 5  1 8 . 4  
0 . 0 8 2 0  2 0 . 7  
0 . 0 8 5 6  21 . 7  

0 . 01 8 2  4 . 3  
0 . 0 3 8 6  9 . 3  

AUXI L IARY INFORMATION 

SOURCE AND PURI TY OF MATE RIALS : 

Rocking autoclave . Mixture stirred 
by ball in rocking autoclave . 
Samples of liquid analysed by 
Volumetric method . Detai ls in ref . 
( 1 )  • 

1 .  Purity 97 . 8  mol e per cent . 

2 .  No details given. 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 0 1 ;  
OXCH 4 = ± 5% . 
(es timated by compiler) 

REF E RENCES : 

7 1 3  

1 .  Shakhova , S . F . ; Zubchenko , Yu . P . ;  
Kaplan , L . K .  

Khim . Prom.  1 97 3 ,  5 ,  1 0 8 . 



7 1 4  Organic Substances Contain ing N itrogen 

COMPONENTS : 

l .  Methane ; CH 4 ;  [ 74 - 8 2- 8 ]  

2 .  1-methyl- 2-pyrrolidone ; 
C 5 H 9NO ; [ 8 7 2 - 5 0-4 ] 

EXPERIMENTAL VALUES :  

T/K P/MPa 

3 7 3 . 15 5 . 3 5 0  
7 . 4 0 7  
9 . 2 2 1  
9 . 39 3  

1 0 . 3 0 5  
10 . 3 7 5  

ORIGINAL MEASUREMENTS : 

Shakhova , S . F . ; Zubchenko , Yu. P .  

Khim. Prom . ,  1 9 7 3 , 4 9 , 5 9 5-6 . 

Mole fraction 
of methane in 

liqui d , xCH 4 

0 . 0 4 21 
0 . 0 5 6 9  
0 . 0 6 6 8  
0 . 0 6 8 7  
0 . 0 7 5 0  
0 . 0 7 5 0  

+ 
a. 

vol/vol 

1 0 . 2  
1 4 . 0  
16 . 6  
1 7 . 1  
1 8 . 8  
1 8 . 8  

+ quoted in original paper , appears to be volume of 
gas at T/K = 2 7 3 . 15 and P = 1 atmosphere absorbed 
by unit volume of liquid at room temperature . 



Organic Substances Contain ing Nitrogen 7 1 5  

COMPONENTS : ORIGINAL MEASUREMENTS : 
l . Methane ; CH � ; [ 7 4-82- 8 ]  Lenoir , J-Y . ; Renault , P . ;  Renon , H .  

2 . 1-Methyl-2-pyrrolidinone ; 
C 5 HgNO;  [ 8 72- 50- 4 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

J. Chern . Eng .  Data 19 7 1 ,  1 6 ,  340-2 

PREPARED BY : 
C . L .  Young 

T/K Henry ' s  Constant 
HcH/atm 

Mole fraction at 1 atm* 
XCH 4 

29 8 . 15 1020 0 . 0009 80 

* Calculated by compiler assuming a linear function of PcH 4 vs xcH 4 ' 
ie . xCH 4 ( 1  atm) = l/HCH4 

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium.  The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm. pressure . There is also 
cons iderab le uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not allowed for 
although its pos sible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 

purity 99 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 
Serlabo sample , purity 9 9  mole per 
cent . 

ESTIMATED ERROR: 
o T/K = ±0 . 1 ; oH/atm = ±6 % 

(estimated by compiler) • 

REFERENCES : 



7 1 6  Organic Substances Containing Nitrogen 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 -8 2 - 8 ] 

( 2 )  2 -Amino-ethanol or monoethanol
arnine ; c2 H7NO ; [ 1 4 1- 4 3 - 5 ] 

( 3 )  1-Methyl-2-pyrrolidinone or N
methylpyrrolidone ; c5H9No ; 
[ 8 72-50-4 ] 

VARIABLES : 
T/K = 2 9 8 . 2 

p 1 /MPa = 0 . 02 6 1  - 0 . 1 9 7 2  

EXPERIMENTAL VALUES : 

Temperature Pressure 

T/K p 1;atm p 1 ;MPa 

2 5 . 0  2 9 8 . 2  0 . 2 6 9  0 . 02 7 3  
0 . 4 6 9  0 . 0 4 7 5  
0 . 6 8 7  0 . 06 9 6  
0 . 9 3 7  0 . 0 9 4 9  
1 . 2 1 3  0 . 12 2 9  
1 . 5 7 8  0 . 1 5 9 9  
1 . 94 2  0 . 19 6 8  

2 5 . 0  2 9 8 . 2  0 . 2 5 8  0 . 02 6 1  
0 . 4 6 6  0 .  0 4  7 2  
0 . 6 8 6  0 . 0 6 9 5  
0 . 9 3 7  0 . 09 4 9  
1 .  2 4 7  0 . 12 6 4  
1 . 5 9 4  0 . 1611 
1 . 9 3 8  0 . 1 9 6 4  

2 5 . 0  2 9 8 . 2  0 . 27 4  0 . 02 7 8  
0 . 4 8 6  0 . 0 4 9 2  
0 . 7 0 2  0 . 0 7 1 1  
0 . 94 8  0 . 09 6 1  
1 . 15 8  0 . 11 7 3  
1 . 4 6 8  0 . 14 8 7  
1 .  6 9 4  0 . 1 7 1 6  
1 .  9 4 6  0 . 19 7 2  

METHOD/APPARATUS/PROCEDURE : 
The apparatus was a l iquid-vapor 

equilibrium system with circulation o 
the gas phase . The 1 7 0  cm 3 equilibriw 
cell was made of glass with a gas 
inlet tube ending in a fritted glass 
disk at the bottom of the cel l .  
The solvent was placed in the cell 
and weighed . The degassing was carr
ied out in s i tu by freezing-evac
uating-thawing cycles . 

A known amount of solute gas was 

ORIGINAL MEASUREMENTS : 

Murrieta-Guevara , F . ; Rodriguez ,  A . T 

J .  Chern.  Eng .  Data 1 9 8 4 ,  2 9 ,  4 5 6  -
6 0 .  

PREPARED BY : 
H .  L .  Clever 

Monoethanol
amine 

wt % 

0 

5 . 1  

14 . 3  

Methane 

0 . 6  
1 . 0  
1 . 3  
1 . 7  
2 . 0  
2 . 4 
2 . 7  

0 . 7  
1 . 4  
2 . 1  
2 . 6  
3 . 3  
4 . 0  
4 . 6  

0 . 6  
1 . 3  
1 . 7  
2 . 2  
2 . 4  
3 . 0  
3 . 3  
3 . 4  

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Matheson Co . ,  Inc . 
Stated to be 99 . 9 9 mol % .  

( 2 )  Monoethanolamine . J . T . Baker Co . 
9 9 . 56 mol % .  Fractionated and 
dried . 

( 3 )  N-Methylpyrrolidone . Matheson , 
Coleman and Bel l .  98 mol % .  
Fractionated and dried , GLC 
purity better than 9 9 . 5  mol % .  

added to the system at thermal equil - �
E�S�T�I�HA�T�E�D�ER�R�O�R

-
:
----------------------� 

ibriurn and a pump started to circu-
late the vapor phase . Equilibrium was oT/K = ± 0 . 1  
attained in 30  minutes .  The equilib- op 1 /P 1 = ± 0 . 0 0 1  
rium pressure in the c e l l  was measur- ox 1!x1 = ± 0 . 10 
ed with a calibrated stainless steel 
pressure transducer used in absolute REFERENCES : 
fashion . 

( compiler) 

Purification o f  the solvents is 
de scribed in (ref 1)  • 

1 .  Murrieta-Guevara , F . ; Rodrigue z , A .  
J .  Chern. Eng .  Data 19 8 4 ,  2 9 ,  2 0 4 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 
(1 )  Methane 1 CH4 1 [ 7 4-82-8 ) Murrieta-Guevara , F . 1 Rodriguez ,  T .  A 
( 2 )  

( 3 )  

2 , 2 ' -Iminobis-ethanol or diethan
olamine 1 c4H11No2 1 [111 -42-2 ) 
1-Methyl-2-pyrrolidinone or N
methylpyrrolidone : c5H9No: 
[ 872-50-4 ) 

VARIABLES : 
T/K = 2 9 8 . 2  

p 1 /MPa = 0 . 02 7 3  - 0 . 19 8 1  

EXPERIMENTAL VALUES : 

Temperature Pressure 

P 1;atm p /MPa 

2 5 . 0  2 9 8 . 2  0 . 2 69  0 . 0 2 7 3  
0 . 4 6 9  0 . 04 7 5  
0 . 6 8 7  0 . 0696  
0 . 9 3 7  0 . 09 4 9  
1 . 2 1 3  0 . 12 2 9  
1 . 5 7 8  0 . 15 9 9  
1 .  9 4 2  0 . 19 6 8  

2 5 . 0  2 9 8 . 2  0 . 2 7 0  0 . 0274  
0 . 4 6 8  0 . 0474  
o .  721  0 . 0732  
0 . 9 37 0 . 0 9 4 9  
1 . 23 8  0 . 12 5 4  
1 . 5 8 2  0 . 16 0 3  
1 . 9 5 5  0 . 19 8 1  

J .  Chern . Eng .  Data 
6 0 . 

PREPARED BY : 

Diethanol
amine 

wt % 

0 

14 . 3  

H .  L .  Clever 

Methane 

0 . 6  
1 . 0  
1 . 3  
1 . 7  
2 . 0  
2 . 4  
2 . 7  

0 . 6  
1 . 0  
1 . 4  
1 . 7  
2 . 2  
2 . 8  
3 . 2  

AUXILIARY INFORMATION 

�TROD /APPARATUS /PROCEDURE : 
The apparatus was a liquid-vapor 

equilibrium system with circulation 
of the gas phase . The 170  cm 3 equili
brium cell was made of Pyrex glass 
with a gas inlet tube ending in a 
fritted glass disk at the bottom of 
the cell . 

The solvent was placed in the cell 
�nd weighed . The degassing was carr
led out in situ by freez ing-evacu
ating-thawing cycles . 

SOURCE AND PURITY OF MATERIALS : 
{ 1 )  Methane . Matheson Co . ,  Inc . 

stated to be 9 9 . 99 mol % .  
( 2 )  Diethanolamine . J .  T .  Baker Co . 

98 . 5  mol % .  
( 3 )  N-Methylpyrrolidone . Matheson , 

Coleman and Bel l .  9 8  mol % .  
Both solvents fractionated and dried 
GLC purity then better than 99 . 5  
mol % .  See (ref 1 ) . 

ESTIMATED ERROR: 
A known amount of  solute gas was oT/K = ± 0 . 1  added to the system already at ther- op l/p l = ± 0 . 001  mal equilibrium and the vapor phase ox1 ;x 1 = ± o . lO ( compiler) 

7irculated by a magnetic pump. Equil-
lbrium pressure was attained within �RE�F=E�RE�N�CE�'S�:----------------------------� 30 minutes .  The equilibrium pressure 
was measured with a calibrated stain- l . Murrieta-Guevara , F . 1 Rodriguez , A . T .  �ess steel pressure transducer used J .  Chern. Eng .  Da ta 1 9 8 4 ,  2 9 ,  2 0 4 . 
1n the absolute fashion . 

Purification of the solvents is 
described in {ref 1 ) . 



7 1 8  Organ ic Su bstances Contain ing N itrogen 

COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 
2 .  1 -Methy l - 2-pyrrol idinone ; 

C 5 H 9 NO ; [ 8 7 2 - 50 - 4 ] 

VARIABLES : 

Composition of so lvent 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 1 5 

a 

Henry ' s  constant 
/MPa 

39 . 06 0  

ORIGINAL MEASUREMENTS : 

Wu , Z . ; Zeck , S . ; Knapp , H .  
Ber . Bunse nge s .  Phys . Chern . ,  
1 9 8 5 ,  89 , 1 0 0 9 - 1 0 1 3 .  

P REPARED BY : 

C .  L .  Young . 

Ostwal d  coe f f icient , 
L 

0 . 0 3 4 9  

Mol e  f raction 
of methane 

X 1 0 4 

0 . 2 5 9 4  

a 

Calculated by compiler for a partial pressure of 1 atmosphere 

AUX I L I ARY I N FORHATION 

METHOD 'APPARATUS / P ROCEDURE : 

Precis ion volumetric apparatus 
described in deta i l  in re f .  ( 1 ) .  
Pres sure measured with mercury 
manometer . 

SOURC� AND PUR I TY OF ��TE RI ALS : 

1 .  Puri ty better than 9 9  volume 
per cent . 

2 .  Merck sampl e ,  dried with 
mol ecular sieve 4 X .  Final 
water content less than 0 . 0 1  
mass per cent , purity 9 9 . 9  mo le 
per cent by GC.  

E S T l �TED ERRO R :  

aT/K = ±0 . 0 1 ;  3P/Pa = ± 5 0 ; 
ax = ± o . oo s  

REFERENCE S : 

1 .  Zeck , S . ; Dissertation , 
TU Berl in , 1 9 8 5 .  



Organic Su bstances Containing N itrogen 

COMPONENTS : 
( 1 ) Methane ; CH4 ; { 7 4-82-8]  

( 2 ) N-Methyl formamide ; c2H5NO ; 
[123-39-7]  

VARIABLES :  
2 9 8 . 15 
1 0 1 . 325  ( 1  atm) 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 
de Ligny , ·c . L . ; Denessen , H . J  . M .  
Alfenaar , M .  

Rea � .  Tra v .  Chim . Pays-Bas 1 9 7 1 ,  
9 0 , 1265-12 8 4 . 

P REPARED BY : 
H .  L .  Clever 

7 1 9  

T/K Molality 
l 0 3m1 /mol kg-1 

Mol Fraction 
l O �x 1 

Bunsen 
Coefficient 
a/cm3 ( STP ) cm-3 atm-1 

Ostwald 
Coefficient 

L/cm3 cm- 3 
2 9 8 . 15 8 . 3 2  ± 0 . 0 6 4 . 9 2 0 . 18 6  0 . 2 04  

The mole fraction , Bunsen and Ostwald coeffic ients values were calculated 
by the compiler assuming ideal gas behavior . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Details of the method are given in an ( 1 )  Methane . Baker Chemical co . 
earlier paper ( 1 ) . The so lvent is Ultra pure . 
saturated with gas in a special two 
cell vessel in which the gas is pre- ( 2 )  
saturated with solvent vapor . A one 
cm3 sample of the gas-saturated 

N-Methylformamide . Source not 
given . Purified by the method 
of Verhoek ( 2 ) . Water content 
< 0 . 02 %  (Fisher titration) , no 
other impurities detected by 
GLC . 

l iquid i s  taken and inj ected into a 
Becker gas chromatograph equipped 
with a stripping vessel mounted in 
front of a 15% carbowax-on-celite 
1 m column . The carrier gas is 
oxygen free helium .  A katharometer 
detector is used . 

M-x 

ESTIMATED ERROR: 

REFERENCES : 
1 .  de Ligny , C . L . ; van der Veen, N . G .  

Rea � .  Trav .  Chim.  Pay s-Bas 19 7 1 ,  
9 0 , 9 8 4 . 

2 .  Verhoek , F .  H .  
J .  Am . Chern .  Soc . 1936 , 5 8 ,  2 5 7 7 . 



720 Organic Substances Contain ing N itrogen 

COMPONENTS : 

( 1 ) Methane i CH4 i [ 7 4 - 8 2- 8 ] 

( 2 )  N, N-Dimethylformamide ; c3H7NO ; 
[ 6 8- 12-2 ] 

VARIABLES :  

T/K = 2 7 4 . 1 5 - 3 1 3 . 1 5 
p 1 /kPa = 2 6 . 6 6 - 119 . 9 9 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

Haidegger , E . ; S zebenyi , I . ;  
S zekely , A.  

Magy . Kern .  Fo Zy . 1 9 5 8 , 6 4 ,  
3 6 5-7 1 .  

PREPARED BY : 

H .  L .  Clever 

Temperature Pressure Absorption Bunsen 
Coefficient Coefficient 

t/ ° C T/K p l /mmHg /cm 3 (STP) cm- 3 ajcm 3 (STP ) cm- 3 atm- 1 

--

1 2 7 4 . 15 2 0 0  
4 0 0  
6 0 0  
7 6 0  
9 0 0  

5 2 7 8 . 15 2 0 0  
4 0 0  
6 0 0  
7 6 0  
9 0 0  

2 0  2 9 3 . 15  200  
4 00 
6 0 0  
7 6 0  
9 0 0  

4 0  3 1 3 . 15 2 0 0  
4 0 0  
6 0 0  
7 6 0  
9 0 0  

The compiler calculated the 

AUXILIARY 

METHOD/APPARATUS / PROCEDURE : 

The apparatus consists of an 
absorption flask in a thermostated 
bath and an water-j acketted buret. 

0 . 10 0 . 3 8 
0 . 2 1 0 . 4 0 
0 . 3 2 0 . 4 0 5  
0 . 4 2  0 . 4 2  
0 . 4 9 0 . 4 1  

0 . 08 0 . 3 0 
0 . 1 9 0 . 3 6 
0 . 3 1 0 . 3 9 
0 . 3 9 0 . 3 9 
0 . 4 6 0 . 3 9 

0 . 07 0 . 27 
0 . 16 0 . 3 0 
0 . 2 5 0 . 32 
0 . 3 1 0 . 3 1 
0 . 3 8 0 . 32 

0 . 0 4 0 . 15 
0 . 09 0 . 17 
0 . 16 0 . 2 0 
0 . 21 0 . 2 1 
0 . 2 5 0 . 21 

Bunsen coefficients . 

INFORMATION 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . No information . 

( 2 )  N, N-Dimethylformamide . 
Distilled , dried . Refractive 
index n1 5  = 1 . 4 2 6 5 ,  density 
p � 5= 0 . 94 5 1  g cm- 3 • The water 
content was 0 . 2  wt percent . 

ESTIMATED ERROR: 

ca/a = ± 0 . 0 5 (compiler) 
At pressures 6 0 0  mmHg and above . 

REFERENCES : 



Organic Substances Containing Nitrogen 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 74 -8 2 - 8 ]  Powell , R .  J .  

( 2 )  1 , 1 , 2 , 2 , 3 , 3 , 4 , 4 , 4 -Nonafluoro- J.  Chern . Eng . Data 1 9 7 2 , 1 7 ,  
N ,  N-bis ( nonafluorobutyl ) -1- 302 - 3 0 4 . 
butanamine or perfluorotributyl-
amine ; ( C4F9 ) 3N ;  [ 3 11-8 9 - 7 ]  

VARIABLES : PREPARED BY : 
T/K : 

p 1 /kPa : 
2 8 8 . 15 - 3 1 8 . 15 
1 01 . 32 5  ( 1  atm) 

P .  L .  Long 
H .  L .  Clever 

EXPERIMENTAL VALUES : 

T/K Mol Fraction 

1 0 \ :x;  1 

2 9 8 . 15 68 . 8 3  

Bunsen 
Coefficient 

a/cm3 ( STP ) cm- 3 atm- 1 
0 . 4 3 5  

Ostwald 
Coefficient 

L/cm3 cm- 3 
0 . 4 7 5  

lllog :x:1 N = R ll log T 

-1 . 8 8 

The Bunsen and Ostwald coefficients were calculated by the compiler . 

721 

The author states that the solubility measurements were made over the 
temperature interval of 6bout 2 8 8 . 1 5 to 3 1 8 . 15 K ,  but only the solubility 
value

.
at 2 98 . 15 K was given in the paper . The slope , N=R (ll log :x:1 /ll log T ) , 

was g�ven . 

Smoothed Data : For use between 2 8 8 . 15 and 3 03 . 15 K 
The smoothed data were calculated by the compiler from 
the slope , N ,  in the form 
log :x: 1 = log ( 6 8 . 8 3 x 1 0-� )  - ( 1 . 8 8/R ) log ( T/ 2 9 8 . 15 )  
with R = 1 . 9 8 7 2  cal K- 1 mol- 1 •  

T/K 

2 8 8 . 15 
2 9 3 . 15 
2 9 8 . 1 5 
3 0 3 . 1 5 
3 0 8 . 1 5 
313 . 15 
3 1 8 . 1 5 

Mol Fraction 
1 0 3 ::: 1 
7 . 1 0 9  
6 . 9 9 4  
6 . 8 8 3  
6 .  7 7 6  
6 .  6 7 1  
6 . 57 1  
6 . 47 3  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The apparatus is the Dymond and 
Hildebrand ( 1 )  apparatus which uses 
an all glass pumping system to spray 
slugs of degassed solvent into the 
gas . The amount of gas dissolved 
is calculated from the initial and 
final pressures . The solvent i s  
degassed by free z ing , pumping , and 
followed by boil ing under reduced 
pressure . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Source not g iven . 

Stated to be manufacturer ' s  
research grade , dried over 
cac1 2 before use . 

( 2 )  1 , 1 , 2 , 2 , 3 , 3 , 4 , 4 , 4 -Nonafluoro-N , 
N-bi s (nonafluorobutyl ) -1-
butanamine . Minnesota Mining & 
Manufacturing Co . Distilled , 
used portion boiling between 
4 4 7 . 8 5 - 4 4 8 . 6 4 K which gave a 
single GLC

_�eak . p 2 9 8 • 1 5 = 
1 . 8 8 0  q em • 

ESTIMATED ERROR: 
a:x:1;:x:1 = ± o . o o 2  

o N/cal K- 1 mol- 1 = ± 0 . 1  

REFERENCES : 

1 .  Dymond , J .  H . ; Hildebrand , J .  H .  
Ind.  Eng .  Chern.  Fundam . 1 9 6 7 , 
6 1  1 3 0  o 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ;  CH4 ; [ 7 4-82-8 ] Lenoir , J-Y . ; Renault , P . ; Renon , H .  

2 .  Nitrobenzene ; C s H5N0 2 ; [ 9 8- 9 5 - 3 ]  J .  Ch ern .  Eng . Data , 1 9 7 1 ,  1 6 ,  3 4 0- 2 . 

VARIABLES :  PREPARED BY : 

C .  L .  Young 

EXPERIMENTAL VALUES :  

T/K Henry ' s  constant 
HCH /atm 

4 

Mole fraction at 1 atm* 
.:rCH 4 

2 9 8 . 2  9 4 0 0 . 00106  

* Calculated by compiler assuming a linear function of PCH vs .:rCH , 
i . e . , .:rCH ( 1  atm) = 1/HCH • 

4 4 
4 4 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium. The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm . pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant s ince surface 
adsorption was not allowed for 
although its poss ible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  L ' Air Liquide sample , minimum 
purity 9 9 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 

Serlabo sample , purity 9 9  mole per 
cent . 

ESTIMATED ERROR: 

oT/K = ±0 . 1 ;  o H/atm = ±6 % 
(estimated by compiler ) . 

REFERENCES : 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

(1 )  Methane : cH4 : [ 7 4-82-8 ] Evans , D .  F . :  Chen , S . -H . : 
Schriver , G .  W. : Arnett , E .  M .  

( 2 )  Ethylamine , nitrate or  ethyl 
ammonium nitrate : c2H7N . HN03 : 
[ 22113-86-6 ]  

J .  Am .  Chern.  So c .  1981,  1 0 3 ,  4 8 1-2 . 

VARIABLES :  PREPARED BY : 
T/K = 2 8 8 . 15 - 313 . 1 5 H .  L .  Clever 

EXPERIMENTAL VALUES : 

H/atm 

2 9 8 . 15 4750  ± 110 4 8 0  ± 10 2 . 11 

a Calculated by compiler. 

The authors state that measurements were made at 15 , 25 , and 40 D e ,  
but only the 2 5  D e  value is given i n  the paper . 

Henry ' s  constant is defined as H/atm = (p 1;atm) /x 1 • 

The authors give the folowing values for the thermodynamic changes for 
transfer of one mole of methane from the gas at 0 . 101325 MPa to the 
infinitely dilute solution : 

�G �/kcal mol- 1 = 5 . 0 2 4  ± 0 . 0 73 , 

�H �/kca l  mol - 1  = - 0 . 057  ± 0 . 0 5 8 ,  and 

�S �/cal K- 1mol- 1  = -17 . 04 ± 0 . 15 .  

The Henry ' s  constant given in the paper is apparently the experimental 
value at 2 9 8 . 1 5 K. Values of Henry ' s  constant calculated by the compiler 
from the thermodynamic information above at 2 8 8 . 15 ,  2 9 8 . 15 ,  and 313 . 1 5 K 
are 4 7 9 4 , 4 8 15 , and 4 8 3 3  atm , respectively .  The Henry constant increases 
0 . 8  percent and the mole fraction solubility at 0 . 101325 MPa decreases 
0 . 8  percent as the temperature changes from 2 8 8 . 15 to 3 1 3 . 15 K .  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 
The solubility measurement was 

carried out in an apparatus describ
ed earlier for vapor pressure meas
urement (ref 1 ) . 

The apparatus consists of  an equi l· 
ibration vessel , a fused quartz 
pres sure gage , and a vacuum system . 

The solvent is degassed by a freeze 
thaw cycle in the equi libration 
ves sel . Known amounts of gas were 
added to the system and the system 
was stirred for at least an hour 
after constant pres sure was achieved . 

The vapor pres sure of the solvent 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane . Source not given . 

( 2 )  

Stated to be > 9 9 . 9  percent . 

Ethyl ammonium nitrate . No 
information . In (ref 2 )  it i s  
stated the substance is prepared 
from ethylamine and nitric acid , 
concentrated and dried on a 
rotary evaporator , and had a 
melting point about 1 4  D e .  

ESTIMATED ERROR: 
oT/K = ± 

op 1 /mmHg = ± 
oH/H = ± 

0 . 001  
0 . 1  
0 . 0 3 

was unmeasurably low in the apparatu����--------------------------------� 
used . REFERENCES: 

1. Arnett , E .  M . : Chawla , B .  
J .  Am. Chern. Soc . 1979,  1 0 1 , 
714 1 .  

--

2 .  Evans , D . F . : Yamauchi , A . : Roman , R. : 
Casassa , E . Z .  J .  Co Z Z .  In terface 
Sci . 1 9 8 2 ,  88, 8 9 .  



724 Organic Substances Containing Si l icon or Phosphorus 

COHPONENTS : EVALUATOR : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2-8 ] H .  Lawrence Clever 
Chemistry Department 
Emory University ( 2 )  Octamethylcyclotetrasiloxane ; 

c8H2 4o4 si4 ; [ 55 6 - 6 7-2 ] Atlanta , GA 3 0 3 2 2  USA 

1 9 8 5 , April 

CRITICAL EVALUATION : 

Chappelow and Prausnitz ( ref 1 )  report Henry ' s  constants for the 
system at 2 5  degree intervals from 3 0 0  to 4 2 5  K .  The Henry ' s  constants were 
converted to mole fraction solubilities at a methane pres sure of 0 . 1 0 1 3 2 5  
MPa assuming a l inear relationship between pressure and mole fraction . The 
solubilities go through a minimum between 3 7 5  and 4 0 0  K .  Ivilcock et a Z .  
(ref 2 )  report solubil ities at three temperatures between 2 9 2 . 15 and 3 1 3 . 15 
K .  Both laboratories used a volumetric method . The smoothed mole fraction 
solubilities from the two papers agree within 0 . 5  percent over the 2 9 2  to 
3 2 5  K range . 

The data from both papers are classed as tentative . The data have been 
treated in two ways . First , the mole fraction solubilities between 2 9 2 . 15 
and 3 5 0  K were fit by a l inear regression to the two constant equation 

ln x 1  = -6 . 0 4 9 6 1  + 4 . 1 2 3 0 3/ ( T/10 0  K)  
with a standard error about the regression line of 5 . 3 7 x 10- 5 • Second , all  
of the data from both papers were treated by a l inear regression to obtain 
a four constant equation that gives a minimum solubility near 3 9 3  K .  

l n  x 1  = 5 2 . 9 6 5 2 2  - 7 7 . 0 2 11/ ( T/10 0  K )  - 5 0 . 6 3 2 2  l n  (T/1 00  K )  + 7 . B 8 6 3 ( T/100  

with a standard error about the regress ion l ine of 5 . 7 3 x 10- 5 • 
The two equations give mole fraction solubil ities over the 2 92 . 15 to 

3 4 8 . 15 K interval that agree within 0 . 2  percent . The thermodynamic changes 
for the transfer of one mole of methane from the gas at a methane pressure 
of 0 . 1 0 1 3 2 5  MPa to the infinitely dilute solution are 

from 
�H � , 

�H � /kJ mol- 1  = - 3 . 4 3  and �S �/J K- 1  mol- 1  = - 5 0 . 3  
the two constant equation . The four constant equation gives values of 
�s � , and � C� 1 which are functions of temperature of 
T/K �H 0 /kJ mol- 1  �8 ° /J K- 1 mol- 1  �C 0  /J K- 1 mol- 1 

l l _pt:....:,.l _____ _ 

2 9 3 . 15 
3 0 8 . 15 
3 2 3 . 15 
3 7 3 . 15 
3 9 8 . 15 
4 2 3 . 15 

-3 . 02  - 4 8 . 9  - 3 6 . 5  
- 3 . 4 2 - 50 . 3  -16 . 9  
-3 . 53 - 5 0 . 6  + 2 . 8  
-1 . 75 - 4 5 . 6  6 8 . 4  
+0 . 37 - 4 0 . 1  101 . 2  

3 . 31 - 3 3 . 0  1 3 3 . 9  

It is unusual to find solubility data that requires more than a three 
constant equation to represent the temperature dependence , but this is such 
a case . Smoothed values of the mole fraction solubility from both equations 
are in Table 1 .  

Table 1 .  The solubility of methane in octamethylcyclotetrasiloxane . 
Tentative values of the mole fraction solubility as a function 
of temperature at a methane partial pres sure of 0 . 10 13 2 5  MPa . 

T/K l 0 3 x1 T/K 10 3 Xl 

2 9 3 . 15 
2 9 8 . 15 
3 03 . 15 
3 0 8 . 15 
313 . 15 
3 1 8 . 15 
3 2 3 . 15 

3 4 8 . 15 

REFERENCES :  

2 const eqn 4 const eqn 4 const eqn 

9 . 6 3 9 . 6 1 3 5 3 . 15 7 . 6 1 
9 . 4 0 9 . 4 0 3 6 3 . 15 7 . 4 3  
9 . 1 9 9 . 2 0 3 7 3 . 15 7 . 2 9 
8 . 9 9 9 . 0 0 3 8 3 . 15 7 . 21 
8 . 8 0 8 . 8 1 3 9 3 . 15 7 . 18 
8 . 6 2 8 . 6 3 4 0 3 . 15 7 . 2 0 
8 . 4 5 8 . 4 5 4 1 3 . 15 7 . 2 7 

4 2 3 . 15 7 . 4 0  
7 .  71  7 .  7 2  

1 .  Chappelow , C .  C . ; Prausnitz , J .  M .  A m .  Ins t .  Chern.  Eng .  J .  1 9 7 4 ,  2 0. 
1 0 9 7  - 1 1 0 4 . 

2 .  Wilcock , R .  J . ; McHale , J .  L . ; Battino , R . ; Wilhelm , E .  FZuid Pha se 
Equi Zib . 1 9 7 8 .  2 ,  2 2 5  - 3 0 .  



Organic Substances Contai n ing Si l icon or Phosphorus 

COMPONENTS : ORIGINAL MEASUREMENTS : 
( 1 )  Methane ; CH4 ; [ 7 4-84-8 ] Wilcock , R .  J . ; McHale ,  J .  L . ; 

Battino , B . ; Wilhelm , E .  
( 2 )  Octamethylcyc lotetrasiloxane ; 

c8H24 o4 si4 ; [ 5 56-67-2]  FZuid Phase  Equi Zib . 1 97 8 ,  2 ,  
225- 2 3 0 .  

VARIABLES : 
T/K :  

p/kPa : 
29 2 . 1 5 - 313 . 04 
101 . 325 (1  atm) 

EXPERIMENTAL VALUES :  
T/K Mol Fraction 

P REPARED BY : 

Bunsen 
Coeffic ient 

H . L .  Clever 

Ostwald 
Coefficient l0 3 x1 a/cm ; ( STP ) cm- 3atm- 1 L/cm 3cm- 3 

2 9 2 . 15 
2 9 8 . 0 1 
313 . 04 

9 . 6 47  
9 . 34 6  
8 . 8 8 0  

0 . 7 0 3 2  
0 . 6 7 6 4  
0 . 6 310 

0 . 7 5 21 
0 . 7 3 8 0  
0 . 7231  

The solubility values were adj usted to a gas partial pressure of  101 . 3 2 5  
kPa b y  Henry ' s  law. 
The Bunsen coefficients were calculated by the compiler . 
Smoothed Data : For use between 2 9 2 . 15 and 313 . 0 4 K .  

l n  x 1 = -5 . 8 57 5  + 3 . 5 4 4 2/ (T/l OOK) 
The standard error about the regression line 5 . 4 6  x 10- 5 • 

T/K Mol Fraction 
10 3 x 1 

2 9 8 . 1 5 9 . 3 8 4  
3 08 . 1 5 9 . 0 29 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATE RIALS ; 
( 1 )  Methane . Matheson Co . ,  Inc . 
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The apparatus is based on the des ign 
of Morrison and Billett ( 1 ) , and the 
version used is described by Battino , 
Evans , and Danforth ( 2 ) . The 
degassing apparatus and procedure are 
described by Battino , Banzhof , Bogan , 
and Wilhelm ( 3 ) . 

Stated to be 99 . 97 mole percent 
minimum purity . 

Degassing . Up to 5 0 0  cm3 of solvent 
is placed in a flask of such size 
that the liquid is about 4 em deep . 
The liquid is rapidly stirred , and 
�acuum is applied intermittently 
through a liquid N2 trap until the 
fermanent gas residual pressure drops 
to 5 microns . 

( 2 )  Octamethylcyclotetrasiloxane . 
General Electric Co . Distilled , 
density at 2 9 8 . 1 5 K was 
0 . 9500  g cm- 3 • 

ESTIMATED ERROR: 
o T/K = 0 . 0 3 

o P/mmHg = 0 . 5  
oxl /xl = 0 . 1  

REFERENCES : 
1 .  Morrison , T .  J . ; Billett , F .  

J .  Chern . Boa .  194 8 ,  2 0 3 3 . 

Solubility Determination . The de
�assed solvent is passed in a thin 
film down a glass spiral tube con
��aining the solute gas plus the 
solvent vapor at a total pre ssure of 
pne atm . The volume of gas absorbed 
is found by dif ference between the 
initial and final volumes in the 
�uret system . The solvent is col
�ected in a tared flask and weighed . 

2 .  Battino , R . ; Evans , F . D . ; Danforth , W . F .  
J . Arn . Oi Z Chern . So a .  1 9 6 8 , 4 5 ,  8 3 0 .  

3 .  Battino , R. ; Banzhof , M. ; 
Bogan , M . ; Wilhelm, E .  
Ana Z .  Chern . 1971 ,  4 3 , 8 0 6 .  



726 Organic Substances Contain ing Si licon or Phosphorus 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ;  [ 74-82-8 ] Chappe low , C . C . ; Prausnitz , J . M .  

2 .  Octamethylcyclotetrasiloxane ; 
C8 H 2 � 0� Si4 ; [ 5 56-67-2 ]  

Am . Ins t .  Chem . Engnrs . J .  19 7 4 , 
2 0 ,  109 7-1104 . 

VARIABLES : P REPARED BY : 
Temperature C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 

300 

325  

350  

375 

400  

425  

Henry ' s  Constanta 
/atm 

10 7 

119 

131  

1 3 8  

1 3 8  

1 3 5  

Mole fractionb o f  
methane a t  1 atm partia 
pressure , xCH �t 

0 . 009 35 

0 . 0 0 840  

0 . 00 7 6 3  

0 . 0 0 725 

0 .  00725  

0 . 0 0 7 4 1  

a .  Authors s tated measurements were made a t  seve ral pressures 
and values of solubility used were all within the Henry ' s  
Law region . 

b .  Calculated by compiler assuming linear relationship between 
mole fraction and pressure . 

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Volumetric apparatus similar to that 
described by Dymond and Hildebrand Solvent degassed , no other details 
( 1 ) . Pressure measured with a null given . 

detector and precision gauge . Details 
in ref • ( 2 ) . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ; oxCH� 
= ±1%  

REFERENCES : 
J .  Dymond , J . ; Hildebrand , J . H .  
Ind. Chem . Eng . Fundam. l 9 6 1 , 6. 1 3 0 .  
2 .  Cukor , P . M . ; Prausnitz ,  J . M .  
Ind. Chem . Eng . Fundam. l 9 1 1 , 1 0. 6 3 8 . 



Organic Substances Contai ning Sil icon or Phosphorus 727 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH� ; [ 7 4-8 2-8 ] Lenoir,  J-Y . ; Reanult , P . ; Renon , H .  

2 .  Esters of  phosphoric acid J. Chern . Eng . Da ta , 197 1 ,  1 6 , 34 0-2 . 

VARIABLES : P REPARED BY : 

Temperature c .  L .  Young 

EXPERIMENTAL VALUES : 

T/K Henry ' s  constant 
HCH /atrn 

� 

Mole fraction at 1 atrn* 
XCH � 

Phosphoric acid , triethyl ester ; C6 H 1 50� P ;  [ 7 8-40-0]  

0 . 00142  325 . 2  705  
Phosphoric acid , tripropyl ester ; C9 H2 1 04P ;  (513-08- 6 ]  

0 . 0 0 3 8 9  
0 . 0 0 3 2 7  
0 . 0 0 3 0 8  

2 9 8 . 2  2 5 7  
32 3 . 2  3 06 
343 . 2  325  

Phosphoric acid , tributyl ester ; C 1 2 H2 7 04 P ;  [ 12 6- 7 3- 8 ]  
0 . 0 0 4 4 6  32 5 . 2  2 2 4  

Phosphoric acid , tris ( 2 -methylpropyl) ester ; C 1 2 H2 7 04P ;  [ 126-71- 6 ]  

325 . 2  190 0 . 00526 

* Calculated by compiler assuming a linear function of PCH4 vs xCH 4 ' 
i . e . , xCH { l atrn) = 1/HCH . 

4 4 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

A conventional gas-liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium. The value of 
Henry ' s  law constant was calculated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm. pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  constant since surface 
adsorption was not allowed for 
although its possible exi stence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 

purity 9 9 . 9  mole per cent.  
( 2 )  Touzart and Matignon or 
Serlabo sample , purity 9 9  mole per 
cent . 

ESTIMATED ERROR: 

oT/K = �0 . 1 ;  oH/atm = �6 %  
(estimated by compiler ) • 

REFERENCES : 



728 Organic Substances Containing Si licon or Phosphorus 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4- 8 2- 8 ]  

2 .  Phosphoric acid tributyl ester 
(Tributyl phosphate) ;  ( C 4 H 9 ) 3 P0 4 ;  
[ 12 6- 7 3- 8 ]  

VARIABLES :  

Temperature , pressure 

ORIGINAL MEASUREMENTS : 

Shakhova , S . F . ; Zubchenko , Yu . P .  

Khim. Prom. 1 9 7 3 ,  4 9 ,  5 9 5-6 .  

PREPARED BY : 

C . L .  Young 

EXPERIMENTAL VALUES : 
T/K P/1 0 5Pa 

Mole fraction 
of methane in 

l iquid , xCH 4 

+ 
a 

vol/vol 

2 9 8 . 1 5  37 . 4 9  
4 7 . 52 
58 . 36 
6 7 . 3 8 
7 4 . 58 
9 0 . 0 2 

1 0 0 . 7 2 
3 2 3 . 1 5 3 8 . 81 

4 8 . 0 3 
7 2 . 14 
9 3 . 2 2 
9 5 . 14 

1 0 3 . 15 
1 0 5 . 4 8  
1 1 0 . 6 4 

3 4 3 . 1 5  4 3 . 37 
5 3 . 5 0 
6 6 . 2 7 
8 2 . 3 8 
9 6 . 16 
9 8 . 29 

1 0 4 . 9 7 

0 . 14 7 5  
0 . 1 7 6 0  
0 . 2 1 9 4  
0 . 2 3 0 5  
0 . 2 4 0 0  
0 . 2 8 5 4  
0 . 3 0 0 5  
0 . 1 372 
0 . 16 0 0  
0 . 2 1 8 6  
0 . 2 6 5 3  
0 . 2 6 7 8  
0 . 2 8 4 8  
0 . 2 9 1 3  
0 . 29 0 1  
0 . 1 3 4 6  
0 . 1 5 9 1  
0 . 1 9 1 5  
0 . 2 326  
0 . 2 5 7 7  
0 . 2 6 0 3  
o . 2 7 1 5  

14 . 9  
1 8 . 4  
2 4  • 2 I 
2 5 . 8  
2 7 . 2  
3 4 . 4  
3 7 . 0  
1 3 . 7  
16 . 4  
2 4 . 1  
31 . 1  
31 . 5  
3 4 . 3  
3 5 . 4  
3 5 . 2  
1 3 . 4  
1 6 . 3  
2 0 . 4  
2 6 . 1  
29 . 9  
3 0 . 3  
3 2 . 1  

+ values quoted in original paper , appear to be the volume 
of gas at T/K = 2 7 3 . 1 5 and P =  1 atmosphere absorbed by 
unit volume of liquid at room temperatur e .  

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Rocking autoclave . Mixture s tirred 1 .  Purity 9 7 . 8  mole per cen t .  
b y  b a l l  in rocking autoclave . S ample 
of liquid analysed by volumetric 2 .  No details given . 
method . Details in source . 

ESTIMATED ERROR: 

oT/K = ± 0 . 1 ;  oP/l0 5 Pa = ± 0 . 1 ;  

oxCH 4 = ± 5% . 

(estimated bv comoilerl 
REFERENCES : 

1 .  Shakhova , S . F .  Zubchenko , Yu . P .  
Kaplan,  L . K .  

Khim. Prom.  1 9 7 3 , 5, 102 . 



Organic Su bstances Containing Sil icon or Phosphorus 729 

COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 : [ 7 4 -8 2 - 8 ]  Leno ir,  J-Y . ;  Renault , P . ; Reno n ,  H .  

2 .  Hexamethylphosphoric triamide ;  
C s H2 4 N s OP ;  [ 6 8 0-31- 9 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

J.  Chern . Eng . Da ta , 1 9 7 1 ,  1 6 , 3 40-2 . 

PREPARED BY : 

c .  L .  Young 

T/K Henry ' s  constant 
HCH /atm 

4 

Mole fraction at 1 atm* 
xCH 4 

2 9 8 . 2  471  0 . 00212  

* Calculated by compiler assuming a linear function of PCH vs xCH , 
i . e . , xCH ( 1  atm) = 1/HCH • 4 4 

4 4 

AUXILIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
A conventional gas- liquid chromato
graphic unit fitted with a thermal 
conductivity detector was used . The 
carrier gas was helium. The value of 
Henry ' s  law constant was calcu lated 
from the retention time . The value 
applies to very low partial pressures 
of gas and there may be a substantial 
difference from that measured at 
1 atm .  pressure . There is also 
considerable uncertainty in the value 
of Henry ' s  cons tant since surface 
adsorption was not allowed for 
although its pos sible existence was 
noted . 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  L ' Air Liquide sample , minimum 
purity 9 9 . 9  mole per cent . 
( 2 )  Touzart and Matignon or 
Serlabo sample , purity 99 mole per 
cent . 

ESTIMATED ERROR: 

oT/K = �0 . 1 ;  oH/atm = �6 % 
(estimated by compiler) • 

REFERENCES : 



730 Miscel laneous Biologica l  Fluids 

COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4 - 8 2- 8 ]  

2 .  Phospholipids 

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K = 2 9 8 . 4  

ORIGINAL MEASUREMENTS : 

Miller , K .  W . ; Hammond , L . ; 
Porte r ,  E .  G .  
Chern.  Phy s .  Lipids 

1 9 7 7 ,  2 0 , 2 2 9-2 4 1 .  

P REPARED BY : 

c .  L .  Young 

t; o c = 25 . 2  

9 6  mole per cent egg phosphatidylcholine 
+ 4 mole per cent egg phosphatidic acid sonicated vesticles 

Bunsen coefficient 0 . 20 

6 8 . 2  mole per cent egg phosphatidylcholine 
+ 2 . 8  mole per cent egg phosphatidic acid sonicated vesticles 
+ 29 mole per cent cholesterol 

Bunsen coefficient 0 . 18 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson Gas Products sample , 

Samples of lipids were prepared as purity 9 9  mole per cent . 

a translucent aqueous suspension 

containing up to 32 mg/ml of phospho- 2 .  Grade 1 samples from Lipid 
lipids . Samples saturated with gas Products , Nutford , England . 
at ambient pressure and then analysed 
by stripping out gas . Gas so 
obtained was analysed by gas 
chromatography us ing helium as a 
carrier gas and a Poropak Q column . 
Details in source . Bunsen 
coefficient calculated from experi
mental data on lipid solution and 
of pure water . 

ESTIMATED ERROR: 
OT/K = ± 0 . 0 5 ;  Op/kPa = ± 0 . 5 % ;  

oa/a = ± 8 %  ( estimated by compiler) .  

REFERENCES : 



Miscel laneous Biological Fluids 

COMPONENTS: ORIGINAL MEASUREMENTS: 

1 .  Methane ; CH � ; [ 7 4- 8 2-8 ]  Ohta , Y . ; Ar , A . ; Farhi , L . E .  

2 .  Rabbit brain and blood and 
saline solution . 

J.  App t .  Physio togy, 1 9 7 9 , 4 6 ,  
1 1 6 9-117 0 .  

VARIABLES : PREPARED BY : 

C . L .  Young 

EXPERIMENTAL VALUES : 

T/K 

3 1 0 . 15 

310 . 15 

310 . 15 

Bunsen coefficient , 
ex 

" Saline" 

0 . 0 2 5 6  ± 0 . 00 0 3  

B lood 

0 . 0 3 3 4  ± 0 . 0 0 0 2  

Brain 

0 . 0 3 6 1  ± 0 . 0 0 0 4  

No . o f  animals 

5 

5 

5 

The partial pressure of methane \'7as not given but was 
considerable less than one atmosphere . 

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Saline , rabbit blood and brain were 
saturated by passing humidified gas 
through three vessels in series . 
Brain was prepared by manually 
squeezing out blood from the brain 
of a freshly killed rabbit. Volume 
of brain determined by saline displ
acement . The tissue was homogenised 
and diluted with an equal volume 
of 5% low foam detergent . B lood 
sample was heparinized . Samples of 
each of the three solutions were 
analysed by GC using helium ca r.rier 
gas , a molecular sieve column and a 
thermal conductivity detector . 

SOURCE AND PURITY OF MATERIALS : 

See under method . 

ESTIMATED ERROR: 

llT/K = ± 0 . 1  

REFERENCES : 
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732 M iscel laneous Biologica l  Fluids 

COMPONENTS : 

1 .  Methane ; CH 4 ; [ 7 4 -82- 8 ]  

ORIGINAL MEASUREMENTS : 

Meyer , M . ; Tebbe , U . ; 
Piiper , J .  

2 .  Dog blood and skeletal muscle PfZilgers . Arah . 

19 8 0 , 3 8 4 , 1 3 1-4 .  

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : 
T/K = 310  P/kPa = 1 0 1 . 3  

Solvent No . of  No . of  Bunsen 
determinations dogs Coefficient 

Water b 
12 0 . 02 6 0  -

Saline c 
12 0 . 0 2 3 2  -

Blood 5 0  10  0 . 02 6 0  

Plasma 3 0  1 0  0 . 0 2 2 7  

Red cells - 10 0 . 0 3 0 0  

Muscle 3 9  1 3  0 . 0 2 7 1  

a Solubility i n  units of �mol dm- 3 kPa- 1 • 

b Data also reported in ref . { 1 ) . 

c Normal sal ine containing 0 . 154 mol/dm3 {water) . 

AUXILIARY INFORMATION 

sa 

11 . 47 ± 0 . 0 9 

1 0 . 2 0 ± 0 . 10 

1 1 . 4 4 ± 0 . 3 0 

9 . 9 9 ± 0 . 21 

13 . 2 1 ± 0 . 47 

11 . 9 5 ± 0 . 4 0 

{ cont . l 

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Method involved equilibration o f  

solvent with humidified gas at 
stated temperature and pressure and 
subsequent estimation of the amount 

of gas dissolved in a 2 . 5  cm 3 

sample . The gas dissolved was 

estimated using an equilibration 
technique for partial extraction 

of gas . Quantitative analysis of 
extracted gas was performed by GC 
using helium as carrier gas . 
Details in ref .  { 1 ) . 

1 .  No details given . 

ESTIMATED ERROR: 

oT/K = ± 0 . 5  {estimated by compiler ) . 

REFERENCES : 

1 .  Meyer , M .  

PfZugers . Arah . 

1 97 8 ,  3 ? 5 , 1 6 1 .  



Miscel laneous Biological Fluids 

COMPONENTS : 

1 .  Methane ; CH � ; [ 7 4- 8 2 - B )  

2 .  Dog blood and skeletal muscle 

EXPERIMENTAL VALUES :  

ORIGINAL MEASUREMENTS : 

�eyer , M . ; Tebbe , U . ; 
Piiper , J .  
PfUi.gers . Ara h .  

1 9 8 0 , 3 8 4 , 131- 4 . 

Heparinized blood samples were from mongrel dogs ( fasting for 16 hrs ) . 

Plasma obtained by centrifugation of whole blood . 

hemolysis was observed . 
No sign of 

Solubility in red cells was calculated from the values for whole 

blood and plasma of the same animal by volume-weighted subtraction . 

Muscle was gastrocnemius muscle excised from dogs , which had been 

anesthetized for about 6-8  hr and killed by bleeding . Blood allowed 
to drain from maj or vessel . Muscle samples homogenized . 

Composition of dog blood (mean values ± SD)  

Hematocrit % 4 5  ± 4 . 5  
Hemoglobin ( g/100  ml blood) 16 . 9  ± 1 . 6  
Plasma protein ( g/100 ml plasma) 6 . 2  ± 0 . 5  
Total lipids (mg/100 ml plasma) 519 ± 118  
Triglycerides (mg/100 ml plasma ) l O B  ± 8 2  
Cholesterol (mg/100 ml plasma) 2 0 2  ± 6 8  
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734 Miscel laneous Biological Fluids 

COMPONENTS : ORIGINAL MEASUREMENTS : 

( 1 )  Methane ; CH4 ; [ 7 4 - 8 2 - 8 ] 

( 2 )  Olive oil 

Campos-Carles , A . ; Kawashiro , T . ; 
Piiper , J .  

Pftugers Arc h .  1 9 7 5 ,  3 5 9 ,  209-18 . 

VARIABLES : 
T/K = 3 1 0 . 1 5 

P REPARED BY : 

H .  L .  Clever 

EXPERIMENTAL VALUES : 

Temperature Solubility 
Coefficient 

/�mol dm- 3mmHg- 1  

Mol Fraction 

37 3 10 . 15 1 6 . 0  ± 0 . 1  11 . 8  

The compiler calculated the mole fraction solubility 
at 1 0 1 . 3 2 5  kPa partial pressure methane ( 7 6 0  mmHg ) . 

An olive oil molecular weight of 8 8 4  and a density 
of 0 . 8 9 7 9  were used . See Battino , R . ; Evans , F .  D . ; 
Danforth , W .  F .  J .  Am.  Oit  Chern . Soc .  1 9 6 8 ,  4 5 ,  
8 3 0 .  

--

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE :  

Used a tonometer and extraction 
apparatus as described by Farhi 
( re f  1 , 2 ) , and gas chromatography . 

The solubility value is the mean of 
8 determinations ± standard error . 

SOURCE AND PURITY OF MATERIALS : 

( 1 )  Methane . Source not given . 
Sample stated to be 9 9 . 9 
or better purity . 

( 2 )  Olive oil . 

ESTIMATED ERROR: 

REFERENCES : 
1 .  Farhi , L .  E .  

J .  App t .  Physio t .  1 9 6 5, 2 0, 1 0 9 8 . 

2 .  Farhi , L .  E . ; Edwards ,  A .  w .  T . ;  
Homma , T .  

J .  App t .  Physio t .  1 9 6 3 ,  1 8, 9 1 .  



Miscel laneous Biological Fluids 

COMPONENTS : 

( 1 )  Methane ; CH4 ; [ 74 - 8 2-8 ]  

( 2 )  Rat abdominal muscle 

VARIABLES : 
T/K = 310 . 15 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Campos Carles , A . ; Kawashiro , T . ; 
Piiper , J .  

PfZugera Ara h .  1975,  3 5 9 ,  2 0 9-18 . 

PREPARED BY : 
H .  L .  Clever 

Temperature Solubility 
Coefficient 

/].Jmol dm- 3mmHg- 1  

Bunsen Coefficient 

37 310 . 15 2 . 2 5 ± 0 . 11 
2 . 4 2 ( corrected) 

0 . 0412  

Solubi lity coefficient the mean of  10  measurements ± standard 
error. 

In another paper (ref 1) the authors report diffusion 
coefficients of CH4 in rat skeletal muscle at 37 ° C .  
Krogh ' s  diffus ion constant 
10 9 K/mmol min- 1 cm- 1  mmHg- 1  = 1 . 27 ± 0 . 0 3 
Diffusion coefficient 
10 6 D/cm2 s- 1 = 8 . 7 2  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 
The methane , saturated with water 

vapor , was led through an equil ibra
tion chamber for 2 h at a rate of 8 
ml m- 1 • The muscle sample rested on 
a screen in the chamber sothat it was 
exposed to the gas on all s ides . 

After equilibration the muscle 
sample was transferred to an extrac
tion chamber filled with room air for 
the same length of time as the gas 

SOURCE AND PURITY OF MATERIALS : 
( 1 )  Methane.  Source not given . 

Stated to be better than 9 9 . 9  
per cent pure . 

( 2 )  Rat abdominal muscle . A flat 
muscle sheet of about 1 . 6  g � 1 . 4  mm thickness , and 10 em 
area was excised from rats 
weighing 250  to 4 3 0  g .  

735 

equilibration . The gas in the chamber ��-----------------------------------i was forced into a gas chromatograph ESTIMATED ERROR: 
by mercury entering the chamber . 

Correction factors were applied for 
unextracted gas and gas lost during 
transfer between chambers . REFERENCES : 

1 .  Kawshiro , T . ; Campos Carles , A .  
Perry , s .  F . ; Piiper , J .  

PfZugera Arah . 1975, 3 5 9 ,  219 . 



736 Inorganic Compounds 

COMPONENTS : 

1 .  Hethane ; CH � ; [ 7 4- 82- 8 ]  

2 .  Ammonia ; NH 3 ; [ 7 6 6 4 -4 1-7 ]  

VARIABLES : 

Temperature , pres sure 

EXPERIMENTAL VALUES : 

T/K P/10 5Pa 

2 7 3 . 15 5 0 . 8  
101 . 8  
1 5 0 . 9  
1 9 9 . 9  

2 9 8 . 15 5 0 . 8  
101 . 8  
1 5 0 . 9  
1 9 9 . 9  

3 2 3 . 15 5 0 . 8 
1 01 . 8  
1 5 0 . 9  
1 9 9 . 9  

ORIGINAL MEASUREMENTS : 

Kaminishi , G .  

Kogyo Kogaku Zaashi.  1 9 6 5 , 6 8 .  
4 1 9-23 . 

PREPARED BY : 

C . L .  Young 

Hole fraction of methane 
in liquid , xCH � 

0 . 0 1 2 8  
0 . 0 2 3 8  
0 . 0 3 1 5  
0 . 0 3 6 6  
0 . 0 1 5 2  
0 . 0322  
0 . 04 6 8  
0 . 0 5 8 3  
0 . 0 1 4 5  
0 . 0 3 8 6  
0 . 0 6 4 4  
0 . 0 9 0 1  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell with agitator 
Pressure measured with Bourdon gauge . 
Liquid ammonia placed in cell and 
then methane pressurized into cel l .  
After equilibrium establ ished 
liquid sample removed and analysed 
by volumetric and gravimetric 
techniques . Details in source . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Takachiho Co . sample , purity 
9 9 . 9  mole per cent . 

2 .  Distilled four times , no other 
details given . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/1 0 5P a  = ± 0 . 1 ; 
oxCH � = ± 1 % . 

( e stimated by compiler ) .  
REFERENCES :  



COMPONENTS : 

1 . Methane ; CH4 ; 

2 .  Carbon dioxide ; 

EVALUATION : 

Inorganic Compounds 

[ 7 4-82-B]  

C02 ; [ 1 24-38-9]  

EVALUATOR: 

Colin L. Young , 
School of Chemi stry , 
University of Melbourne , 
Parkville , Victoria 3 0 52 , 
Australia.  
March 1982 
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This system has been investigated by a number of workers but there is 
still a need for a definitive study . Kidnay and coworkers ( 1 ) , ( 2 )  have 
investigated this system in the temperature range 2 3 0  K to 2 7 0  K and these 
data are classified as tentative . The data of Davalos et a Z .  ( 1 )  at 270  K 
have a small error in the measurements above 5 0  atmospheres for the vapor 
Phase composition and therefore the more recent measurements ( 2 )  are pre
ferred in this range of pressure . 

Kobayashi and coworkers ( 3 )  investigated the dew points in thi s 
system but since no liquid phase compositions were measured , this work is 
not considered further here . Neumann and Walch (4 )  and Sterner ( 5 )  
presented their data in graphical form and they are not considered further 
here . 

There appears to be fairly good agreement between the limited data 
of Kaminishi and coworkers ( 6 ) , ( 7 )  and those of Kidnay and coworkers ( 1 ) , 
( 2 )  although the former workers ' data scatter more . A very detailed 
comparison is not pos sible because the isotherm temperatures are di fferent.  
The data of Donnelly and Katz ( 8 )  cover a wider temperature range than 
those of Kidnay and coworkers and their data show more scatter . However 
there is fair agreement between the two sets of data although as above a 
very detailed comparison is not poss ible because the temperature isotherms 
are different.  

The data of Donnelly and Katz ( 8 )  and Kaminishi and coworkers ( 6 ) , 
( 7 )  are classified as tentative . 
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738 I norganic Compounds 

COMPONENTS: 

1 .  Methane 1 CH 4 1  [ 7 4 - 8 2- 8 ]  

2 .  Carbon dioxide 1 C0 2 1  [ 1 2 4 - 3 8 - 9 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K P/MPa 

2 7 1 . 5  5 . 05 
5 . 5 9 
6 . 0 0  
6 . 30  
6 . 81 
6 . 84 
7 . 25 
7 . 6 4  

2 5 9 . 8  3 . 19 
3 . 4 7 
3 . 6 9 
4 . 0 3 
5 . 05 
6 . 03 
6 . 16 
6 . 81 
6 . 85 
7 . 0 8 

2 41 . 5  2 . 3 9 
3 . 10 
4 . 07 
4 . 7 0  
5 . 2 6 
5 . 5 9  

Mole fraction 
of methane 

in l iquid , in gas , 
a:CH 4 Y cH4 

0 . 0 6 8 5  0 . 2 5 3  
0 . 0 8 6 5  0 . 3 0 
0 . 10 3  0 . 32 9  
0 . 1 2 2 5  -
0 . 16 0 . 36 7  
0 . 157 0 . 3 6 9  
0 . 16 5  0 . 3 8 7  
0 . 191 0 . 3 9 
0 . 0315  0 . 18 85 
0 . 0 3 6  0 . 2 3 5  
0 . 05 1  0 . 2 6 6  
0 . 0 5 3  0 . 30 6  
0 . 10 9 5  0 . 42 5  
0 . 16 6 5  0 . 4 8 4  

- 0 . 5 2 
0 . 2 2 4  0 . 505  
0 . 22 3  0 . 5 09  
0 . 2 3 0  0 . 4 95 
0 . 0 4 1 3  0 . 4 0 4  
0 . 0 8 9 5  0 . 5 2 1  
0 . 134  0 . 6 05 
0 . 16 6  0 . 6 2 9  
0 . 19 1  0 . 6 5 2  

- 0 . 6 5 8  

ORIGINAL MEASUREMENTS: 

Donnelly , H .  G . 1 Kat z ,  D .  L .  

Ind .  Eng . Chern . 19 54 , 4 6 ,  511-7 . 

PREPARED BY : 

T/K P/MPa 

2 4 1 . 5  6 . 2 7 
6 . 6 7  
6 . 84 
7 . 5 7 
7 . 78 
7 . 9 0 

2 2 3 . 7  1 . 4 8  
3 . 4 3  
4 . 01 
4 . 04 
5 . 39 
5 . 8 6  
6 . 0 1  
6 . 2 0 
6 . 37 
6 , 54 

2 19 . 3  1 . 11  
2 . 25 
3 . 56 
4 . 54 
5 . 33 
5 . 6 0 
6 . 4 3  

c .  L .  Young 

Mole fraction 
of methane 

in liquid , in gas , 
a:CH4 YcH 4 

0 . 2 8 6  0 . 6 76 
0 . 2 7 3  0 . 6 7 9  
0 . 3 2 2  0 . 6 8 6  
0 . 42 6  0 . 6 80 

- 0 . 6 76  
0 . 5 0 1  0 . 6 7 2  
0 . 0 4 3 5  0 . 5 0 9  
0 . 1 4 6 5  0 . 751  
0 . 172 o .  777 
0 . 20 4 3  o .  772  
0 . 312  0 . 796  
0 . 40 8  .... 

0 . 42 0  0 . 7 9 7  
0 . 4 6 8  0 . 8 0 5  
0 . 4 8 3  0 . 7 8 3  
0 . 521  0 . 7 9 0  

- 0 . 4 7 7  
- o. 717 
- 0 . 7 8 9  

0 . 2 6 1  0 . 81 3  
0 .  34 7 0 . 81 8  

- 0 . 8 2 2  
0 . 6 6 3  0 . 8 3 3  

( cont . )  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 

Recirculating vapor flow apparatus . 1 .  Phillips Petroleum sample . 

Composition of co-existing phases 
determined by analysis . S amples 2 .  No detail s  given . 

expanded to atmospheric pressure 
and carbon dioxide dissolved in 
sodium hydroxide solution . Details 

in source and ref . ( 1 ) . 

eSTIMATED ERROR: 
o T/K = ± 0 . 1 1  oP/MPa = ± 0 . 015 1 

oa:CH4 = ± 0 . 01 (estimated by 
compiler) . 

REFERENCeS : 

1 .  Aroyan , H .  J . 1 Katz , D .  L .  
Ind .  Eng .  Che rn .  1951 , 4 8 , 1 8 5 . 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH � ; [ 74-82-8 ]  Donnelly , H .  G . ;  Katz , D .  L .  

2 .  Carbon dioxide ; C02 ; [124 -38-9 ] Ind .  Eng .  Chern . 19 54 , 4 6 ,  511-7 . 

EXPERIMENTAL VALUES : 

Mole fraction Mole fraction 
of methane of methane 

T/K P/MPa in liquid,  in  gas , T/K P/MPa in liquid , in gas , 
xCH � YcH � xCH � YcH� 

209 . 3  4 . 7 8 - o .  877  2 0 9 . 3  5 . 3 5 0 . 6 4 8  0 . 88 2  
4 . 9 6 - 0 . 881  5 . 55 0 . 792  0 . 9 0 0  
5 . 12 0 . 5 35 0 . 879  199 . 8  4 . 4 9 o .  771 0 . 9 2 6  
5 . 21 0 . 6 07 0 . 879  4 . 9 8 0 . 916 0 . 946  



740 Inorganic Compounds 

COMPONENTS : 

1 .  Methane ; CH4 ;  [ 74 - 8 2 - 8 ]  

2 .  Carbon dioxide ; C02 ;  
[ 1 2 4- 3 8-9 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

2 3 3 . 15 

2 5 3 . 1 5 

2 7 3 . 15 

2 8 3 . 15 

P/MPa 

3 . 70 
5 . 2 7 
6 . 2 0  
6 . 81 
7 . 1 9 
3 . 7 0 
5 . 2 0 
6 . 2 0  
7 . 19 
7 . 8 0 
8 . 11 
5 . 2 7 
6 . 2 0 
7 . 7 0 
8 . 19 
6 . 2 0 
7 . 1 9 
8 . 19 

ORIGINAL MEASUREMENTS : 

Kaminishi , G . ;  Arai , Y . ;  Saito , 
S . ;  Maeda , A .  
J . Chern . Eng . Japan 1 9 6 8 ,  1 ,  1 0 9 -

1 1 6 . 

PREPARED BY : 

C .  L .  Young 

Mole fraction of methane 
in liquid , in gas , 

XCH4 YcH4 

- 0 . 6 5 7  
0 . 2 5 1  0 .  7 1 7  
0 . 36 0  o .  7 2 7  
0 . 45 0  -
0 . 51 9  0 . 70 3  

- 0 . 39 6  
0 . 1 5 0  0 . 51 5  
0 . 2 1 3  0 . 5 56  
0 . 2 9 4  0 . 5 6 6  
0 . 3 57 0 . 56 3  
0 . 4 0 0  0 . 5 4 0  
0 . 0 7 0  0 . 2 5 4  

- 0 . 322  
0 . 2 0 4  0 . 3 7 0  
0 . 2 4 6  0 . 36 7  
0 . 06 9  0 . 1 8 8  
0 . 115 0 . 24 0  
0 . 1 7 7  0 . 2 5 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static cell fitted with magnetic 

sturrer . Temperature measured 

with liquid in glass thermometer 
and pressure measured with Bourdon 

gauge . After equil ibrium 

established vapor and liquid 

samples analysed by a volumetric 
technique . Carbon dioxide was 
absorbed in potassium hydroxide 
soln . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Takachiho Chemical Industry Co . 
-

purity better than 9 9 . 9  mole 

per cent . 

2 .  No details given . 

ESTIMATED ERROR: 

o T/K = ± 0 . 1 ;  oP/MPa = ± 0 . 01 ;  

oxcH4 ' oycH� = ± 1 % . 

REFERENCES : 
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COMPONENTS : 

1 .  Methane , CH � 1 [ 7 4-82 - 8 ]  

2 .  Carbon dioxide , CD2 1 
[1 24-38-9 ] 

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

253 . 1 5 

2 7 3 . 1 5 

* 

PjMPa 

2 . 63  
3 . 14 
4 . 3 8 
5 . 3 3  
6 . 2 3  
6 . 87  
7 . 42 
7 . 5 9 
8 . 29  
4 . 2 0  
5 . 05 
5 .  71 
6 . 51 
6 . 63  
6 . 98 
7 . 4 3 
8 . 13 
8 . 28  
8 . 38 
8 . 52 

retrograde condensation point.  

ORI GINAL MEASUREMENTS : 

Arai , Y . , Kaminishi , G . , 
Saito , s .  

J . Chem .  Eng .  Japan 1971 , 4 ,  

1 13-12 2 . 

PREPARED BY : 

C .  L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH � YcH� 

- 0 . 2 04 
- 0 . 3 0 2  
- 0 . 4 4 4  
- 0 . 4 9 9  

0 . 2 04 -
- 0 . 5 51 

0 . 302 -
- 0 . 551*  

0 . 4 4 4  0 . 4 9 9 *  
- 0 . 1 29  
- 0 . 2 2 0  
- 0 . 276  
- 0 . 321 

0 . 1 29  -
- 0 . 3 40  
- 0 . 3 4 9  

0 . 220 -
- 0 . 3 4 9 * 
- 0 . 3 4 0 * 

0 . 27 6  0 . 3 21 * 
(cont . )  

AUXI LI ARY INFORMAT ION 

METHOD /APPARATUS /PROCEDURE : 

Bubble point-dew point apparatus 
consisting of glass capil lary cell 
fitted with magnetic stirrer . 
Pressure measured with a dead 
weight gauge . Temperature 
measured with a mercury in glass 
thermometer . Mixtures of known 
composition charged into cell . 
Bubble point determined from plots 
of volume against pres sure . De�., 
point determined visually . Details 
in source . 

SOURCE AND PURI TY OF MATERIALS : 

1 .  Tanachiko Chemical Industry Co . 
sample , purity 99 . 6 4 mole per 
cen t .  

2 .  Showa Tansan Industry Co . sample , 
purity 9 9 . 9  mole per cent . 

EST IMATED ERROR: 
o T/K = ± 0 . 01 1  
oxcH� ' 15YcH� = 

REFERENCES : 

oP/MPa = ± 0 . 0 1 1  
± 2 %  ( es timated by 

compiler) • 
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane 1 CH � 1 [ 7 4- 82- 8 ]  Arai , Y . J Karninishi , G . J 
Saito , s .  

2 .  Carbon dioxide 1 CO: u J , Chern . Eng . Japan 1 9 7 1 , 4 ,  

[ 1 2 4-3 8-9 ]  1 1 3-122 . 

EXPERIMENTAL VALUES :  

Mole fraction of methane 
T/K P/MPa in liquid , in vapor , 

.:x;CH 4 YcH � 

2 8 8 . 15 5 . 45 - 0 . 04 3  
5 . 95 - 0 . 09 1  
6 . 2 5  0 . 04 3  -
6 . 2 6  - 0 . 11 6  
6 .  7 1  - 0 . 14 6  
7 . 06 - 0 . 1 6 7  
7 . 30 0 . 09 1  -
7 . 40 - 0 . 182  
7 . 7 5 0 . 116 -
8 . 11 0 . 14 6  -
8 . 12 - 0 . 1 82 * 
8 . 15 0 . 16 7* *  -

* 
retrograde condensation point . 

* *  
critical opalescence was c learly observed . 



Inorganic Compou nds 

COMPONENTS : 
1 .  Methane ; CH 4 ;  [ 7 4-82-8 ]  

2 .  Carbon dioxide ; C02 ; [ 1 24-38-9 ]  

ORIGINAL MEASUREMENTS : 
Davalos , J . ;  Anderson , t•: . R . ; 
Phelps , R . E . ; Kidnay , A . J .  

743 

J .  Chern. Engng . Data . 19 76 , 2 1 , 8 1-4 

VARIABLES : P REPARED BY : 

Temperature ,  pressure C . L .  Young 

EXPERIMENTAL VALUES : 
Mole fraction of methane 

T/K in liquid , xc84 in vapor , yCH4 

2 3 0 . 00 15 . 20 0 . 02 7  0 . 3 9 9  
2 0 . 26 0 . 05 0  0 . 5 2 5  
32 . 4 2 0 . 115 0 . 6 8 3  
4 0 . 53 0 . 17 0  o .  7 2 8  
4 8 . 64 0 . 235  0 . 7 5 1 
55 . 73 0 . 318  0 . 7 6 4  
61 . 91 0 . 397 0 . 7 5 2  
62 . 82 0 . 39 4  0 . 7 6 2  
65 . 86 o .  4 7 2  0 . 7 57 
6 8 . 9 0 0 . 534 0 . 7 5 1 
6 9 . 3 5 0 . 526 0 . 7 3 2  
7 0 . 00 0 . 54 3  0 . 7 3 0  
70 . 73 0 . 561  o .  7 2 5  
7 1 . 4 9  0 . 584  o .  7 1 6  

2 5 0 . 00  20 . 26 0 . 010  0 . 1 04  
23 . 63 0 . 02 3  0 . 2 2 3  
25 . 01 - 0 . 2 5 4  
30 . 4 0 0 . 053 0 . 3 6 1  
40 . 53 0 . 10 5  0 . 4 9 1  
50 . 66 0 . 16 6  0 . 5 7 5  
60 . 79 0 . 237  0 . 6 0 5  
70 . 93 0 . 3 26 0 . 6 1 5  
7 8 . 02 0 . 400  0 . 6 0 5  
79 . 54 0 . 4 0 5  0 . 5 6 4  
80 . 94 0 . 4 46  0 . 5 5 8  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus . 
Temperature measured with platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Gas 
and liquid samples analysed by gas 
chromatography using a thermal 
conductivity detector . Details in 
source and re f.  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson ultra high purity 
sample , maximum impurity 0 . 03 
mole per cent . 

2 .  Purity better than 99 . 9  mole 
per cent.  

ESTIMATED ERROR: 
oT/K = ± 0 . 0 1 ;  oP/10 5Pa  = ± 0 . 0 3 
up to 3 . 5  MPa ,  ± 0 . 0 5 above 3 . 5  
:HPa; oxCH 4 ' oyCH 4 = ±1 . 5% 

REFERENCES :  
1 .  Hiller , R .C . ; Kidnay , A . J . ; 

Hiza , H . J .  

J.  Chern . Therrnodyn .  1 97 2 ,  4 ,  807 



744 Inorganic Compounds 

COMPONENTS : ORIGINAL MEASUREMENTS :  

1 .  Methane ; CH ,. ; [ 7 4 - 82- 8 ]  Davalos ,  J . ; Anderson ,  W . R . ; 
Phelps , R . E . ; Kidnay , A . J .  

2 .  Carbon dioxide ; C02 ; [ 124 -3 8-9 ]  
J .  Chern. Engng . Da ta .  1 97 6 ,  2 1 ,  
81- 8 4 .  

EXPERIMENTAL VALUES :  
Mole fraction of methane 

T/K P/1 0 5Pa in l iquid , xcH ,. 
in vapor , yCH,. 

2 7 0 . 0 0 3 5 . 55 0 .  01 4 0 . 0 8 3  
37 . 01 0 . 01 8  0 . 10 8  
4 0 . 2 8 0 . 03 2  0 . 16 2 ! 
4 2 . 1 4  0 . 04 0  0 . 19 0  
5 0 . 6 3  0 . 07 7  0 . 2 82  
58 . 58 0 . 113  0 . 35 3  
7 0 . 21 0 . 16 6  0 . 4 0 5  
8 0 . 6 3 0 . 2 6 0  0 . 4 11 
85 . 19 0 . 31 9  0 . 37 5  
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COMPONENTS : 

1 .  Methane 1 CH 4 1  [ 7 4- 8 2 - 8 ]  

2 .  Carbon dioxide 1 C02 1 [ 1 24 - 3 8 - 9 ]  

VARIABLES :  

EXPERIMENTAL VALUES : 

T/K 

2 1 9 . 2 6 

P/psi 

84 . 4  
3 9 6 . 0  
4 9 5 . 1  
6 0 1 . 7  
6 9 8 . 0  
7 5 7 . 0  
8 0 7 . 9  
8 5 2 . 2  
8 8 0 . 7  
9 0 9 . 2  
9 2 5 . 1  
9 3 2 . 8  
9 3 5 . 9  

8 4 . 4  
12 5 . 6  
1 4 7 . 9  
186 . 1  
2 2 5 . 2  
2 9 7 . 9  
3 9 9 . 8  
5 15 . 7  
6 1 5 . 7  
7 1 7 . 8  

P/MPa 

0 . 58 2  
2 . 7 3 0  
3 .  4 14 
4 . 14 9  
4 . 8 1 3  
5 . 21 9  
5 . 5 7 0  
5 . 8 7 6  
6 .  0 7 2  
6 . 26 9  
6 . 3 7 8  
6 . 4 3 1  
6 . 4 5 3  
0 . 5 8 2  
0 . 8 6 6  
1 .  0 2 0  
1 .  2 8 3  
1 .  5 5 3  
2 . 0 5 4  
2 . 7 5 7  
3 . 55 6  
4 . 24 5  
4 . 9 4 9  

ORIGINAL MEASUREMENTS : 

Mraw , S .  C . 1 Hwang , S . -C . 1 
Kobayashi , R .  
J.  Chern. Engng . Data 

1 9 7 8 , 23 , 1 3 5 - 13 9 . 

PREPARED BY : 
c . L .  Young 

Mole fraction a 

in liquid , in vapor , 
xCH 4 YcH4 

0 . 0 0 0 0  -
0 . 1 0 3 5  -
0 . 1 5 0 7  -
0 . 2 1 8 9  -
0 . 3 0 2 8  -
0 . 3 7 3 5  -
0 . 4 4 8 8  -
0 . 5 2 6 5  -
0 . 5 8 2 5  -
0 . 6 3 9 4  -
0 . 6 7 5 8  -
0 . 6 9 3 9  -
0 . 6 0 3 1  

- 0 . 0 0 0 0  
- 0 .  3 1 1 1  
- 0 . 4 0 4 9  
- 0 . 5 1 4 1  
- 0 . 5 8 6 9  
- 0 . 6 7 2 0  
- 0 . 7 3 8 0  
- 0 . 7 7 7 8  
- 0 . 7 9 7 9  
- 0 . 8 0 8 9  

( cont . )  

AUXILI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Recirculating vapor flow apparatus . 
Temperature measured with platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . Gas 
added to cell at low temperature 
and vapor recirculated unti l  equi-
librium established. Samples 
analysed us ing gas chromatography . 
Details in source and re f .  ( 1 ) . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Matheson sample , purity at least 
9 9 . 9 9 mole per cent . 

2 .  Coleman Instrument grade , purity 
at least 9 9 . 9 9 . mole per cent . 

ESTIMATED ERROR: 

oT/K = ± 0 . 0 1 1  oP/MPa = ±0 . 0 2 1  
oxCH 4 ' o yCH 4 = ± 2 % . 

REFERENCES :  

1 .  Chu , T .  C . 1  Chen , R .  J .  J . 1 
Chappelear , P .  S . 1  Kobayashi , R .  
J .  Chern.  Engng . Data 

1 9 7 6 , 2 1 , 4 1 .  
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COMPONENTS : ORIGINAL MEASUREMENTS : 

1 .  Methane ; CH4 ; [ 7 4-8 2-8 ]  Mraw , s .  c . ; Hwang ,  s . -c . ; 
Kobayashi , R .  

2 .  Carbon dioxide ; C0 2 ;  [ 124 -3 8 -9 ]  J .  Chern . Engng . Data 
1 9 7 8 , 2 3, 1 3 5-1 3 9 . 

EXPERIMENTAL VALUES : 
Mole fraction a 

T/K P/psi P/MPa in liquid , in vapor , 
xCH 4 YcH4 

219 . 26 8 0 5 . 8  5 . 556 - 0 .  8 1 1 6  
8 7 0 . 9  6 . 0 0 5  - 0 . 8 0 7 5  
9 19 . 9  6 . 34 2  - 0 . 7 9 5 4  
9 4 0 . 8  6 . 4 8 7  - 0 . 74 8 3  

210 . 15 6 2 5 . 0  4 . 3 0 9  0 . 3 1 7 5  -
6 7 5 . 0  4 . 6 54  0 . 4 056  -
7 25 . 0  4 . 9 9 9  0 . 5 2 0 5  -
7 7 6 . 4  5 . 3 5 3  0 . 6 5 2 2  -
8 0 9 . 7  5 . 58 3  0 .  7 2 3 9  -
8 3 9 . 4  5 . 7 8 7  0 . 78 4 8  -

7 9 9 . 0  5 . 50 9  - 0 . 8 5 8 8  
2 0 3 . 15 7 10 . 1  4 . 8 9 6  0 . 74 9 1  -

7 2 0 . 0  4 . 9 6 4  0 . 7 6 8 3  -
7 3 0 . 0  5 . 0 3 3  0 . 7 8 7 9  -

7 4 0 . 0  5 . 10 2  0 . 8 0 5 1  -
7 50 . 0  5 . 17 1  0 . 8 2 2 9  -

7 6 0 . 3  5 . 2 4 2  0 . 8 4 0 7  -
7 7 0 . 3  5 .  311  0 . 8 5 9 3  -

7 50 . 0  5 . 17 1  - 0 . 8 9 7 5  
7 7 0 . 2  5 . 310  - 0 . 8 0 3 6  
7 7 5 . 2  5 . 34 5  - 0 . 8 7 8 4  

1 9 3 . 15 6 2 5 . 0  4 . 30 9  0 . 8 9 17 -
6 4 0 . 0  4 . 4 13 0 . 9 1 3 6  -
6 5 5 . 0  4 . 5 16 0 . 9 3 2 8  -

6 7 0 . 0  4 . 6 1 9  0 . 9 5 0 9  -
6 8 0 . 0  4 . 6 88  0 . 96 2 2  -
6 8 5 . 0  4 . 72 3  0 . 96 7 4  -

6 2 5 . 0  4 . 30 9  - 0 . 9 4 9 0  
6 3 9 . 9  4 . 4 12 - 0 . 9 5 4 3  
6 50 . 0  4 . 4 8 2 - 0 . 9 58 2  
6 70 . 0  4 . 6 19 - 0 . 96 6 9  

1 8 3 . 15 4 9 4 . 2  3 . 4 0 7  0 . 9 4 5 3  -

5 0 0 . 0  3 . 4 4 7  0 . 9 5 4 9  -
504 . 9  3 . 4 8 1 0 . 96 3 0  -
5 1 3 . 0  3 . 53 7  0 . 9 7 6 2  -
520 . 0  3 . 58 5  0 . 9 8 7 0  -
5 2 4 . 9  3 . 6 1 9  0 . 9 9 4 2  -
5 2 8  3 . 6 4 1 .  0 0 0 0  -

173 . 15 3 6 2 . 3  2 . 4 9 8  0 . 9 6 3 0  -
3 6 6 . 4  2 . 5 2 6  0 . 9 7 3 0  -
3 7 0 . 4  2 . 554 0 . 9 8 2 8  -

3 74 . 0  2 . 57 9  0 . 9 9 17  -
3 7 7 . 8  2 . 6 0 5  1 .  0 0 0 0  -

1 5 3 . 15 1 7 2 . 4  1 . 1 8 9  0 . 9 9 4 1  -

1 7 3 . 3  1 . 1 9 5  0 . 9 9 8 9 5  -
172 . 4  1 . 18 9  - 0 . 9 9 9 0 1  
1 7 3 . 3  1 . 1 9 5  - 0 . 9 9 9 8 4  

a Mole fraction o f  carbon dioxide given in source . 
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COMPONENTS : ORIGINAL MEAS UREMENTS : 
1 .  Methane ; CH� ; [ 7 4 -82- 8 ]  Somait , F .A . ; Kidnay , A . J .  

2 .  Carbon dioxide , C02 ; [ 124-38-9 ]  J.  Chem. Engng . Data . 19 7 8 , 23, 3 01-5 . 

VARIABLES :  

Temperature 

EXPERIMENTAL VALUES : 

T/K P/bar 

2 7 0 . 0 0 31 . 99 
3 8 . 35 
4 3 . 9 2  
4 8 . 79 
52 . 69 
6 0 . 8 0 
6 6 . 27 
74 . 96 
77 . 01 
8 0 . 86 
82 . 4 8 
82 . 8 3 
84 . 32 

PREPARED BY : 
C . L .  Young 

Mo le fraction of methane 
in liquid , xCH� in gas , yCH� 

o . o o o o  0 . 00 0 0  
0 . 02 3 7  0 . 1269  
0 . 04 5 5  0 . 20 8 2  
0 . 06 6 6  0 . 2629  
0 . 08 3 8  0 . 2 9 6 2  
0 . 1226  0 . 3519 
0 . 15 3 3  0 . 37 7 4  

- 0 . 39 8 3  
0 . 2224  0 . 4 0 0 6  

- 0 . 3969  
0 . 27 4 0  0 . 3 8 9 5  

- 0 . 3 8 7 5  
0 . 30 6 0  0 . 3726  

AUXILIARY INFORMATION 

METHOD :/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS : 
Recirculating vapor flow apparatus 
with diaphragm pump . Temperature 
measured with platinum resistance 
thermometer and pressure with Bourdon No details given 
gauges . Cell stirred with two 
propel ler stirrer . Vapor and liquid 
samples analysed by gas chromotography 
us ing a thermal conductivity detector . 
Detai ls in source . 

ESTIMATED ERROR: 
oT/K = ± 0 . 0 2 ; 6P/bar = ± 0 . 015 up to 
1 0 0  bar ; ± 0 . 1  above 1 0 0  bar ; oxCH� ' 
oyCH� ' = ± 0 . 0 02 . 

REFERENCES :  



748 I norganic Compounds 

COHPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4- 82-8 ]  

2 .  Carbon dioxide ; C02 ;  [ 12 4 - 3 8- 9 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

Mole fraction 

ORIGINAL MEASUREMENTS : 
Al-Sahhaf , T .  A . ; Kidnay , A .  J . ; 

Sloan , E .  D .  
Ind. Eng . Chern . Fundarn . 

19 8 3 ,  2 2 , 3 7 2-3 8 0 . 

C .  L .  Young 

T/K P/MPa of methane T/K P/MPa 
Mole fraction 

of methane 

2 1 9 . 2 6 0 . 5 8 1  
0 . 9 4 3  
1 .  3 9 8  
1 .  9 0 0  
2 . 4 32 
3 . 12 0  
3 . 86 1  

24 0 . 0 0 1 .  2 8 7  
2 . 10 4  
3 . 0 5 9  
4 . 0 8 9  
5 . 19 8  
6 . 120 
6 . 6 57 
7 . 07 3  
7 . 2 6 5  

i n  liquid , i n  vapor , 
.xCH4 YcH4 

o . o o o o  0 . 0 0 0 0  
0 . 3 5 2 9  

0 . 0 3 3 9  0 . 5 4 5 7  
0 . 0 5 7 9  0 . 6 4 9 3  
0 . 0 8 5 9  0 . 7 1 0 3  
0 . 1 3 0 8  0 . 7 5 9 2  
0 . 1 9 2 3  0 . 7 8 9 0  

0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 3 28  0 . 34 8 0  
0 . 07 6 1  0 . 5 16 0  
0 . 1315 0 . 6 0 5 0  
0 . 2 0 7 4  0 . 6 55 0  
0 . 2 8 7 3  0 . 6 7 4 2  
0 . 3 4 7 5  0 . 6 7 7 1  
0 . 4 0 1 6  0 .  6 7 2 8  
0 . 4 315 0 .  6 6 7 2  

2 4 0 . 0 0 7 . 39 7  
7 . 5 94  
7 . 6 6 0  
7 .  7 7 2  

2 7 0 . 0 0 3 . 2 0 3  
3 . 6 7 3  
3 . 8 1 0  
4 . 38 7  
5 . 18 3  
5 . 9 4 3  
6 . 15 6  
7 . 0 8 3  
7 . 9 6 9  
8 . 22 3  
8 . 415  
8 . 5 1 1  

in liquid , i n  vapor 
.xCH4 YcH 4 

0 . 4 5 2 5  0 . 6 6 2 4  
0 . 4 9 14 0 . 6 4 7 3  
0 . 50 4 8  0 . 6 3 8 8  
0 . 5 4 7 5  0 . 6 1 9 9  

0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 1 8 3  0 . 10 4 8  
0 . 0 2 3 5  0 . 12 7 3  
0 . 0 4 5 7  0 . 20 8 6  
0 . 07 9 3  0 . 2 8 8 5  
0 . 1 1 6 7  0 . 34 5 1  
0 . 12 6 1  0 . 3 5 4 3  
0 . 1 7 8 5  0 . 39 0 1  
0 . 2 4 6 3  0 . 3 9 8 0  
0 . 27 3 7  0 . 3 9 16 
0 . 3 0 6 0  0 . 37 4 2  

0 . 3 5 32 

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Recirculating vapor flow apparatus 
with diaphragm pump . Temperature 
measured with platinum resistance 
thermometer and pressure with 
Bourdon gauges .  Cell stirred 
with double propeller stirrer . 
Vapor and liquid samples analysed 
by gas chromatography using a 
thermal conductivity detector . 
Details in ref . ( 1 )  • 

SOURCE AND PURITY OF MATERIALS : 
1 .  Linde ultrahigh purity grade . 

Purity 9 9 . 97 mole per cent . 

2 .  Linde "Coleman" grade . Purity 
9 9 . 9 9 1  mole per cent . 

ESTIMATED ERROR : 
oT/K = ± 0 . 0 2 ;  oP/MPa = ± 0 . 0 0 3  up 
to 3 MPa ,  ± 0 . 0 1 up to 10 MPa , 
± 0 . 0 2 above 10 MPa ;  ox , oy = 
±0 . 0 02 . 

REFERENCES : 

1 .  Somait , F . ; Kidnay , A .  J .  
J.  Chern . Eng . Data 

197 8 ,  2 3 ,  3 0 1 .  
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8]  

2 .  Carbonyl sulfide ; COS ; 
[ 4 6 3-58-1] 

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

2 9 8 . 15 

323 . 15 

3 4 8 . 15 

37 3 . 15 

P/MPa 

2 . 4 7 
3 . 5 9 
3 . 6 5 
5 . 5 7 
7 . 2 7 
9 . 16 

10 . 7 2 
3 . 3 7 
4 . 6 2 
6 . 2 1 
7 . 5 7 
8 . 7 3 
9 . 6 2 

10 . 1 6 
4 . 5 3 
5 . 3 8 
6 . 2 8 
7 . 4 0 
8 . 3 3 
8 . 6 2 
6 . 06 
6 . 5 0 
6 .  71 

ORIGINAL MEASUREMENTS : 

Senturk , N .  H . ; Kalra , H . ; 
Robinson , D .  B .  
J .  Chem . Engng . Data 

1979 , 24 , 311- 313 . 

P REPARED BY : 

c .  L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

XCH4 YcH 4 

0 . 0 4 4 6  0 . 4318  
- 0 . 5637  

0 . 0884  -
0 . 1850  0 . 6 6 3 0  
0 . 2 6 5 3  0 . 6 8 6 7  
0 . 3 6 6 0  0 . 6 8 2 3  
0 . 4 8 6 6  0 .  6172 
0 .  0411 0 . 2 6 4 4  
0 . 0915 0 . 4167  
0 . 1613 0 . 50 6 3  
0 . 2 2 4 0  0 . 5370  
0 . 2 8 7 8  0 . 5 4 0 0  
0 . 34 3 8  0 . 5278  
0 . 3889  0 . 4 9 8 9  
0 . 0276  0 . 1242  
0 . 0610  0 . 2123  
0 . 0962  0 . 2 7 3 9  
0 . 1502 0 . 3245  
0 . 2 0 2 6  0 . 3344  
0 . 2 2 0 8  0 . 32 8 9  
0 . 0102 0 .  0205  
0 . 0313 0 . 0 549 
0 . 0421  0 . 0574  

AUXI LIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Cell fitted with two movable pistons 
which enabled cell contents to be 
circulated in external line . Fitted 
with optical system which allowed 
measurement of refractive index . 
Temperature measured with iron
constantan thermocouple and pressure 
with Bourdon gauge . Components 
charged into cell , mixed by piston 
movement .  Samples withdrawn and 
analysed by gas chromatography . 
Details in source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATE RI ALS : 

1 .  Matheson , ultra high purity 
sample , purity 9 9 . 9 7 mole per 
cent . 

2 .  Matheson special sample purity 
99 . 7  mole per cent . Maj or im
purities were hydrogen sulfide 
0 . 03% , carbon disulfide 0 . 05% , 
carbon dioxide 0 . 21% , traces of 
nitrogen and carbon monoxide . 

ESTIMATED ERROR: 
oT/K = ± 0 . 05 ;  

OxCH�t ' OyCH�t = 

REFERENCES : 

oP/MPa = ± 0 . 02 ;  

± 0 . 003  to 0 . 005 . 
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1 .  Besserer , G .  J . ; Robinson , D .  B .  
Can .  J .  Chem . Eng .  

197 1 ,  4 9 , 6 5 1 .  
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COMPONENTS : EVALUATOR :  

1 .  Methane ; CH4 ;  [ 7 4- 8 2 - 8 ] 

2 .  Hydrogen sulfide ; H 2 S ;  

EVALUATION : 

[ 7 7 8 3- 06-4 ] 

Colin L .  Young , 
School of Chemistry , 
University of Helbourne , 
Parkville , Victoria 3 0 52 , 
Australia . 
March 1 9 8 2  

This system has been investigated b y  three groups of workers . The 
data of Reamer e t  a t .  ( 1 )  covers the temperature range 2 7 7 . 6  K to 4 4 4 . 3  K 
and their data are classified as tentative . The data of Kahn and Kurata 
( 2 )  are , in general , in good agreement with those of Reamer e t  a t .  ( 1 )  
( except a t  27 7 . 6  K and the highest pressure ) ,  and are therefore also 

classified as tentative . The data of Robinson and coworkers ( 3 ) , ( 4 )  are 
in reasonable agreement with the data of Reamer e t  a t .  ( 1 )  at 2 7 7 . 6  K and 
3 4 4 . 3  K but only fair agreement at 31 0 . 9  K .  Because of the very limited 
nature of the data of Robinson and coworkers , detailed comparison is not 
possible . 

References 

1 .  Reamer , H .  H . ; Sage , B .  H . ; Lacey , \\1 . N .  
Ind.  Eng . Chern . , 1 9 5 1 , 4 3 ,  9 7 6 . 

2 .  Kahn , J .  P . ; Kurata , F .  
Am . Ins t .  Chern . Engn�s . J . , 1 95 8 ,  4 ,  211 . 

3 .  Robinson , D .  B . ; Lorenzo , A .  P . ; Macrygeorgos ,  c .  A .  
Can .  J .  Chern . Engng . , 1 9 5 9 ,  3 7 ,  212 . 

4 .  Robinson , D .  B . ; Bailey , J .  A .  
Can .  J .  Chern . Engng . , 1 9 5 7 , 3 5 , 1 5 1 . 
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COMPONENTS : 

1 .  Methane ; CH4 ; [ 7 4-82-8]  

2 .  Hydrogen sulfide ; H 2 S ;  
[ 7 7 8 3-06-4 ] 

VARIABLES : 

Temperature ,  pressure 

EXPERIMENTAL VALUES : 
Mole fraction 

of methane 
T/K P/MPa in liquid , in gas , 

xCH4 YcH 4 

2 77 . 6  1 .  38 0 . 0057  0 . 1371 
1 . 72 0 . 0132 0 . 2 7 8 3  
2 . 0 7 0 . 0212 0 . 3896  
2 . 4 1  0 . 0284  0 . 4 6 0 4  
2 . 76 0 . 0354 0 . 5126 
3 . 10 0 . 0424  0 . 5551  
3 . 4 5 0 . 04 9 3  0 . 5 8 7 9  
4 . 14 0 . 06 3 6  0 . 6 394  
4 . 8 3 0 . 0783  0 . 6 75 5  
5 . 52 0 . 0 930 0 . 6 9 8 9  
6 . 21  0 . 10 8 3  0 . 7141 
6 . 8 9 0 . 12 5 0  0 . 7 242  
7 . 5 8 0 . 14 3 3  0 .  7 2 9 9  
8 . 27 0 . 1635  0 . 7321 
8 . 6 2 0 . 17 5 0  0 . 7319  
8 . 96 0 . 1868  0 . 7306  
9 . 6 5 0 . 2137  0 . 7262  

10 . 34 0 . 2 450  0 .  7185 
11 . 0 3 0 . 2798  0 . 70 7 5  
11 . 72 0 . 3240  0 . 6 9 31 
12 . 0 7 0 . 34 92 0 . 6 8 2 8  
12 . 4 1 0 . 3758  0 . 6 6 8 6  
13 . 10 0 . 4401  0 . 6 13 0  

ORIGINAL MEASPREMENTS : 

Reamer , H .  H .  ; Sage , B .  H .  ; 
Lacey , W .  N .  
Ind. Eng . Chern . 195 1 ,  4 3 ,  976-981 . 

P REPARED BY : 

C .  L .  Young 

Mole fraction 
of methane 

T/K P/MPa in liquid , in gas , 
xCH� YcH4 

277 . 6  1 3 . 4 4  0 . 55 0 0  0 . 55 0 0  
310 . 9  2 . 76 0 . 0 0 0 7  0 . 0117 

3 . 10 0 . 00 6 7  0 . 0 963  
3 . 4 5 0 . 01 2 8  0 . 16 4 2  
3 . 7 9 0 . 0190  0 . 2 2 0 3  
4 . 1 4 0 . 0255  0 . 2 6 8 8  
4 . 8 3 0 . 0385  0 . 3416 
5 . 5 2 0 . 05 2 3  0 . 3976  
6 . 21 0 . 06 7 0  0 . 4 3 9 6  
6 . 89 0 . 0 8 2 8  0 . 4707  
7 . 5 8 0 . 0996  0 . 4 9 2 3  
8 . 2 7 0 . 1182  0 . 5 0 7 9  
8 . 6 2  0 . 12 8 2  0 . 5130  
8 . 96 0 . 1390  0 . 5182  
9 . 6 6  0 . 16 2 0  0 . 5 2 4 0  

10 . 3 4 0 . 1885  0 .  525.5 
11 . 03 0 . 2192  0 . 5195  
11 . 72 0 . 25 3 2  0 . 5 0 5 8  
12 . 0 7 0 . 2725  0 . 4 9 4 7  
12 . 41 0 . 29 4 0  0 . 4797  
12 . 76 0 . 3185  0 . 45 8 0  
13 . 1 0 0 . 3578  0 . 4190  

(cont . )  

AUXILIARY I NFORMATION 

METHOD /APPARATUS /PROCEDURE : 

PVT cell charged with mixture of 
known composition . Pressure 
measured with pressure balance . 
Temperature measured using resi s
tance thermometer . Bubble and dew 
points determined for various 
compositions from discontinuity in 
slope of pv isotherm. 
Co-exis ting phase compositions 
determined by graphical means . 
De tails in ref . ( 1 ) . 

M-Y 

SOURCE AND PURITY OF MATE RIALS : 

1 .  Crude sample treated for removal 
of alkanes ,  C0 2 and water ; 
final purity 99 . 9  mole per cent . 

2 .  crude sample purified and twice 
sublimed . 

ESTIMATED ERROR: 

o T/K = ± 0 . 01 ;  oP/MPa = ± 0 . 01 ;  
oxcH4 ' oycH4 = ± o . oo3 . 

REFERENCES : 

1 .  Sage , B .  H . ;  Lacey , w .  N .  
Trans . A m .  Ins t .  Mi ning and Me t .  

Engnrs . 194 0 ,  1 3 6 ,  136 . 
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COMPONENTS :  

1 .  Methane; CH� ; [ 7 4 - 8 2 - 8 ]  

2 .  Hydrogen sulfide ; H 2 S ;  
[ 7 7 8 3- 0 6 - 4 ] 

EXPERIMENTAL VALUES : 

Mole fraction 
of methane 

T/K P/MPa in liquid , in gas , 
xCH � YcH 4 

310 . 9  1 3 . 15 0 . 3 8 8 0  0 . 38 8 0  
344 . 3  5 . 52  0 . 0 0 3 1  0 . 0 1 9 6  

5 . 86 0 . 0 0 9 8  0 . 0 5 9 2  
6 . 21 0 . 0 1 6 7  0 . 0 9 4 6  
6 . 89 0 . 0 30 9  0 . 1553  
7 . 5 8  0 . 04 5 9  0 . 2 0 2 1  
8 . 2 7 0 . 0 6 2 2  0 . 2 3 6 7  
8 . 62 0 . 0 7 2 0  0 . 2 5 3 4  
8 . 9 6 0 . 0 8 14 0 . 2 6 4 6  

ORIGINAL MEASUREMENTS : 

Reamer ,  H .  H . ;  Sage , B .  H . ;  
Lacey , W .  N .  
Ind .  Eng . Chem.  1 9 5 1 ,  4 3 ,  9 7 6 -9 8 1 . 

Mole fraction 
of methane 

T/K P/MPa in liquid , in gas , 
xCH 4 YcH� 

3 4 4 . 3  9 . 6 6 0 . 1 0 2 1  0 . 2 8 11 
10 . 34 0 . 12 4 5  0 . 2 7 7 5  
11 . 03 0 . 15 4 7  0 . 2 5 8 0  
1 1 . 3 8  0 . 1 8 3 0  0 . 2 2 9 5  
11 . 4 5 0 . 2 0 9 0  0 . 2 0 9 0  

4 4 4 . 3  6 . 2 7 - 0 . 10 0 0  
7 . 54 - 0 . 20 0 0  
9 . 5 8 0 . 1 0 0 0  -

11 . 4 5 0 . 2 0 0 0  -
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COMPONENTS : 

1 .  Methane ; CH� ; [ 7 4-82-8 ]  

2 .  Hydrogen sulfide ; H2 S ;  
[ 7 7 8 3 -06-4]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K T/°F  

310 . 9  100  

P/psi 

6 0 0  
1200  
1600  

ORIGINAL MEASUREMENTS : 

Robinson , D .  B . ; Bai ley , J .  A .  

Can .  J .  Chem . Engng . 

1957 , 3 5 , 1 51-15 8 .  

PREPARED BY : 

c .  L .  Young 

Mole fraction of methane 
P/MPa in liquid , in vapor , 

xCH �  Y cH � 

4 . 1 4 0 . 0 33 0 . 2 90 
8 . 2 7 o . 1o9 t 0 . 510 

1 1 . 03 0 . 2 6 0  0 . 4 7 8  

t extrapolated from ternary data . 

AUXI LI ARY INFO RMATION 

METHOD /APPARATUS /PROCEDURE : 

Static equilibrium cell fitted 
with glass window . Temperature 
measured with copper-constantan 
thermocouples . Pressure measured 
with Bourdon gauge . Samples of 
gas and liquid analysed by absorbing 
hydrogen sulfide in potassium 
hydroxide solution and measuring the 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phil lips Petroleum Co . research 
grade sample , purity 9 9 . 7  mole 
per cent . 

2 .  Matheson Co . sample , purity 98 . 8  
mole per cent , 0 . 4  mole per cent 
methyl chloride , 0 . 3  mole per 
cent methyl mercaptan , 0 . 2  mole 
per cent nitrogen and 0 . 3  mole 
per cent carbon dioxide . 

amount of methane volumetrically. �
E�.S�T�I�MA�TE�D�E�R�RO

�R�:
------------------------� 

oT/K = ± 0 . 1 ; oP/MPa = ± 1 % ;  

OXCH � ' oyCH�  = ± 0 . 002  (estimated by 
compiler) .  

REFERENCES : 
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COMPONENTS : 

1 .  Methane ; CH 4 ;  [ 7 4-82-8 ]  

2 .  Hydrogen sulfide ; H 2S ;  
[ 77 8 3-06- 4 ]  

VARIABLES : 
Temperature , pres sure 

EXPERIMENTAL VALUES : 

ORIGINAL MEASUREMENTS : 

Kohn , J . P . ;  Kurata , F .  

Am . Ins t .  Chern. Engn�s . J .  1958 , 4 ,  
2 11-217 . 

PREPARED BY : 
C . L .  Young 

T/K P/10 5Pa Mole fraction of methane 
in liquid , in vapor , 

xCH4  YcH 4 
------------------------------------------------------------------------; 

2 7 7 . 6  
2 5 5 . 4  
2 3 3 . 2  
210 . 9  
1 8 8 . 7  
2 9 9 . 8  
2 7 7 . 6  
2 5 5 . 4  
23 3 . 2  
210 . 9  
18 8 . 7  
32 2 . 0  
299 . 8  
27 7 . 6  
2 5 5 . 4  
23 3 . 2  
2 1 0 . 9  
199 . 8  
33 8 . 7  
32 2 . 0  
310 . 9  
29 9 . 8  
28 8 . 7  
27 7 . 6  

13 . 79 
13 . 79 
13 . 79 
13 . 7 9  
1 3 . 7 9 
2 7 . 5 6 
27 . 56 
27 . 5 6 
27 . 5 6 
27 . 56 
2 7 . 5 6 
4 1 . 37 
41 . 37 
4 1 . 37 
4 1 . 37 
4 1 . 37 
4 1 . 37 
41 . 37  
5 5 . 16 
5 5 . 16 
5 5 . 1 6 
5 5 . 1 6 
5 5 . 1 6 
5 5 . 1 6 

0 . 005 
0 . 009 
0 . 0125  
0 . 01 8  
0 . 02 5  
0 . 016 
0 . 03 5  
0 . 04 5  
0 . 054 
0 . 06 2  
0 . 06 6  
0 . 015 
0 . 03 8  
0 . 05 8  
o .  0 7 2  
0 . 083  
0 . 09 3  
0 . 10 1  
0 . 01 0  
0 . 03 5  
0 . 051  
0 . 0 6 8  
0 . 0 8 6  
0 . 0 9 0  

0 . 14 0  
0 . 52 2  
0 . 7 54 
0 . 906  
0 . 96 8  
0 . 25 1  
o .  513 
0 . 72 0  
0 . 862  
0 . 93 5  
0 . 969  
0 . 14 3  
0 . 4 0 6  
0 . 6 2 8  
0 . 79 2  
0 . 90 0  
0 . 947  
0 . 95 5  
0 . 104  
0 . 29 0  
0 . 4 0 5  
0 . 501 
0 . 59 6  
0 . 69 0  

AUXI LIARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 
Bubble point-dew point apparatus 
with borosil icate glass cell . 
Temperature measured with platinum 
resistance thermometer . Pressure 
measured with Bourdon gauge . 
Analysis of phases carried out using 
gas density measurement.  Some 
details in source and ref . ( 1 ) . 

SOURCE AND PURITY OF MATERIALS ; 
1 .  Pure grade Phillips Petroleum 

sample minimum purity 9 9  mole per 
cent . Purified by pass ing 
through alumina and then activat
ed charcoal in dry- ice acetone 
bath . Final purity about 99 . 7  
mole per cent . 

2 .  Matheson Company sample purity 99 
mole per cent.  Purified as 
methane, final purity about 99 . 9  
mole per cent . 

ESTIMATED ERROR: 
oT/K = ±0 . 0 6 ;  o /MPa = ± 0 . 0 1 5 ;  
oxCH 4  , oyCH 4  < 0 . 0 0 5  

REFERENCES : 

1 .  Kahn , J . P . ; Kurata , F .  
Pet�o Zeum P�oaess . 19 56 , 1 1 , 51 .  
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CO�.PONENTS : 

l .  Hethane ; CH 4 ;  [ 7 4- 8 2- 8 ]  

2 .  Hydrogen sulfide ; H 2. S ;  
[ 7 7 8 3- 0 6-4 ]  

EXPERIMENTAL VALUES :  

T/K P/10 5Pa 

3 6 6 . 5  8 2 . 7 4  
3 4 4 . 3  8 2 . 7 4  
3 22 . 0  82 . 74 
2 9 9 . 8  8 2 . 74 
2 7 7 . 6  8 2 . 7 4  
3 4 4 . 3  1 1 0 . 3  
322 . 0  110 . 3  
310 . 9  1 10 . 3  
299 . 8  110 . 3  
27 7 . 6  1 1 0 . 3  

I norganic Compounds 755 

ORIGINAL HEASUREHENTS : 

Kohn , J . P . ; Kurata , F .  

Am. Ins t .  Chern . Engnr>s . J .  1 9 5 8 , 
4 , 211-2 1 7 . 

Hole fraction of methane 
in liquid in vapor , 

XCH4 Y ca4 

0 . 00 6  0 . 0 2 5  
0 . 0 5 2  0 . 23 8  
0 . 09 5  0 . 4 3 2  
0 . 13 5  0 . 5 82  
0 . 16 2  0 . 7 2 7  
0 . 1 5 5  0 . 25 0  
0 . 1 8 4  0 . 4 4 1  
0 . 2 0 0  0 . 5 20 
0 . 21 3  0 . 5 8 6  
0 . 2 3 8  0 . 7 0 5  
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COMPONENTS : 

l .  Methane ; CH� ; [ 7 4-82-8 ]  

2 .  Hydrogen sulfide ; H 2 S ;  
[ 7 7 8 3-0 6-4 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

T/K 

2 7 7 . 6  4 0  

3 4 4 . 3  1 6 0  

P/MPa 

2 . 7 6 
6 . 8 9 

1 1 . 03  
6 . 8 9 

11 . 03 

ORIGINAL MEASUREMENTS : 

Robinson , D .  B . ; Lorenzo , A .  P . ; 
Macrygeorgos ,  c .  A .  

Can .  J .  Chern . Engng . 

1 9 5 9 , J ? ,  212-2 1 7 . 

PREPARED BY : 

P/psi 

4 0 0  
1 0 0 0  
1 6 0 0  
1 0 0 0  
1 6 0 0  

C .  L .  Young 

Mole fraction of methane 
in liquid , in vapor , 

xCH � YcH� 

0 . 02 3  
0 . 122  
0 . 2 5 6  
o .  0 3 2  
0 . 15 9  

0 . 51 1  
o .  7 1 6  
0 . 70 8  
0 . 15 6  
0 . 26 5  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static equilibrium cell fitted 
with glass window. Temperature 
measured with copper-constantan 
thermocouple s . Pressure measured 

with Bourdon gauge . Samples of 
gas and liquid analysed by absorbing 
hydrogen sulfide in potassium 
hydroxide solution and measuring the 

SOURCE AND PURITY OF MATERIALS : 

No details give n .  

�--------------------------------� amount of methane volumetrically . ESTIMATED ERROR: 

o T/K = ± 0 . 1 ; oP/MPa = ± 1 % ; 

OXCH� ' oyCH� = ± 0 . 0 0 2  ( estimated by 
compiler ) . 

REFERENCES : 



I norganic Compounds 

COMPONENTS : 

l .  Methane 1 CH4 1 [ 7 4-8 2- 8 ]  

2 .  Hydrogen sulfide ; H 2 S ;  
[ 7 7 8 3- 0 6-4 ]  

3 .  Carbon dioxide ; 

VARIABLES : 

EXPERIMENTAL VALUES : 

[ 12 4-3 8-9 ]  

T/K = 310 . 9  

P/MPa 

4 . 14 

8 . 2 7 

1 2 . 4 1 

P/psi 

6 0 0  

1 2 0 0  

1 8 0 0  

0 . 8 4 0  
0 . 8 1 0  
0 . 9 0 5  
0 . 9 3 7  
0 . 8 9 1  
0 . 8 1 5  
0 . 8 7 0  
0 . 96 7  
0 . 9 5 5  
0 . 8 9 1  
0 . 8 4 3  
0 . 7 4 7  
0 . 6 8 3  
0 . 615  
0 . 5 9 8  
0 . 552  
0 . 4 1 6  
0 . 422  
0 . 37 2  
0 . 74 0  
0 . 7 0 6  
0 . 6 55  

in liquid 

xco2 

0 . 16 0  
0 . 17 0  
0 . 06 9  
0 . 0 4 4  
0 . 101  
0 . 185  
0 . 122  
0 . 0  
0 . 0 2 9  
0 . 0  
0 . 0 4 2  
0 . 13 7  
0 . 2 1 3  
0 . 2 8 4  
0 . 3 0 5  
0 . 36 6  
0 . 45 8  
0 . 52 0  
0 . 5 6 3  
0 . 0  
0 . 03 6  
0 . 05 0  

ORIGINAL MEA5UREMENTS : 

Robinson , D .  B . 1 Bailey , J .  A .  

Can . J .  Chern.  Engng . 

1 9 5 7 , 3 5 ,  1 5 1-15 8 .  

PREPARED BY : 

c .  L .  Young 

T/° F  = 1 0 0  

Mole fractions 

0 . 0  
0 . 02 0  
0 . 02 6  
0 . 01 9  
0 . 0 0 8  
0 . 0  
0 . 0 0 8  
0 . 0 3 3  
0 . 0 6 1  
0 . 10 9  
0 . 115 
0 . 11 6  
0 . 1 0 4  
0 . 101  
0 . 0 9 7  
0 . 0 8 2  
0 . 06 6  
0 . 05 8  
0 . 0 6 5  
0 . 2 6 0  
0 . 2 5 8  
0 . 2 8 5  

0 . 6 0 8  
0 . 6 6 0  
0 . 6 6 7  
0 . 6 8 4  
0 . 6 4 4  
0 . 6 3 0  
0 . 6 3 0  
o .  7 1 0  
0 . 6 9 0  
0 . 4 9 0  
0 . 4 7 0  
0 . 4 4 5  
0 . 4 1 8  
0 . 411  
0 . 4 0 7  
0 . 3 6 8  
0 . 34 8  
0 . 31 4  
0 . 31 6  
0 . 52 2  
0 . 5 3 0  
0 . 52 0  

i n  vapor 
Yco2 

0 . 3 9 2  
0 . 2 22  
0 . 2 0 6  
0 . 115 
0 . 25 9  
0 . 37 0  
0 . 317  
o . o  
0 . 06 6  
o . o  
0 . 09 5  
0 . 20 1  
0 . 27 8  
0 . 3 3 2  
0 . 34 7  
0 . 4 2 2  
0 . 4 9 8  
0 . 56 5  
0 . 57 9  
o . o  
0 . 04 7  
0 . 0 7 9  

o . o  
0 . 11 8  
0 . 12 7  
0 . 2 0 1  
0 . 09 7  
o . o  
0 . 05 3  
0 . 2 9 0  
0 . 2 4 4  
0 . 510 
0 . 4 3 5  
0 . 354  
0 . 3 0 4  
0 . 25 7  
0 . 24 6  
0 . 21 0  
0 . 155  
0 . 12 1  
0 . 10 5  
0 . 4 7 8  
0 . 4 2 3  
0 . 4 0 1  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell fitted with 
glass window. Temperature measured 
with copper-constantan thermocouples . 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum Co . research 
grade sample , purity 9 9 . 7  mole 
per cent . 

Pressure measured with Bourdon gauge . 2 • 

Samples of gas and liquid analysed by 

Matheson Co . sample , purity 9 8 . 8  
mole per cent , 0 . 4  mole per cent 
methyl chloride , 0 . 3  mole per 
cent methyl mercaptan , 0 . 2  mole 
per cent nitrogen and 0 . 3  mole 
per cent carbon dioxide . 

absorbing hydrogen sulfide and carbon 
dioxide in potassium hydroxide solu
tion and measuring the amount of 
methane volumetrically . Hydrogen 
sulfide in sample estimated by 
reacting with iodine solution , 
excess iodine being detected by the 
blue coloration produced with 
starch solution . 

3 .  Puritv 9 9 . 7  mole oer cent . 
ESTIMATED ERROR: 

o T/K = ± 0 . 1 ; oP/MPa = ± 1 % ; 

ox , oy = ± 0 . 00 2  (estimated by 
compiler) . 

REFERENCES : 
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758 Inorganic Compounds 

COMPONENTS : 

1 .  Methane 1 CH � 1 [ 7 4-82-8 ]  

2 .  Hydrogen sulfide 1 H 2 S 1  
[ 7 7 8 3-0 6-4 ]  

3 .  Carbon dioxide 1 C0 2 1  [ 12 4- 3 8-9 ]  

VARIABLES : 

EXPERIMENTAL VALUES : 

2 77 . 6  
( 4 0 )  

3 4 4 . 3  
( 1 6 0 )  

P/MPa 

(P/psi )  

2 . 7 6 
( 4 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

11 . 0 3 
( 1 6 0 0 )  

6 . 8 9 
( 1 0 0 0 )  

( cont . )  

XH 2 S 

0 . 9 7 7  
0 . 94 0  
0 . 8 8 9  
0 . 8 3 2  
0 . 8 1 9  
0 . 7 0 2  
0 . 6 3 5  
0 . 5 9 7  

0 . 87 8  
0 . 7 5 6  
0 . 6 25  
0 . 4 12 
0 . 2 8 4  
0 . 14 4  
o . o  
0 . 7 4 4  
0 . 64 3  
0 . 4 8 8  

0 . 9 6 8  
0 . 9 3 6  
o .  9 1 1  
0 . 8 9 1  

in liquid 
xco2 

0 . 0  
0 . 02 7  
0 . 07 0  
0 . 12 9  
0 . 14 8  
0 . 2 8 0  
0 . 3 50 
0 . 4 0 3  

o . o  
0 . 09 0  
0 . 2 2 1  
0 . 4 1 4  
0 . 5 3 7  
0 . 6 8 0  
0 . 8 6 7  

o . o  
0 . 0 6 3  
0 . 13 5  

o . o  
0 . 0 3 1  
0 . 0 6 3  
0 . 10 9  

ORIGINAL MEASUREMENTS : 

Robinson , D .  B . J Lorenzo , A .  P . 1  
Macrygeorgos ,  C .  A .  

Can . J .  Chern . Engng . 

1 95 9 ,  3 7 , 212-217 . 

PREPARED BY : 

C .  L .  Young 

Mole fractions 
in vapor 

XCH4 YH 2 S Yco2 

0 . 02 3  0 . 4 8 9  0 . 0  
0 . 0 33  0 . 47 7  0 . 13 1  
0 . 0 4 1  0 . 4 54  0 . 19 2  
0 . 0 3 9  0 . 4 2 9  0 . 25 3  
0 . 0 3 3  0 . 4 2 3  0 . 352  
0 . 0 1 8  0 . 4 0 4  0 . 4 5 0  
0 . 015 0 . 4 1 6  0 . 50 3  
0 . 0  0 . 3 6 5  0 . 6 3 5  

0 . 12 2  0 . 28 4  0 . 0  
0 . 154  0 . 2 9 1  0 . 13 9  
0 . 154  0 . 2 59  0 . 2 6 6  
0 . 17 4  0 . 2 2 9  0 . 35 3  
0 . 1 7 9  0 . 17 9  o .  4 7 1  
0 . 17 6  0 . 10 4  0 . 56 7  
0 . 13 3  0 . 0  0 . 6 5 5  

0 . 25 6  0 . 2 9 2  o . o  
0 . 2 9 4  0 . 3 11  0 . 0 8 7  
0 . 37 7  0 . 3 4 0  0 . 14 2  

0 . 03 2  0 . 8 4 4  0 . 0  
0 . 0 3 3  0 . 8 3 6  0 . 0 6 1  
0 . 02 6  0 . 8 22  0 . 1 1 8  
0 . 0  o .  8 1 1  0 . 18 9  

YcH4 

0 . 5 1 1  
0 . 3 9 2  
0 . 354  
0 . 3 1 8  
0 . 2 25  
0 . 14 6  
0 . 0 8 1  
0 . 0  

o .  7 1 6  
0 . 57 0  
0 . 4 7 5  
0 . 4 1 8  
0 . 35 0  
0 . 3 2 9  
0 . 3 4 5  

0 . 7 0 8  
0 . 6 0 2  
0 . 518  

0 . 15 6  
0 . 10 3  
0 . 0 6 0  
0 . 0  

AUXILIARY INFORMATION 

METHOD /APPARATUS/PROCEDURE : 

Static equilibrium cell fitted with 
glass window . Temperature measured 
with copper-constantan thermocouples . 
Pressure measured with Bourdon gauge . 
Samples of gas and liquid analysed 
by absorbing hydrogen sulfide and 
carbon dioxide in potassium 
hydroxide solution and measuring the 

SOURCE AND PURITY OF MATERIALS ; 

No details given . 

amount of methane volumetrically . �
E
-

S
_
T
_
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_
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_
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_
R
_
:
------------------------1 

Hydrogen sulfide in sample estimated o T/K = ± O . l l  o P/MPa = ±l% J 
by reacting with iodine solution , ox , oy = ± 0 . 0 0 2  ( estimated by 
excess iodine being detected by the compiler) • 

blue coloration produced with 
starch solution . 

REFERENCES : 



COMPONENTS : 

1 .  Methane ; CH � ; [ 7 4-82-8 )  

2 .  Hydrogen sulfide ; H2 S 1  
[ 77 8 3-06-4)  

Inorganic Compounds 

ORIGINAL MEASUREMENTS : 

Robinson , D .  B . ; Lorenzo ,  A .  P . ; 
Macrygeorgos , c .  A .  

Can . J .  Chern . Engng . 

3 .  Carbon dioxide ; C02 1 [ 124-38-9 )  
1959 , 3 7 ,  212-217 . 

EXPERIMENTAL VALUES :  

3 4 4 . 3  
( 1 6 0 )  

P/MPa 
(P/psi ) 

9 . 17 
( 1 3 3 0 )  

11 . 03 
( 1 6 0 0 )  

0 . 9 03 
0 . 8 4 8  
0 . 7 7 0  
o .  7 1 8  

0 . 8 41 
0 . 818 

Mole fractions 
in liquid 
xco2  xcH� 

0 . 02 3  0 . 074  
0 . 06 4  0 . 08 8  
0 . 12 3  0 . 107 
0 . 197 0 . 085 
0 . 0  0 . 159  
0 . 01 8  0 . 16 4  

o .  7 2 4  
0 . 704  
0 . 69 9  
0 . 67 6  

0 . 735  
0 . 737  

in vapor 
Yco2 YcH� 

0 . 0 6 6  0 . 210  
0 . 126 0 . 17 0  
0 . 162  0 . 139 
0 . 2 24 0 . 10 0  
o . o  0 . 26 5  
0 . 027 0 . 236  
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760 Inorganic Compounds 

COMPONENTS : ORIGINAL MEASUREMENTS : 
1 .  Methane 1 CH� I [ 7  4-82-8 ]  

2 .  Carbon dioxide 1 C0 2 1 [ 12 4-38-9 ]  Hensel , w .  E .  Jr . 1  Massoth , F .  E .  

3 .  Hydrogen sulfide 1 H2 S 1  J.  Chern . Eng . Da ta 

[ 7 7 8 3-06-4 ] 1964 , 9 ,  352-356 . 

VARIABLES : PREPARED BY : 

c .  L .  Young 

EXPERIMENTAL VALUES : Mole fractions 
in liquid in vapor 

T/K P/psi P/MPa .xCH 4 .xco2 .xH 2 S YcH4 Yco 2 YH 2 S 

2 3 8 . 8  700  4 . 8 2 0 . 12 8  0 . 114 0 . 7 5 8  0 . 86 0  0 . 0 2 4  0 . 116 
500  3 . 4 5 0 . 095  0 . 134  o .  7 7 1  0 . 7 50 0 . 0 9 5  0 . 1 55 
300  2 . 0 7 0 . 04 8  0 . 127 0 . 8 2 5  0 . 652  0 . 1 4 0  0 . 2 0 9  
700  4 . 8 2 0 . 17 2  o .  471  0 . 3 57  o .  677  0 . 2 2 6  0 . 097  
500  3 . 4 5 0 . 114 0 . 511 0 . 3 7 5  0 . 6 00 0 . 2 8 9  0 . 11 1  
700  4 . 8 2 0 . 194 0 . 662  0 . 14 4  0 . 651  0 . 305  0 . 0 4 3  
500 3 . 4 5 0 . 118 0 . 70 9  0 . 175  0 . 57 9  0 . 3 6 8  0 . 0 5 3  
3 0 0  2 . 0 7 0 . 05 6  o .  776  0 . 16 9  0 . 382  0 . 5 4 3  0 . 07 8  

2 2 2 . 2  7 0 0  4 . 8 2 0 . 12 6  0 . 12 2  0 . 7 5 1  0 . 8 93 0 . 0 2 6  0 . 0 8 5  
500  3 . 4 5 0 . 096  0 . 108  0 . 796  0 . 8 28  0 . 0 6 3  0 . 110 
300 2 . 0 7 0 . 058 0 . 13 0  0 . 8 12 0 . 798  0 . 0 8 5  0 . 117 
700  4 . 8 2 0 . 218 0 . 415 0 . 3 6 6  0 . 856 o . o 8 5  0 . 0 5 8  
500  3 . 4 5 0 . 128 0 . 46 6  0 . 4 0 6  0 . 76 4  0 . 17 7  0 . 0 59  
300  2 . 0 7 0 . 08 2  0 . 47 0  0 . 44 7  0 . 705  0 . 219  0 . 0 7 6  
7 0 0  4 . 8 2  0 . 269  0 . 606  0 . 125  o .  777  0 . 195  0 . 0 2 8  
5 0 0  3 . 45 0 . 16 3  0 . 68 4  0 . 15 3  0 . 74 4  0 . 2 3 0  0 . 02 6  
300 2 . 0 7 0 . 090 0 . 73 2  0 . 17 8  0 . 65 1  0 . 30 9  0 . 0 4 0  

AUXILIARY INFORMATION 

METHOD/APPARATUS /PROCEDURE : 

Static equilibrium cell . Samples 
analysed using gas chromatography . 
Pressure measured using Bourdon 
gauges . Temperatures were 
measured using an alcohol thermo
meter which was checked against a 
copper-constantan thermocouple: 

SOURCE AND PURITY OF MATERIALS : 

1 and 3 .  Matheson C . P .  grade 
sample , purities 99 . 0  and 99 . 5  

mole per cent , respectively . 

2 .  Matheson " bone dry" grade , 
purity 99 . 9 5 per cent . 

ESTIMATED ERROR: 
oT/K = ± l 1  ox , oy = ±2% . 

REFERENCES : 



Inorganic Compounds 761 

COMPONENTS : 

1 .  Methane ; CH" ;  [ 74 - 8 2 - 8 ]  

2 .  Nitrous oxide ; N20 ;  

[ 1 0 0 2 4-9 7- 2 ]  

VARIABLES : 

Temperature , pressure 

EXPERIMENTAL VALUES : 

Mole fraction 
of methane 

ORIGINAL MEASUREMENTS : 

Zeininger , H .  

Ch emi e -Ing . -Teahn . 

1 9 72 , 4 4 , 6 0 7-12 . 

PREPARED BY : 

c .  L .  Young 

T/K P/l0 5 Pa in liquid , in gas , T/K 

Mole fraction 
of methane 

P/10 5 Pa in liqui d ,  in gas , 

2 1 3 . 15 4 . 2  
4 . 3  
4 . 6  
5 . 2  
5 . 7  
6 . 1  
6 . 4  
7 . 1  
7 . 3  
8 . 3  
9 . 1  

1 0 . 9  
1 1 . 1  
12 . 8  
1 5 . 0  
15 . 3  
1 7 . 4  
1 7 . 4  
2 1 . 0  
24 . 0  

.xCHr, YcH4 

0 . 0 0 1 8  0 . 06 0  
0 . 0 0 2 4  0 . 06 7  
0 . 0 0 3  0 . 0 9 7  
0 . 0 0 7  0 . 18 6  
0 . 0 0 9  0 . 2 4 0  
0 . 0 11  0 . 2 4 4  
o .  0 1 4  0 . 2 8 3  
0 . 0 1 9  0 . 3 1 9  
0 . 01 6  0 . 36 8  
0 . 0 3 0  0 . 4 4 1  
0 . 0 3 0  0 . 4 9 4  
0 . 0 4 0  0 . 5 3 4  
0 . 04 9  0 . 54 8  
0 . 071  0 . 6 2 5  
0 . 08 7  0 . 6 5 3  
0 . 0 7 8  0 . 66 7  
0 . 0 9 9  0 . 6 96 
0 . 111 0 . 70 8  
0 . 15 4  0 . 7 5 3  
0 . 17 8  0 . 7 6 6  

2 1 3 . 15 

2 3 3 . 15 

2 6 . 4  
31 . 7  
3 7 . 7  
4 1 . 5  
4 2 . 4  

9 . 7 
1 0 . 0  
1 0 . 9  
11 . 0  
11 . 6  
12 . 4  
12 . 6  
13 . 2  
1 3 . 4  
1 4 . 2  
1 6 . 5  
21 . 6  
2 5 . 3 
32 . 1  
35 . 7  

.xCH r, YcH., 

0 . 26 2  0 . 8 0 0  
0 . 32 0  0 . 82 8  
0 . 41 3  0 . 83 0  
0 . 4 9 3  0 . 7 9 5  
0 . 57 7  0 . 77 7  
0 . 0 0 3  0 . 06 4  
0 . 00 6  0 . 09 5  
0 . 011  0 . 16 2  
0 . 010  0 . 14 7  
0 . 01 9  0 . 19 9  
0 . 01 7  0 . 2 0 5  
0 . 0 2 4  0 . 2 62  
0 . 028  0 . 31 7  
0 . 0 31  0 . 322  
0 . 0 3 2  0 . 2 8 5  
0 . 0 5 0  0 . 39 2  
0 . 08 4  0 . 510  
0 . 1 0 1  0 . 5 5 4  
0 . 15 1  0 . 6 3 3  
0 . 18 8  0 . 6 7 1  

( cont . )  

AUXILIARY INFORMATION 

METHOD/APPARATUS/PROCEDURE : 

Static equilibrium cell stirred 
with a steel ball . Samples of gas 
and liquid phases removed and 
analysed by mass spectrometry . 
Care was taken to avoid large changes 
in pressure during sampling by taking 
small samples . Details in source . 

SOURCE AND PURITY OF MATERIALS : 

Nitrous oxide was " pure " as  

determined by gas chromatography . 

ESTIMATED ERROR: 

IST/K = ± 0 . 3 ;  ± 0 . 2 ;  

::: ± 0 . 016 .  

REFERENCES : 



762 Inorganic Compounds 

COMPONENTS : ORIGINAL MEASUREMENTS :  

1 .  Methane : CH ,. :  [ 7 4 -8 2 - 8 ] Zeininger , H .  
Chemi e-Ing . -Teahn . 

2 .  Nitrous oxide : N 2 0 :  19 7 2 ,  4 4 , 6 0 7-12 . 
[ 10 0 24-97-2 ] 

EXPERIMENTAL VALUES : 

Mole fraction Mole fraction 
of methane of methane 

T/K P/10 5 Pa in liquid , in gas , T/K P/1 0 5 Pa in liqui d ,  in gas , 
�CH ,. YcH ,. �CH ,.  YcH ,.  

2 3 3 . 15 4 1 . 7  0 . 256  0 . 67 3  2 5 3 . 15 3 3 . 7  0 . 0 9 8  0 . 3 9 8  
4 3 . 8  0 . 26 5  0 . 7 0 9  3 6 . 6  0 . 0 9 8  0 . 39 8  
4 6 . 2  o .  4 11 0 . 6 3 5  3 9 . 9  0 . 1 2 2  0 . 4 36 

2 5 3 . 1 5  1 8 . 5  0 . 00 3  0 . 02 9  4 3 . 8  0 . 14 3  0 . 4 3 7  
2 3 . 3  0 . 02 6  0 . 2 0 2  4 4 . 8  0 . 14 7  0 . 4 4 4  
2 7 . 8 0 . 05 0  0 . 30 8  5 0 . 5  0 . 15 8  0 . 4 3 0  
30 . 8  0 . 0 7 2  0 . 3 59 5 2 . 7  0 . 24 0  0 . 411 

, 



I norganic Compou nds 763 

COMPONENTS : 

1 .  Methane 1 CH� 1 [ 7 4- 82-8 ]  

2 .  Sulfur Dioxide 1 S0 2 1 
[ 74 4 6-09-5 ]  

VARIABLES :  

Temperature , pressure 

EXPERIMENTAL VALUES : 

T/K 

301 . 4 8  
301 . 4 8 
241 . 1 0 
241 . 1 0 
241 . 10 

P/MPa 

3 . 5 5 
1 .  74 
3 . 55 
1 . 90 
1 .  72 

ORIGINAL MEASUREMENTS : 

Dean , M .  R o � '\valls , W .  s .  
Ind . Eng . Chern.  1947 , 39 , 

1049-1051 . 

PREPARED BY : 

c . L .  Young 

Hole fraction of methane 
in liquid , 

XCH 4  

0 . 03 4 8  
0 . 0152  
0 . 0 3 2 6  
0 . 0176  
0 . 0165  

in gas , 
YcH �  

0 . 8 39 
0 . 7 08 
0 . 9 8 7  
0 . 9 79 
0 . 972 

AUXI LI ARY INFORMATION 

METHOD /APPARATUS /PROCEDURE : 

Twin steel static cell . Pres sure 
and volume of cell varied by 
introducing mercury . Pressure 
measured with Bourdon gauge . 
Analys is of samples of both gas 
and liquid phases carried out by 
Orsat gas analysis . 
source . 

Details in 

SOURCE AND PURITY OF MATERIALS : 

1 .  Phillips Petroleum sample , 
purity about 99 . 5  mole per cent . 

2 .  Refrigeration grade sample from 
Virginia Smelting Co . Purity 
about 99 . 6  mole per cent . 

ESTIMATED ERROR: 
oT/K = ± 0 . 1 ;  oP/MPa = ± 0 . 01 1  
o xcH 4 = ± o . o o o 3 1  o y cH �  = ± O . oo2 

(es timated by compi ler) • 

REFERENCES : 



SYSTEM INDEX 

Page numbers preceded by E refer to eval uation texts whereas those not 
preceded by E refer to compi l ation tab l e s . Al l compounds are l isted as in 
Chemica l Abstracts . For exampl e  methy l acetate is  l is ted as  acetic acid , 
methyl ester . 

A 

Acetic acid 
Acetic acid , methyl es ter 
Acetone see 2-propanone 
2 -Aminoethanol see ethanol , 2-amino
Ammonia 
Ammonium bromide ( aqueous ) 
Ammonium chl oride ( aqueous ) 
Amy l a l coho l see 1 -pentano l 
iso-Amyl a l coho l see 1 -butanol , 3 -methyl -
Ani l ine see Benzenamine 
Anisole see benzene , methoxy-

B 

Benzenamine 
Benz ene 

Benzene ( multi component ) 
Benzene , butyl -
Benzene , buty l - ( ternary ) 
Benz ene , chloro-
Benzene , ( 1 -chl oroethyl ) 
Benzene , dimethy l 
Benzene , 1 , 2-dimethyl -
Benz ene , 1 , 2 -dimethyl - ( mult icomponent ) 
Benzene , 1 , 3-dimethyl -

Benzene , 
Benzene , 
Benz ene , 
Benzene , 
Benz ene , 

1 , 4 -dimethyl -
1 , 4-dimethyl 
hexa f l uoro
methoxy -
methy l -

( mu l ticomponent ) 

Benz ene , methyl - ( mult icomponent and ternary ) 
Benzene , 1 , 1 -methylenebis -
Benz ene , nitro -
Benzene , 1 , 3 , 5-trimethy l -
Benzene , 1 , 3 , 5 -trimethyl - ( multicomponent ) 
Benzenemethanol 
Benzyl a lcohol see benzenemethano l 
Bicyc lo ( 3 . l . l ) hept-2 -ene , 2 , 6 , 6 -trimethyl -
1 , 1-Bicycl ohexyl 
1 , 1 -Bicyc lohexy l ( multicomponent )  
1 , 1  '-Biphenyl ( mu l ticomponent ) 
Bitumen , athabasca 
Brine , syntheti c 
Bromide , sodium see sodium bromide 
1-Bromooctane see octane , 1 -bromo-

5 8 0  
6 6 2  

7 36 
E 5 9 , 9 0  
E 5 9 , 8 9  

5 8 0 ,  7 0 9  
E4 9 3 ,  E 4 9 4 , 4 9 8- 5 0 1 , 
5 1 2- 5 2 1 ,  5 8 0  
5 5 1 , 5 7 9  

5 4 0 ,  5 4 2  
E 6 9 2 , 6 9 3 - 6 9 5  
6 9 6  
5 8 0  
E 4 9 5 ,  E4 9 6 , 5 0 4  
5 7 9  

E 5 l l ,  

E4 9 5 ,  E 4 9 6 , 50 5 ,  5 0 6 , E5 3 3 ,  
5 3 4 - 5 3 6  
E 4 9 5 , E 4 9 6 , 5 0 7  
5 7 9  
6 8 3  
E6 4 3 ,  E 6 4 4 , 6 5 4  
E4 9 4 , 5 0 2 , 5 0 3 , E 5 2 2 , 5 2 3 -
5 3 2  
5 5 3 - 5 5 6 , 5 7 9  
E4 9 6 ,  5 0 9 , 5 4 8 , 5 4 9  
5 8 0 , 7 2 2  
5 3 7 - 5 3 9  
5 7 9  
6 7 7  

E 4 5 3 , 4 64 
4 8 7  
5 7 9  
5 7 6 , 5 7 7  
1 4 4 ,  1 4 5  

1 -Butanamine , 1 , 1 , 2 , 2 , 3 , 3 , 4 , 4 , 4 -nonaf luoro-N , N-bis ( nonaf l uorobutyl ) -
7 2 1  

1-Butanamine , N , N , N-tributy l - , bromide ( aqueous ) 

Butane 
Butane ( aqueous ) 
Butane ( ternary ) 

Butan e ,  2 , 2-dimethyl 
Butane , 2-methy l -
Butane , 2-methyl - ( ternary ) 
Butane ,  2 , 2 , 3-trimethyl - ( ternary ) 
1 -Butano l 

1 -Butanol , 3 -methy l -
iso-Butanol see 1 -propanol , 2 -methyl -

764 

E 6 l , E 6 2 , 9 6 - 9 8  
E2 8 1 , 2 8 2 - 2 9 6  
1 96 - 1 9 9  
3 8 7 - 3 8 9 , 4 0 7 - 4 0 9 , 4 20 -4 2 2 ,  
4 3 6 - 4 4 0 , 4 4 7 - 4 4 9  
E2 1 2 ,  E2 1 3 , 2 2 3  
3 1 7 - 3 1 8  
4 1 1  
5 5 1 , 5 5 2  
E 5 8 2 - E5 8 4 , E 5 8 9 , E 5 9 0 , 6 1 1 -
6 1 3  
5 8 0 , E5 9 l ,  6 1 9  



System Index 765 

Butoxy triethyl ene g l ycol acetate . 
see ethanol , 2 - [ 2 - ( 2-butoxyethoxy ) -ethoxy ] - ,  acetate 

Butylbenzene see benzene , buty l -

c 

Ca lcium chlor ide ( aqueous ) 
Ca lcium ch loride ( ternary and mult icomponent ) 

Carbonic acid , dipotassium salt  ( aqueous ) 
Carboni c acid , dipotassium salt  ( ternary ) 
Carboni c  acid , disodium salt  ( aqueous ) 
Carboni c acid , disodium salt ( ternary ) 
Carbonic acid , monosodium salt  ( adqueous ) 
carboni c acid , monopotass ium salt  ( aqueous ) 
Carbonyl s u l f ide 
Carbon dioxide 
Carbon dioxide ( ternary and multicomponent ) 

E 6 6 - E6 8 ,  1 0 7 - 1 1 3  
E68 , E75 , E80 , E8 1 ,  1 1 3 ,  
1 4 6 ,  1 4 7  
E 8 3 , E 8 4 , 1 7 0  
1 6 6  
E78 , E 7 9 , 1 5 8 
E 7 8 , 1 5 6 , 1 5 9  
E 7 7 , E 7 8 , 1 5 7 
E 8 3 , 1 6 9  
7 4 9  
E 7 3 7 ,  7 3 8 - 7 4 8  
2 0 0 , 2 0 1 , 4 3 6 - 4 4 6 ,  
6 6 3 - 6 6 5 ,  6 6 7 - 6 7 1 , 7 5 7 - 7 6 0  

Carbon disu l f ide 
Carbon tetrachl oride see methane , 

5 8 0 , E 7 0 2 , 7 0 3 , 7 0 4  
tetrach loro-

E 8 4 , 1 7 1  Cesium chloride ( aqueous ) 
Cetyltrimethy l ammoni um bromide 

see 1 -hexadecanaminium bromide , N , N , N-trimethyl -
Chloride , calcium see cal cium chloride 
Chlor ide , l i thium see l i thlum chloride 
Ch loride , potass ium see potassium chl oride 
Chlor ide,  sodium see sodium chl oride 
Ch lorobenzene see benzene , chloro
Ch lorodif luoromethane see methane , chl orod i f l uoro-
Ch loroform see methane , trich loro-
1 -Chl orohexane see hexane,  1 -chl oro-
1 -Ch lorooctane see octane , 1 -ch loro-
1 -Chl oronaphtha l ene see naphtahal ene , 1 -chl oro-
Clay s l urry ( multicomponent ) 
Coa l creosote ( l igni te ) 
Coa l l iquid-disti l l ate f rom Exxon donor solvent 

Coa l l iquid-di stil late from solvent refined coa l 

Creosote oi l see coal creosote 
m-cresol see phenol , 3-methyl 
Chrysene ( multicomponent ) 
Cyc lohexane 

1 , 2 -d imethyl - ,  
1 , 2-dimethyl - ,  
1 , 3 -d imethy l - , 
1 , 3-dimethyl - ,  
1 , 4 -d imethy l - , 
1 , 4-dimethyl - ,  
methy l -

c i s 
trans
cis
trans
cis
trans-

Cycl ohexane , 
Cyc lohexane , 
Cycl ohexane , 
Cyc lohexane , 
Cycl ohexane , 
Cyc lohexane , 
Cycl ohexane , 
Cyclohexano l  
Cycl ohexanone 
Cyclohexene 
Cycl ohexy l amine 
Cyc looctane 
Cycl opentanone 
Cyclotetras i l oxane,  octamethyl -

D 

Deca l i n  
s e e  Naphtha l en e ,  decahydro-

1 -Decanaminium ,  N , N , N-trimethy l - , ( bromide ) 
De cane 

Decane ( ternary and mul t icomponent ) 
Decan e ,  1 , 3 , 5 , 7 - tetraazatri cyc l o  [ 3 , 3 , 1 , 1 ,  3 , 7 ]  
1 -Decano l 

Diethano lamine see ethanol , 2 , 2 ' - iminobi s -

1 9 2 ,  1 9 3  
5 6 5  

process 
5 6 1 , 562  
process 2 
5 6 3 , 5 6 4  

5 7 9  
E 4 5 0 ,  4 5 5 , 4 56 ,  4 6 3 , E4 6 5 ,  
4 6 6 - 4 7 4  
E 4 5 1 , E 4 5 2 , 4 58 
E4 5 1 , E 4 5 2 , 4 5 9 
E4 5 1 , E452 , 4 6 1  
E4 5 1 , E452 , 4 6 1  
E4 5 1 , E 4 5 2 , 4 6 0  
E 4 5 1 ,  E452 , 4 6 0  
E4 50 , E4 5 1 , 4 5 7  
E 63 7 ,  6 3 8 ,  6 3 9  
6 6 1  
4 63 ,  E4 9 1  
7 0 8  
E 4 5 2 , E 4 5 3 , 4 6 2  
6 6 0  
E7 2 4 , 7 2 5 , 7 2 6  

1 0 1  
E 2 0 2-E2 0 4 , E 2 0 8 ,  2 3 0 , 2 3 1 , 
E 3 6 0 , 3 6 1 -3 6 9 , 4 0 0 - 4 0 6  
4 1 8 ,  4 1 9 , 5 7 9  

E 5 8 2-E5 8 4 , E5 9 3 ,  E5 9 4 ,  6 2 !  , 
6 2 7 
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Diethy1 ether see ethane , 1 , 1 ·  -oxybis-
9 , 1 0-Dihydrophenanthrene see phenanthrene , 9 , 1 0-dihydro-
2 , 3-Di hydropyran see pyran , 2 , 3 -dihydro-
2 , 2-Dimethy lbutane see butane , 2 , 2-dimethyl -
1 , 2-Dimethy l cycl ohexane see cycl ohexane , cis - 1 , 2 -dimethyl-

and cyc lohexane , trans- 1 , 2-dimethyl -
1 , 3 -Dimethyl cycl ohexane see cycl ohexane , 1 , 3 -dimethyl -
1 , 4 -Dimethy lcyclohexane see cycl ohexane , 1 , 4 -dimethyl-
2 , 2-Dimethyl propane see propane , 2 , 2 -dimethyl -
N , N-D�methy l f ormamide see formamide , N , N-dimethyl -
Dimethy l su l foxide see methane , su l f inyl bis-
1 , 4 -Dioxane E 64 2 ,  E6 4 3 .  6 5 0 -6 5 3  
1 , 4-Dioxane ( aqueous ) 1 7 6  
1 , 3 -Dioxo lan- 2-one , 4-methyl- 6 66 ,  6 7 2 - 6 7 5  
1 , 3-Dioxo l an-2 -one , 4-methy l - ( multicomponent ) 6 6 3- 6 6 5 , 6 7 0  
Dipheny lmethane see benzene,  1 , 1 -methylenebis-
Dipropy lene g l ycol see 2-propanol ; 1 , 1 ' -oxybis-
Docosane E 2 0 2 - E2 0 4 , E 2 1 1 ,  2 4 6  
Dodecane E20 2-E2 0 4 , E208 , 2 3 2 , 2 3 3  
1-Dodecanol E 5 8 2 - E5 8 4 , E5 9 4 ,  6 2 8  
Dog bone and skeletal mus c l e  7 3 2 , 7 3 3  
Dotriacontane 3 7 7  
Dotriacontane ( ternary ) 4 1 8 , 4 1 9 , 5 4 0  

E 

Eicos ane 

1 , 2-Epoxyethane 

E 2 0 2 - E2 0 4 , E2 1 0 ,  2 4 4 , 2 4 5  
3 7 6  

Ethanaminium , 2 -hydroxy-N , N , N-tri s ( 2-hydroxyethyl ) - ,  bromide ( aqueous ) 
E62 , E 6 3 , 9 9  

Etanaminium , N , N , N-triethy l - , bromide ( aqueous ) 

Ethane 
Ethane ( mu l ticomponent )  
Ethane , dich loro
Ethan e ,  1 , 2 -epoxy
Ethane , 1 , 1 ' -oxybi s -
Ethan e ,  1 , 1 , 2-trich l oro- 1 , 2 , 2 - tr i f l uoro
Ethano l 

Ethanol ( aqueous ) 
Ethanol , 2 - amino- ( aqueous ) 
Ethanol , 2-amino- ( ternary ) 
Ethanol , 2 - [ 2- ( 2-butoxyethoxy ) -ethoxy ] - ,  acetate 
Ethanol , 2 , 2 ' - [ 1 , 2 -ethanediy lbis- ( oxy l ) -bis
Ethanol , 2 - [ 2 - ( methoxyethoxy ) -ethoxy ) - ,  acetate 
Ethanol , 2 , 2 -iminobi s- ( aqueous ) 
Ethanol , 2 , 2- iminobis- ( ternary ) 
Ethano lami ne , 

E G O , 9 2 - 9 4  
E2 48 , E 2 4 9 , 2 5 0 - 2 6 5  
1 94 ,  1 9 5 ,  3 7 8 - 3 8 6 , 5 5 3 - 5 5 5  

6 4 8 ,  6 4 9  
5 8 0 , E6 4 0 , E64 1 ,  6 4 5 ,  6 4 6  
6 8 4  
5 8 0 , E 5 8 2-E5 8 2 , 6 0 1 - 6 0 5 ,  
6 3 5 
1 7 4  
1 84 
7 1 6  
6 7 1  
6 6 9  
6 6 8  
1 8 5 
7 1 7  

s ee ethano l ,  2-amino- and ethanol , 2 , 2 - iminobis
Ethene 
Ethane ( ternary ) 
Ethyl ene see ethene 
Ethy lene oxide 

see ethane , 1 , 2 -epoxy-

F 

E4 7 7 ,  4 7 8 - 4 8 2  
4 8 3 - 4 9 0  

Fluoranthene ( multicomponent )  5 7 9  
9 -H-F l uorene ( mult icomponent ) 5 7 9  
Forma ldehyde ( aqueous ) 1 7 2 
Formal dehyde ( ternary ) 
Formami de , N , N-dimethyl - 7 2 0  
Formamide , N-methy l - 7 1 9  
Freon 1 2  see methane,  dichl orodif luoro-
Freon 2 2  see methane , ch lorodi f l uoro-
B-d-Fructofuranosyl -a-d-g lucopyranoside ( aqueous ) 1 8 0 ,  1 8 1  
Furan , tetrahydro- E6 4 3 , 6 5 3  
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G 

Gasol ine 
Gl ucose ( aqueous ) 
Gl ycero l tri ace tate see 1 , 2 , 3-propanetriol , 
Guan idine hydrochl oride ( aqueous ) 
Guani dinene monohydroch l o ride ( ternary ) 

H 

5 7 1  
1 8 3 

triacetate 
E 6 4 , 1 0 3  
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Heptane E 2 0 2-E 2 0 6 , 2 1 9 , 2 2 4 - 2 2 6 ,  
E 3 3 8 , 3 3 9 - 3 4 8 , 3 9 4 - 3 9 6  

Heptane ( ternary ) 3 8 5 , 3 8 6  
Heptane , hexadeca f l uoro- 6 8 2  
1 -Heptano l E 5 8 2-E 5 8 4 , E5 9 1 , 6 2 2 , 6 2 3  
2 - Heptene , 2 , 6 , 6 -trimethy lb icyc l o  ( 3 . 1 . 1 ) - E4 9 1 , 4 9 2  
Hexade caf l uoroheptane see heptane , hexadeca f l uoro-
Hexadecane E 2 0 2-E 2 0 4 , E 2 0 8-E2 1 0 , 

2 3 5 -2 4 1 , E 3 7 0 , 3 7 1 - 3 7 5  
Hexadecane ( mu l t icompone nt ) 4 8 6  
1 - Hexadecanamin ium , N , N , N-tr imethy l - ,  bromide ( aqueous ) 

1 0 0  
Hexamethy l phosphoric triamide 

see pho sphoric triamid e ,  hexamethy l -
Hexane 

Hexane ( ternary ) 
Hexan e ,  1 - ch l oro-
1 - Hexano l 

( gas o i l ) see o i l , gas 
( heavy naphtha ) 

Hexatria contane 
Hydrocarbon bl end 
Hydrocarbon bl end 
Hydrocarbon oi 1 
Hydroch l or i c  acid 
Hydro former sti l l  bottoms 
Hydrogen ( mu l t i c omponent ) 
Hydrogen s u l f i de 

see o i l , hydrocarbon 

( mu l t icomponent ) 

Hydrogen sul fide ( ternary and mu l t i component ) 

I 

2 , 2 - Iminobi sethanol 

Iodide , sodium 
1 - I odooctane 
2 - I odooctane 

Kerosene A- 1 

s e e  ethano l , 2 , 2 -iminobis
see sodium iodide 

s e e  octane , 1 - iodo-
see octane , 2 -i odo-

K 

L 

Li pids see phospho l ipids 
Li thium chl or ide ( a queous ) 

M 

Magnesium chl oride ( aqueous ) 
Magnes ium ch l oride ( ternary ) 

Magnes ium sul fate 
see s u l furic aci d ,  magne sium s a l t  

E 2 0 2 - E 2 0 5 , 2 1 6 -2 2 2 , E3 2 0 , 
3 2 1 - 3 3 5  
4 1 4 - 4 1 7 ,  4 2 7 - 4 3 5 , 4 4 1 - 4 4 3  
6 9 1  
E 5 8 2-E 5 8 4 , E 5 9 1 ,  E5 9 2 ,  
6 1 8 , 6 2 0 , 6 2 1  
E 2 0 2-E2 0 4 , E2 1 2 ,  2 4 1  

5 5 9  

E57 , E 5 8 , 8 6  
4 9 0  
6 6 3 - 6 6 5  
E 7 5 0 , 7 5 1 - 7 5 6  
2 0 0 , 2 0 1 , 4 4 7 - 4 4 9 , 
7 5 7 - 7 6 0  

5 7 5  

E 6 8 , E6 9 ,  1 1 4 - 1 1 6  

E 6 4 , E65 , 1 0 4 
E66 , E68 , E 7 4 , E 8 0 , E8 1 ,  
1 0 6 ,  1 1 3 ,  1 4 6  

Methanami nium , N , N , N-trimethy l - , bromide ( aqueous ) 

Methane , c h l orodif l uoro
Methane , d ic h l orod i f l uoro
Methane , s u l finylbis-

E 5 9 , EGO , 9 1  
6 8 9 , 6 9 0  
6 8 8  
E7 0 2 , 7 0 5 , 7 0 6  
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Methane , sul finyl bi s- ( aqueous ) 
Methane , tetrachl oro-
Methane , trichloro-
Methano l 

System I ndex 

Methoxybenz ene see benzene , methoxy-

1 8 2  
E 6 8 5 , 6 8 6 , 6 8 7  
5 8 0  
5 8 0 , E 5 8 2-E5 8 5 ,  5 9 6 -6 0 0 , 
E 6 2 9 , 6 3 0 - 6 3 4  

Methyl acetate see acetic acid , methy l ester 
Hethyl benz ene see benz ene , methyl -
2-Methy lbutane see butane , 2-methyl -
N-Methylf ormami de see formamide , N-methyl -
1 -Methyl naphtha l ene see naphtha l ene , 1 -methyl -
3 -Methylpentane see pentane , 3 -methyl -
3-Methy lphenol see phenol , 3 -methy l -
2-Methylpropane see propane,  2-methyl -
3-Methy l - 1-butano l see 1 -butanol , 3-methyl -
4 -Methyl - 1 , 3-dioxa l an-2 -one 

see 1 , 3-dioxa l an-2-one , 4 -methyl -
1-Methy l - 2-pyrro lidone 

see 2-pyrrol idone , 1 -methyl 
Methoxy triethyl ene glycol acetate 

see ethano l ,  2 - [ 2 - ( methoxyethoxy ) -ethoxy ] - acetate 
Minera l oil see oi l ,  mi nera l 
Monoethanol amine see ethano l ,  2-amino-

N 

Naphtha lene ( multicomponent ) 
Naphthal ene , 1 -chl oro
Naphtha lene , decahydro
Naphthal ene , 1 -methy l -
Naphtha lene , 1 -methyl- ( multicomponent ) 

Naphthal ene , 1 -phenyl- (multicomponent ) 
Naphtha lene , 1 , 2 , 3 , 4-tetrahydro
Nitrobenzene see benzene , nitro
Nitrogen ( ternary and multicomponent ) 

Nitrous oxide 
Nonane 

Nonane ( ternary ) 
Nonane , 2 , 2 , 4 , 4 , 6 , 8 , 8-heptamethyl 
l-Nonano l 

0 

Octacosane 
Octadecane 
Octamethylcyc lotetras i l oxane 

see cyc lotetras i l oxane , 
Octane 

Octane ( ternary ) 

Octane ( multicomponent ) 
Octane,  1-bromo
Octane , 1 -chloro
Octane,  1 - iodo-
Octane , 2- iodo-
1 -0ctanol 
Oi l ,  aromatic ,  simulated l ight 
Oil , gas ( multicomponent ) 
Oi l ,  hydrocarbon 
Oi l ,  o l ive 
Oil , minera l 
Oxybi spropano l s ee propanol , oxybis-

5 7 9  
7 0 1  
E 4 9 7 ,  5 1 0  
E 4 9 6 , 5 0 8 , 5 4 5 - 5 4 7  

4 8 8 , 5 5 3 - 5 5 5 , 5 7 9  
5 7 9  
5 4 3 ,  5 4 4  

3 1 3 ,  3 34 , 3 3 5 ,  3 4 7 , 3 4 8 , 
4 20 - 4 35 , 6 6 3 - 6 6 5 , 6 6 7 - 6 7 1  
7 6 1 , 7 6 2  
E 2 0 2 - E2 0 4 , E2 0 7 ,  2 3 0 , E 3 4 9  
3 5 5 - 3 5 9  
5 5 2  
E2 1 3 , 2 4 2  
E 5 8 2-E5 8 4 , E 5 9 3 , 6 2 6  

E20 2-E2 0 4 , E 2 1 1 ,  E 2 1 2 ,  2 4 1  
E202-E2 0 4 , E2 1 0 ,  2 4 0 , 2 4 3  

octamethy l -
E 2 0 2 - E2 0 4 , E 2 0 6 , 2 2 5  
2 2 7 , 2 2 8 , E3 4 9 ,  3 5 0 - 3 5 2  
3 9 7 - 3 9 9 ,  4 0 7 - 4 0 9 , 4 1 2- 4 1 7  
4 4 4 - 4 4 6  
5 7 9  
6 9 7  
6 9 8  
6 9 9  
7 0 0  
E 5 8 2 - E5 8 4 , E5 9 2 ,  6 2 3 - 6 2 5  
5 7 8 , 5 7 9  
4 8 9 , 5 6 0  
5 5 7 , 5 5 8  
7 3 4  
5 6 9  



Paraffin o i l  
Paraf f in wax 
Pentadecane 
Pentane 

p 

Pentane ( ternary ) 

Pentane , 3 -methyl
Pentane , 2 , 2 , 4-trimethy l -
1 -Pentano l 

2 , 5 , 8 , 1 1 , 1 4 -pentaoxapentadecane 

System Index 

5 8 0  
5 7 0  
E 2 0 2 -E2 0 4 , E2 0 8 , 2 3 5 
E 2 0 2 -E2 0 4 , 2 1 6 , E 3 0 3 ,  
3 0 4- 3 1 3 ,  4 1 0 -4 1 3  
3 8 3 , 3 8 4 , 3 9 0 - 3 9 3 ,  
4 2 3 - 4 2 6  
3 3 6 1 3 3 7  
E 2 1 3 ,  2 2 9 , 3 5 3 , 3 5 4  
E 5 8 2-E5 8 4 , E 5 9 0 , E59 1 , 
6 1 5-6 1 8  
6 8 1  

Perf luoroheptane see heptane , hexadecaf l uoro-
Per f l uorotr ibutylanime 

see 1 -Butanamine,  1 , 1 , 2 , 2 , 3 , 3 , 4 , 4 , 4 -nonaf luoro-N, N-bis
( nonaf luorobutyl ) -

Petro leum 5 6 8 , 5 7 2 - 5 7 4 , 5 8 0 , 5 8 1  
Phenanthrene ( ternary ) 5 4 1 , 5 4 2  
Phenanthrene ,  9 , 1 0-dihydro- 5 5 0  
Phenol 6 7 8  
Phenol , methyl- 5 8 0 , 6 80 
Phosphol ipids 7 3 0  
Phosphori c acid , tributyl ester 7 2 7 , 7 2 8  
Phosphori c  acid , t riethy l  ester 7 2 7  
Phosphori c acid , tripropyl ester 7 2 7  
Phosphor�c acid , tri s ( 2-methyl propyl ) ester 7 2 7  
Phosphori c triamide , hexamethy l - 7 2 9  
Pinene see hept-2 -ene , 2 , 6 , 6 - trimethy l - , bicyc l o ( 3 . 1 . 1 )  
Piperidine 7 07 
Potassium bicarbonate 

s ee carbonic acid , monopotassium salt  
Potass ium carbonate 

Potass ium 
Potassium 
Potassium 
Potassium 
Potass i um 

s ee carbonic acid , dipotassium 
chloride ( aqueous ) 
chl oride ( ternary ) 
hydroxide ( aqueous ) 
iodide ( aqueous ) 
su l f ate 

salt  
E 7 9 -E8 1 , 1 6 2 , 1 6 3 - 1 6 5  
E 8 0 , E8 3 ,  E 8 4 , 1 1 3 ,  1 6 6  
E79 , 1 60 ,  1 6 1  
E 8 1  I 1 6 7  

see sul furic acid potassium salt  
1 , 2 , 3 -Propanetriol triacetate 6 7 9  

E6 1 ,  9 5  Propanaminium , N , N , N-tripropy l - , bromide 
Propane 
Propane ( multicomponent ) 

Propane , 2 , 2 -d imethy l -
Propane , 2 , 2-dimethyl- ( ternary ) 
Propane , 2 -methy l -
Propane , 2 -methyl - ( multicomponent ) 
Propane , 1 , 1  · -oxybis-
1 -Propano l ( aqueous ) 
2-Propano l 
! -Propano l ,  2-methy1 -
2-Propano l ,  l , l · oxybis-
2-Propanone 
isopropy l al cohol see 2 -propano l 
Propy lene carbonate see 1 , 3 -dioxolan-2-one , 
Pyran , 2 , 3 -dihydro-
2H-Pyran,  tetrahydro-
Pyridine 
Pyrro l i di ne 
Pyrrol idone , 1 -methy l -
Pyrro l idone , 1 -methyl- ( ternary ) 

Q 

Quino l i ne 

E2 6 6 ,  2 6 7 - 2 8 0  
1 94 ,  1 9 5 ,  3 7 8 - 3 82 
3 8 7 - 4 0 6 , 5 5 3- 5 5 6  
E3 1 4  I 3 1 5- 3 1 6  
4 1 0  
E 2 9 7 , 2 9 8 - 3 0 2  
4 8 5 - 4 9 0  
E6 4 1 ,  6 4 7  
1 7 5 
E588 , E 5 8 9 , 6 1 0 , 6 3 6  
E59 0 ,  6 1 4  
E6 4 1 , E 6 4 2 , 6 7 6  
5 8 0 ,  E6 5 5 ,  6 5 6 - 6 5 9  

4 -methyl 
E6 4 3 , 6 5 3  
E 6 4 3 , 6 5 3  
7 0 7  
7 07 
E7 1 2  I 7 1 3- 7 1 8  
9 7 1  7 1 6 -7 1 8  

7 1 0 1  7 1 1  

769 
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R 

Rabbi t  brain and b l ood and s a l ine sol ution 7 3 1  
Rat abdominal muscle  7 3 5  

s 

Santowax R 5 6 7  
SDS see s u l furic acid , monododecyl ester , sodium s a l t  
Seawater E50 , E 5 1 , 5 2 - 5 5  
Sodium bicarbonate 

s a l t  s ee carbonic acid , monosodium 
Sodium bromide ( aqueous ) E75  I 1 4 8  I 1 4 9  
Sodium bromide ( te rnary ) 

s a l t  Sodium carbonate see carbonic acid , disodium 
Sodium chl oride ( aqueous ) 
Sodium chloride ( ternary and mul ticomponent ) 

E 6 9 - E 7 4  I 1 1 7 - 1 4 5  
E7 4 ,  E 7 5 , E 7 7 ,  E 8 1 , 
1 4 6 , 1 4 7 ,  1 5 6 , 1 6 6  

Sodium dodecy l sul fate 
see s u l furic acid , monododecyl ester , sodium s a l t  

Sodium hexy l su l fate 
s ee s u l furic aci d ,  monohexyl ester , sodium sal t 

Sodium iodide ( aqueous ) E75 , E 7 6 , 1 50 ,  1 5 1  
Sodium iodide ( ternary ) 
Sodium s u l f ate see s u l f ur i c  acid , sodium s a l t  
SRC recyc l e  solvent 5 6 6  
Squalane see tetracosane , 2 , 6 , 1 0 , 1 5 , 1 9 , 2 3-hexamethyl -
Su l f inylbismethane ( ternary ) 

( ternary ) 
Sul furic acid 
Sulfuric acid 
Sul furi c acid monododecyl ester , sodium salt 

E 5 8 , E59 , 
E 7 2 , 1 5 4  

( aqueous ) 
1 8 9 - 1 9 1  

Su l furic acid monohexy l ester , sodium s a l t  ( aqueous ) 
1 8 8  

8 7 1  8 8  

1 1 3 

Sul furic 
Sul furi c 
Su l f uric 
Sul furi c 
Su l furic 

acid , 
acid , 
acid , 
acid , 
acid , 

magnesium s a l t  ( aqueous ) 
magnesium s a l t  ( ternary ) 
potas sium s a l t  ( aqueous ) 
potas sium sal t ( ternary ) 
sodium sal t ( aqueous ) 

E6 5 ,  E66 , 
E 6 6 , E 7 7 , 
E 8 1 , E 8 2 , 
E8 2 ,  1 5 5 , 
E 7 6  I E 7 7  I 
1 5 3  

1 0 5  
E 8 2 , 
1 6 8  
1 5 9  
E 7 9 , 

1 0 6 , 1 5 5  

1 5 2  

Su l f uric acid , sodium s a l t  ( ternary ) E 7 7 , E82 , 1 54 , 1 5 5 , 1 5 6  
1 59 

S u l fur d ioxide 

T 

Tar hydrocarbon ( l ow temperature ) 
Tar hydrocarbon 
Tar pheno l s  

7 6 3  

1 , 2 , 3 , 4 -Tetraazatricyc l o  ( 3 , 3 , 1 , 1 , 3 , 7 )  decane ( te rnary ) 
Tetrabutyl ammonium bromide 

s ee 1 -butanaminium, N , N , N-tributy l - , bromide 
Tetracosane , 2 , 6 , 1 0 , 1 5 , 1 9 , 2 3 -hexamethy l - E2 1 3 ,  E2 1 4 ,  2 4 7  
Tetradecane E 2 0 2-E204 , E2 0 8 , 2 3 4  
Tetraethanol ammon1um bromide 

see ethanaminium, 2-hydroxy-N , N , N-tris ( 2 -hydroethyl ) - , bromide 
Tetraethyl ammonium bromide 

s ee ethanaminium, N , N , N-triethy l - ,  bromide 
Tetrahydrofuran 

s ee furan , tetrahydro-
1 , 2 , 3 , 4 -Tetrahydronaphthal ene 

s ee naphtha l ene , 1 , 2 , 3 , 4-tetrahydro
Tetrahydro-2H-pyran 

see 2H-pyran , tetrahydro
Tetrahydroxyethy lammonium bromide 

Tetral in 

see ethanaminium , 2 -hydroxy-N , N , N-tris ( 2 -hydroxyethy l ) 
bromide 

s ee naphtha l ene , 1 , 2 , 3 , 4 - tetrahydro
Tetramethyl ammonium bromide 

s ee methanaminium , N , N , N-trimethyl - , bromide 
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Tetramethyl ene g l ycol dimethy l ether 
see 2 , 5 , 8 , 1 1 , 1 4 -Pentaoxapentadecane 

Tetrapropy l ammonium bromide 
see propanaminium , N , N , N-tripropy l - , bromide 

To luene 
see benzene , methyl

N , N , N-tributy l - 1 -butanaminium bromide 
s ee 1-butanamin e ,  N , N , N-tributy l - , bromide 

Tributy l phosphate 
see phosphoric acid , tributyl ester 

Trisobutyl pho sphate 
see phosphoric acid , tris ( 2 -methyl propyl ) 

1 , 1 , 2-Trich l oro- 1 , 2 , 2 - tri f l uoro ethane 
s ee ethan e ,  1 , 1 , 2 -trich loro- 1 , 2 , 2-tr i f l uoro 

E20 2-E2 0 4 , Tridecane 
N , N , N-triethy l e thanaminium bromide 

ester 

E 2 0 8 , 2 3 4  

see ethanamin e ,  N , N , N-tri ethy l - , bromide 
Triethyl ene g l ycol 

see ethanol , 2 , 2 ' - [ 1 , 2-ethanediylbi s - ( oxy ) ) -bis
Triethyl phosphate 

see Phosphoric acid , triethyl e ster 
1 , 3 , 5-Trimethy lbenzene 

see benzene , 1 , 3 , 5-trimethyl 
2 , 2 , 4 -Trimethylpentane 

see pentane , 2 , 2 , 4-trimethyl 
Tripropy l  phosphate 

see Phosphoric acid , tripropyl e ster 

Undecane 
1-Undecano l 
Urea ( aqueous ) 

Water 

Water-d2 

m-xyl ene 
o-xy l ene 
p-xylene 

u 

w 

X 

see benzene , 1 , 2-dimethyl
see benzene , 1 , 3 -dimethyl 
see benzene , 1 , 4 -dimethyl -

E 2 0 2-E2 0 4 , E2 0 7 , 2 3 3  
E 5 8 2-E584 , E 5 9 4 , 6 2 8  
1 7 7 , 1 7 8  

E l -EG , 7 -2 3 ,  E 2 4 -E2 8 , 
2 9 - 4 4  1 5 8 Q  
E45-E4 6 , 4 7 - 4 9  
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