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FOREWORD

If the knowledge is
undigested or simply wrong,
more i1s 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 tradi-
tional 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 func-
tion 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 fre-
quently 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 dif-
ficulty 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 specia-
lized. 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, thus obviously are superficial in treatment. Since
they command a wide market, we believe that their service to advancement
of science is at least guestionable. 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.

With the status of current secondary and tertiary services being as
briefly stated above, the innovative approach of the Solubility Data Pro-
jeet is that its compilation and critical evaluation work involve con-
solidation and reprocessing services when both activities are based on
intellectual and scholarly reworking of information from primary sources.

vii




viii Foreword

It comprises compact compilation, 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 con-
tains 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 Projeet 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, 1in
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
scilentists in it. Consolidating primary data, producing a truly criti-
cally-evaluated set of numerical data, and synthesizing data in a meaning-
ful 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 1is 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 rele-
vant 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 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 solu-
bility information appearing in the primary sources located in the litera-
ture. The evaluation 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;

(1ii) 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.

The typical data sheet carries the following information:

(iz components - definition of the system - their names, formulas
and Chemical Abstracts registry numbers;
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(ii) 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;

(iii) experimental variables;
(iv) identification of the compiler;

(v) experimental values as they appear in the primary source. When-
ever 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) experimental method used for the generation of data;
(vii) type of apparatus and procedure employed;

(viii) source and purity of materials;

(ix) estimated error;

(x) references relevant to the generation of experimental data as
cited in the primary source.

This new approach to numerical data presentation, developed during
our four years of existence, 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 15 years ago to refrain from un-
necessary publication has not achieved much. The literature is still,
in 1982,.cluttered with poor-guality articles. The Weinberg report (in
"Reader in Science Information", Eds. J. Sherrof and A. Hodina, Microcard
Editions Books, Indian Head, Ins., 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 pres-
sure 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

SDC - A%



PREFACE

This volume is concerned with the solubility of sulfur dioxide,
chlorine, fluorine and the oxides of chlorine in pureliquids, liquid
mixtures, aqueous solutions and miscellaneous fluids and fluid mixtures.
The solubility in molten salts, slags, glasses, metals, alloys and poly-
meric material have been specifically excluded from this volume. There
is always a problem in attempting to distinguish between gas solubilities
and vapor-liquid equilibria and this problem is particularly troublescome
in the case of sulfur dioxide solubilities. There is no absolute dis-
tinction between gas solubility and vapor-liquid equilibria. We have
been fairly liberal in making the distinction and have included systems
which some might classify as vapor-liquid equilibrium. The literature
has been searched up until the middle of 1981. The editor or Professor
H. L. Clever, Director, Solubility Data Center, Department of Chemistry,
Emory University, Atlanta, Georgia USA would ‘appreciate being notified
of any omissions or more recent data.

Unlike most of the previous volumes in this series concerned with
the solubility of gases in liquids, this volume deals with gases which
react with the solvent in several cases. We have not attempted to
evaluate equilibrium constants for reactions which take place in solution
because the available data are not of sufficient gquality or quantity to
make a meaningful evaluation of such constants. Despite the industrial
importance of both sulfur dioxide and chlorine, the solubility of these
gases in most solvents is not known to better than a few per cent.

Much of the data were obtained several decades ago and much of the data
in this volume is barely accurate enough for modern applications.

In many cases meaningful evaluation of the solubility data has not

been possible due to a lack of comparable data. Furthermore, in many
cases it is not clear how the quoted solubilities have been calculated
from the experimental results. Earlier in this series, Hayduk, in the

preface to the ethane volume, made a plea for inclusion of all pertinent
data used in the calculation of gas solubility in all future (original)
publications and stated that in some instances compilers and evaluators
have had to guess which data were used by the authors in their calcula-
tiin of solubility. A similar plea and statement are relevant to this
volume.

In several tables compilers have calculated solubilities not given
in the original paper. In most cases the source of additional data
needed for such calculations is given in the compiled table. The tables
given by Riddick and Bunger in Technique of Chemistry, ed. Weissberger, A,
Vol. II, Wiley-Interscience, New York, 1970, 3rd Ed. have been used but
not specifically referenced in compiled tables.

The Editor acknowledges the advice and helpful suggestions of the

@embers of the IUPAC Commission V8 on Solubility Data. Acknowledgement
is also made to the University of Melbourne for travel support under the
travel for research and special studies program. Finally, the Editor

ac?nowledges the help of Lesley Flanagan who typed the major part of this
volume.

Colin Young

Melbourne, December 1982.




THE SOLUBILITY OF GASES AND LIQUIDS
Introductory Information

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

INTRODUCTION

The Solubility Data Project 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 of
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 often 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 subject 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 necessary to use several quantities in the compiled tables.
Where possible, the gas solubility has been quoted as a mole fraction

of the gaseous component in the ligquid 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 pressures.
Although a considerable number of systems have been studied by at least

two workers, the range of pressures and/or temperatures is often suffi-
ciently different to make meaningful comparison impossible,

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 beengiven,
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”.

Xi



Xii Introduction

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,

it is possible 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 possible 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 esitimated 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(qg)
n{g) + n(l)

= W(g}/M(qg)
TWZg$7MZg§F F AW /M7
he;e 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

wtg = 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 specified. The
weight per cent solubility is related to the mole fraction solubility by

x(g) = {wts/M(qg)}
{wte/M(g)} + { (100 - wt%)/M(1)}

The Weight Solubility, Cy,

The weight solubility is the number of moles of dissolved gas per gram of
solvent when the partial pressure of gas is 1 atmosphere. The weight
solubility is related to the mole fraction solubility at one atmosphere
partial pressure by

c, M)

x{(g) (partial pressure 1 atm)
1 + CWM(l)
where M(1l) is the molecular weight of the solvent.

The Moles Per Unit Volume Solubility, n

Often for multicomponent systems the density 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 v° (1)
T + n vO(1l)

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

The Bunsen Coefficient, o

The Bunsen coefficient is defined as the volume of gas reduced to 273.15K
and 1 atmosphere pressure which is absorbed by unit volume of solvent (at
the temperature of measurement) under a partial pressure of 1 atmosphere.
If ideal gas behavior and Henry's law are assumed to be obeyed, then

_ V(g) 273.15
o V(%S =T

where V(g) is the volume of gas absorbed and V(1) is the original (starting)

volume of absorbing solvent. The mole fraction solubility x is related to
the Bunsen coefficient by

x(g, 1 atm) = !
+ 273.15 v9(q)

a
v .

o
where v®(g) and v°(1l) are the molar volumes of gas and solvent at a pressure
of one atmosphere. TIf the gas is ideal,

[s ]
273.15R
vP (1)

x(g) =

o+

Real gases do not follow the ideal gas law and it is important to establish
the real gas law used for calculating o 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 273,15K 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:

- 15

If 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

-1
x(g) = —————-526——— + 1
P(g) L v (1)

where P is the partial pressure 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 273.15K and 1 atmosphere,
absorbed per unit volume of liquid when the total pressure is 1 atmosphere.
B is related to the Bunsen coefficient by

B = af{l - P(1))
where P(1) 1s the partial pressure of the liquid in atmospheres.

The Henry's Law Constant

A generally used formulation of Henry's Law may be expressed as
P(g) = Kyx(g)

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

P(g) = K,C(1) or cl(g) = K C(1)

where K, and K are constants, C the concentration, and (1) and (g) refer to
the liquid and gas phases. Unfortunately, KH' K, and X, are all sometimes
referred to as Henry's lLaw constants, Henry's Law is a £imiting 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~-

;ion 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 0.0l mole fraciton at a partial
pressure of 1 atmosphere there are several additional factors which must
be t§ken into account to unambiguously report gas solubilities. 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/273.15)
Cw = u/Vop 6( )
_ 17.033 x 10 plsoln
KH = % ML) + 760
L = CW Vt'qéip

where Vo is the molal volume of the gas in cm3mol-1 at 0°C, p the density

of the solvent at the temperature of the measurement, °soln the density

of the solution at the temperature of the measurement, and vy gas the
3 4

molal volume of the gas (cm mol-l) 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

kggo/mol dm™2 = (1/(ey/mol dm™3)) log ((cf/mol am™>)/(c;/mol dm™3))

where the molar gas solubility ratio, c?/c,, is identical to the Bunsen
coefficient ratio, a°/a, or the Ostwald coefficient ratio, L°/L. One can

designate the salt effect parameters calculated from the three gas
solubility ratios as k§cc’ k o kscL’ respectively, but they are

-Fc
scc/dm mol

to the solubility in the pure solvent.

identical, and k describes all of them. The superzero refers

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 b

K gmm/ k9 mol™l = (1/(m,/mol kg-l) log ((m}/mol kg-l)/(m,/mol kg-l)

In this equation the mj/m; ratio is identical to the Kuenen coefficient
ratio, A?/A,, or the solvomolality ratio referenced to water, A
Thus the salt effect parameters k

o
Am/Aém'
smm’ ksms' and ksmAém are well
represented by the kg /kg mo1l™L,

Some experimentalists and theoreticians prefer the gas solubility ratio as
a mole fraction ratio, x?/x,. It appears that most calculate the mole
fraction on the basis of the total number of ions. The salt effect
parameters

kscx/dm3 mo1™! = (1/(cy/mol an™3)) log (x§/x;)
and
K gmx/X9 mo1™ = (1/(m,/mol ka™1)) log (x3/x;)

are both in the literature, but kscx appears to be the more common.
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Introduction

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 = (QZ/mZ) Kece = (CZ/mZ) ksem * Flm

keem = ¥sce = Fre = (Mp/eg) kgpe = Fro = (Mp/eg) Kgpp
Ksex = (mZ/CZ) ksmx = (mZ/CZ) ksmm + F2c

Kemm = Kemx = Fom = (€2/mp) Rgey = Fop

Kemx = (eg/my) keox = (CZ/MZ) Ksee * F3m

k =

sce = Xgex = T30 = (mp/eg) kgpy = Fso

where

Fim = (1/my) log [(p°/p) (1000 + m,M,)/1000]
Fro = (mp/eg) Fyp

Fzm = (1/m2) log [(1000 + vmg M3)/1000]

Foe = (mgley) Fop

F3m = (l/mz) log [(1000p + (vM3-M2) cz)/1000p°)

Fzo = (mg/eg) Fay

The factors Flm’ Flc' FZm' FZc' 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
¢/mol am™3 m/mol kc_;_1 X M/g mo1 ™t

Nonelectrolyte c;, g my, my x;, X4 M,

Electrolyte ¢y my Xy Mz

Solvent s mg X3 M3

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

The following table gives estimated errors in k
concentrations and a range of random errors in

for various salt

S€C the gas solubility

measurement 3 -13
Error in kscc/dm mol
cz/ -3 Random Error in gas solubllity Measurement
mol dm 2% 1% 0,58 10,12 10,058
1 +18% 9% 5% +1.5% 1%
0.1 3175% 187% +43% 9% 4%
0.05 +350% +174% +87% +17% +9%
0.01 +1750% 1870% +435% 87% +43%
a

Based on a kscc value of 0.100.
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AQUAMOLAL OR SOLVCMOLAL, AAm or Wiél .

The term aguamolal was suggested by R. E. Kerwin (9). The unit was first
used in connection with D,0 and H,0 + D,0 mixtures. It has since been

extended in use to other solvents. The unit represents the numbers of
moles of solute per 55.51 moles of solvent. It is represented by
mié)/mol kg"1 = (”IMZ/WZ)(WZ/MO) = mi(MZ/Mo) where an amount of n; of
solute {4 is dissolved in a mass Wy of solvent of molar mass Mz; Ma is
1.,
is the

conventional molality in the reference solvent. The reference solvent
is normally water.

the molar mass of a reference solvent and mi/mol kg~

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

In x= A+ B / (T/100K) + C In (T/100K) + DT/100K

It is_then possible to write the thermodynamic functions AG?, Aﬁi,
and ACP for the transfer of the gas from the vapor phase &t

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

ASi

AG? = -RAT - 100 RB - RCT 1n (T/100) - RDT2/100

45y = RA + RC ln (T/100) + RC + 2 RDT/100
AR = -100 RB + RCT + RDTZ/100
AC® = RC + 2 RDT/100

Py

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

Aai = = RT ln x = A + BT
in which case A = AH° and -B = Kgi
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Sulfur Dioxide Solubilities

COMPONENTS: EVALUATOR:

1. Sulfur dioxide; SO03; Colin L. Young,
[7446-09-5] School of Chemistry,

University of Melbourne,

2. Miscellaneous compounds of Parkville, Victoria 3052,
similar volatility to sulfur Australia.
dioxide. . March 1982

EVALUATION:

In general measurements generally referred to as vapor-liquid
equilibrium determinations are not considered in the Solubility Data
Series since it is necessary to limit the scope of the mixtures considered.
Many studies of mixtures containing sulfur dioxide, which has a boiling
point of 263 K are usually classified as vapor-liquid equilibrium deter-
minations rather than gas solubility measurements.

Below is a list of systems which have been excluded from the
compilation on the grounds that

(a) the experimental method was such that it was
only suitable if both components were of similar
volatility;

(b) the data were presented only in graphical form;

(c) the vapor pressure of the two pure components
did not vary by a factor greater than three at
the temperature of the measurements.

The list, which includes vapor-liquid equilibrium determinations,
is given so that the user of this volume can refer to the original
article if further information is required.

Solvent Reference
1,2,3-Trichloropropane C3HsCl; [96-18-4] 1
1,2-Dichloropropane C3HgCl, f78-87-5] 1
Tetrachloromethane CCl, [56-23~5] 1
Trichloromethane CHC1, [67-66-3] 1
Dichloromethane CH,Cl1, [75-09-2] 1,2
Tetrachloroethene C,Cl, [127-18-4] 1,6
1,1,2-Trichloroethene C2HC1, [79-01-6] 1
1,1-Dichloroethene C2H,C1, {75-35-4] 1
¢i8~1,2-Dichloroethene * C2H,C1, [156-59-2] 1
trans-1,2-Dichloroethene C2H,C1, [156-60-5] 1
1,1,2,2-Tetrachlorocethane C,H,C1, [79~-34~=5] 1
1,1,2-Trichlorocethane CyH3Cl, [79-00-5] 1
1l,1,1-Trichloroethane C3H;3Cl, [71-55~6] 1
1,1-Dichloroethane C2H,Cl, [75-34-3] 1
1,2-Dichloroethane \ C,H,Cl, [107-06-2] 1,2
2-Chloropropane C3H,Cl [75-29-6] 1
1,4-Dichlorobutane CyHgCl, [110-56-5] 1
2-Chlorobutane Cy,HsCl [78-86~4] 1
1-Chloro-2-methylpropane CLyH4Cl [513-36-0] 1
2-Chloro-2-methylpropane C,HeCl [507-20-0] 1
Chloromethane CH;Cl [74-87-3] 3
Chloroethane C2HsC1 [75-00-3] 3
1-Chloropropane CiH,CL [540-54-5] 3
1-Chlorobutane C,HoCl [109~-69-3] 3
1-Chloropentane CsH;,CL [543-59-9] 3
1-Chlorohexane Ce¢H,; 3Cl [544-10-5] 3
1-Chloroheptane C7H,5Cl [629-06-1] 3
Thionyl chloride Cl,0s8 {7719-09-7] 3
Sulfuryl chloride Cl;0,8 [7791-25-5] 3
2-Methyl-l-propene CyHs [115-11-7] 4
3-Methyl-l-butene CsHio [563-45-1] 5
Hydrogen fluoride HF [7664~39-3] 7
Benzenamine (Aniline) C¢H7N [62-53~3] 8

{(cont.)




Sulfur Dioxide Solubilities

COMPONENTS:

1. Sulfur dioxide; 8S0,;
[7446-09-5]

2. Miscellaneous compounds of
similar volatility to sulfur
dioxide.

EVALUATOR:

Colin L. Young,

School of Chemistry,
University of Melbourne,
Parkville, Victoria 3052,
Australia.

March/1982

In addition to the above systems the work of Komissarov et aZ.'(QQ
have not been compiled. These workers studied the system sulfur dloglde
+ oxygen + tetradecane. It is, however, not clear as to what conditions

the reported numerical data refer,
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Water

COMPONENTS : EVALUATOR:
1. Sulfur dioxide; SO0;; Rubin Battino,
[7446-09-5] Department of Chemistry,
Wright State University,
2. Water; H,0; [7732-18-5] Dayton, Ohio 45435, U.S.A.
July 1981

CRITICAL EVALUATION:

For this critical evaluatdon of the solubility of sulfur dioxide
in water at around atmospheric pressure, we examined the literature from
1855 until the present. Surprisingly, the earliest work (1) (that of
Schdnfeld as reported by Bunsen in several papers) is very close to the
best modern values — in the middle of the temperature range studied
(273-313 X). These early results are within 2-4 per cent of the values
to be recommended in this section.

Reactive gases like sulfur dioxide pose a special problem with
respect to gas solubilities. S0, (g) is in equilibrium (at saturation)
with S0, (ag), but the S0:(aq) is also in equilibrium with other species
in solution. The solubilities reported here as mole fractions at
101.325 kPa partial pressure of gas are bulk solubilities, i.e., they
are taken as if all of the SO;-containing species in solution were simply
50, (aq) . There are many papers dealing with the remaining ionization
and equilibrium constants,

Many of the measurements made on sulfur dioxide solubilities were
carried out at different partial pressures. Due to the high solubilities
(mole fractions at 101.325 kPa partial pressure of gas of 0.003 to 0.06)
exhibited by this system and the chemical interactions involved, the
system does not obey Henry's law even over relatively small extrapolations.
We limited our interpolations to within about 13 kPa either side of
101.325 kPa.

Of the more modern determinations we judged the work of four
workers to be sufficiently reliable to use for smoothing via least squares
analysis. Individual data points which were more than about two standard
deviations from the smoothed values were rejected. Thus, 24 points were
used for the final smoothing and were obtained as follows (reference —
number of data points used from that reference): 2-10, 3-8, 4-1, 5-5.

The best fit for the 24 points is

In x; = -25.26286 + 45.75521/(T/100K) + 5.685450 1n (T/100K)

where %; is the mole fraction solubility at 101.325 kPa partial pressure
of gas. The standard deviation in x; was 1.7 x 10~* or about *1.8 per
cent at the mid-range of 283 to 380 K. The following table gives the
recommended smoothed values of the mole fraction and the Ostwald coef-

ficient at 5 K intervals calculated from the above equation. (Thermo-
dynamic properties are not presented - due to the complexity of the
aqueous solution. They would be meaningless.)

T/K z,2 1P T/K 10%z,2 P
278.15 0.0499 66.6 333.15 9.22 13.9
283.15 0.0413 55.6 338.15 8.19 12.5
288.15 0.0345 46.9 343.15 7.31 11.3
293.15 0.0290 39.8 348.15 6.55 10.2
298.15 0.0246 34.1 353.15 5.90 9.27
303.15 0.0210 29.5 358.15 5.33 8.47
308.15 0.0180 25.6 363.15 4.84 7.76
313.15 0.0156 22.4 368.15 4.41 7.14
318.15 0.0136 19.7 373.15 4.03 6.59
323.15 0.0119 19.7 378.15 3.70 6.10
328.15 0.0104 15.5 383.15 3.40 5.66

2 Mole fraction solubility at 101.325 kPa partial pressure of gas.

b Ostwald coefficient. (cont.)




4 Sulfur Dioxide Solubilities

COMPONENTS : - | EVALUATOR:

1. Sulfur dioxide; 80;; Rubin Battino,
[7446~09~5] 4 Department of Chemistry,
Wright State University,
2. Water; H,0; .[7732-18-5] Dayton, OChio 45435, U.S.A.
July 1981

CRITICAL EVALUATION:

The results of several workers were not used in the smoothing
process. Bunsen/Schénfeld's early measurements (1) were surprisingly
good at the middle of their temperature range of 273 to 313 K but differed
strongly at the extremes. Sims' early work (6) ranged 4-5 per cent high
and low. Fox's two values (7) were high and very high. Lindner's
values (8) were all at lower pressures. Baume and Tykociner's values at
three temperatures (9) were very high when interpolated to 101,325 kPa.
Smith and Parkhurst's results (10) were erratically low and high. Oman's
results (11) were very low at all temperatures he investigated (313-368 K).
The interpolated Maass and Maass results (12) were over 10 per cent low.
The interpolated Morgan and Maass (13) results were also quite low (4-7
per cent). The extrapolared value for Conrad and Beuschlein (14) £from
data over a pressure range of 41 to 97 kPa at 298 K was low. Johnstone
and Leppla's results (l5) were at too low pressures to be reasonably
extrapolated. Otuka's results (16) were mostly at pressures above
atmospheric and not readily extrapolated. Parkinson's determinations
(17) were at rather low partial pressures of sulfur dioxide (0.08-3.5 kPa).
The Bodor et al. (18) results were quite low (7-14 per cent) after extra-
polation and interpolation to 101.325 kPa. Tokunaga's measurements (19)
were of reasonable precision but systematically higher than the recommended
values. Douabul and Riley's results (20) were 6 to 14 per cent higher
than the recommended values. Byerley et al.'s two values (21) were 8
and 12 per cent low. Vosolsobe et al.'s results (22) were at too low
pressure to be extrapolated. Sano and Nakamoto's value agrees with the valud
in the table. This system awaits a definitive study.
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Water

COMPONENTS : EVALUATOR:

1. Sulfur dioxide; S02; [7446~09-5] Rubin Battino,
Department of Chemistry,

2. Water; H,0; [7732-18-5] Wright State University,
Dayton, Ohio 45435, U.S.A.
July 1981

CRITICAL EVALUATION:
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6 Sulfur Dioxide Solubilities

COMPONENTS :
1. Sulfur dioxide; 80,; [7446-09-5]

Bunsen, R.

ORIGINAL MEASUREMENTS:

Ann. 1855, 93, 1-50.
2. Water; H,0; [7732-18-5] (Schdnfeld, M. Ann. 1855,
93, 26).
VARIABLES : PREPARED BY:
T/K = 273-313 R. Battino
EXPERI)ENTI;I‘J VALUES: ab o"c/cma (STP) s - ccc/cm3 (STP)
t/°c  TY/K z, <! em™? atm™! t/°c TY/K Tl cm~? atm™!
0 273 0.0525 68.861 21 294 0.0274 34.989
1 274 0.0511 67.003 22 295 0.0266 33.910
2 275 0.0498 65.169 23 296 0.0258 32.847
3 276 0.0485 63.360 24 297 0.0250 31.800
4 277 0.0472 61.576 25 298 0.0242 30.766
5 278 0.0459 59,816 26 299 0.0234 29.748
6 279 0.0446 58.080 27 300 0.0227 28.744
7 280 0.0434 56.369 28 301 0.0219 27.754
8 281 0.0421 54.683 29 302 0.0212 26.780
9 282 0.0409 53.021 30 303 0.0204 25.819
10 283 0.0397 51.383 31 304 0.0197 24,873
11 284 0.0385 49.770 32 305 0.0190 23.942
12 285 0.0373 48.182 33 306 0.0183 23.025
13 286 0.0361 46.618 34 307 0.0176 22,122
14 287 0.0350 45.079 35 308 0.0169 21.234
15 288 0.0339 43.564 36 309 0.0162 20.361
16 289 0.0327 42.073 37 310 0.0155 19.502
17 290 0.0316 40.608 38 311 0.0149 18.658
18 291 0.0306 39.165 39 312 0.0142 17.827
19 292 0.0295 37.749 40 313 0.0136 17.013
20 293 0.0283 36.216

a
b

Calculated by compiler.

C Bunsen coefficient.

Mole fraction solubility at 101.325 kPa partial pressure of gas.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Analysed chemically. This is
really Schonfeld's data (1) as
cited by Bunsen. Data were
smoothed by Schdnfeld.

No details given.

SOURCE AND PURITY OF MATERIALS:

ESTIMATED ERROR:
So/a = +0.03 (compiler's estimate).

REFERENCES ;

Ann,

1. Schdnfeld, M.

1855, 93, 26.




Water .

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO0;; Sims, T. H.
[7746-09-5] J. Chem. Soe.
2. Water; H;0; [7732-18-5] 1862, 14, 1-22.
VARIABLES: PREPARED BY:
T/K = 281~-323 R. Battino
EXPERIMENTAL VALUES:
£3/0¢ ™ /% 2,2 Solubility® Solubility®
(volume) (weight)
8 281.2 0.0451 58.7 0.168
10 283.2 0.0415 53.9 0.154
12 285.2 0.0384 49.6 0.142
14 287.2 0.0353 45.6 0.130
16 289.2 0.0329 42.2 0.121
18 291.2 0.0305 39.3 0.112
20 293.2 0.0284 36.4 0.104
22 295.2 0.0268 34.2 0.098
24 297.2 0.0252 32.3 0.092
26 299.2 0.0239 30.5 0.087
28 301.2 0.0228 28.9 0.083
30 303.2 0.0215 27.3 0.078
32 305.2 0.0201 25.7 0.073
34 307.2 0.0190 24.3 0.069
36 309.2 0.0180 22.8 0.065
38 311.2 0.0171 21.6 0.062
40 313.2 0.0160 20.4 0.058
42 315.2 0.0152 19.3 0.055
44 317.2 0.0147 18.4 0.053
(cont.)

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

The experimental method is similar
to that of Roscoe (1).

Accurate analysis was used to
determine the quantity of gas
absorbed by a known weight of
water under known conditions of
The
Details

temperature and pressure.
analysis was iodimetric.
are given in the paper.

SOURCE AND PURITY OF MATERIALS:

1. Evolved from sulfuric acid and
copper and washed with water

before freezing into a container.

No details given.

ESTIMATED ERROR:
Solubility/Solubility =
{compiler's estimate).

0.03

REFERENCES :

l. Roscoe, H. E.
J. Chem, Soe.
1855, &8, 14.




Sulfur Dioxide Solubilities

COMPONENTS::
1, Sulfur dioxide; 850,;
[7746-09-5]
2. Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS

Sims, J. H.
J., Chem, Soec.
1862, 14, 1-22.

EXPERIMENTAL VALUES:

£3/°C /K PRI Solubilityd Solubility®
(volume) (weight)
46 319.2 0.0139 17.4 0.050
48 321.2 0.0130 16.4 0.047
50 323.2 0.0125 15.6 0.045

These are smoothed values presented by Sims at 2 K

intervals. The smoothed values are based on
extensive pressure-dependent measurements at 7, 20,

39.8, and 50 °cC.

partial pressure of 760 mmHg.

They were calculated for an SO,
The pressure range

at each temperature ranged from about 27 to 2000
mmHg, so the smoothed values at 760 mmHg are inter-

polations.

pressure of gas.

Calculated by compiler.

Solubility in cm?® s0,/g H,O0.
Ostwald coefficient.

Solubility in g S0,/g H,0.

Mole fraction solubility at 101.325 kPa partial

Effectively an

Mole fraction solu-

bilities were calculated from the values in this

column.




Water -

COMPONENTS :

ORIGINAL MEASUREMENTS: i

1. Sulfur dioxide; SO,; [7446-09~5] Fox, C.J.J.

2. Water; H,0; [7732-18-5] Z. Phys. Chem. 1902, 41, 458-482.

VARIABLES :

Temperature

PREPARED BY:
C.L. Young

EXPERIMENTAL VALUES:

Partial pressure = 0.101325 MPa

T/K Ostwald coefficient, Mole fraction of
L sulfur dioxide, €
- %350,
298.2 32.762 0.0257
308.2 22.43 0.0178

a
average of 6 values.

b average of 5 values.

(o]

calculated by compiler assuming ideal gas

molar volume for sulfur dioxide.

AUXILIARY INFORMATION ”

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

Sulfur dioxide was passed through the 1. Purity 99.8 mole per cent
water until saturated at the barom- major impurity water.

etric pressure. After saturation

a sample of solution was analysed, 2. Conductivity grade.

the amount of sulfur dioxide being
determined by iodine-thiosulfate

titration.

ESTIMATED ERROR:

=
6x502 +3%

REFERENCES ;
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Sulfur Dioxide Solubilities

interest only.

complicated method, of historical

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; 80.; Lindner, J.
[7446-09-5] Monateh.
2. Water; H20; [7732-18-5] 1912, 33, 613-672.
VARIABLES : PREPARED BY:
Temperature, pressure C. L. Young
EXPERIMENTAL VALUES:
Solubility
T/K p/mmHg p/kPa /(g(soz)/lo2 ecm® (sat.soln.)
273.2 0.4 0.05 0.0537
3.5 0.47 0.237
29.4 3.92 1.227
109.4 14.59 3.804
293.2 1.4 0.19 0.0534
11.75 1.57 0.234
87.9 11.72 1.212
313 41.7 3.750
323.2 4.9 0.65 0.0525
30.5 4.07 0.2276
204.5 27.26 1.181
696 92.8 3.628
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Manometric method. Fairly

No purity data given.

ESTIMATED ERROR:

REFERENCES ;




Water ~

1"

COMPONENTS :

1. Sulfur dioxide; SO,; [7446-09-5]

ORIGINAL MEASUREMENTS:

Smith, W.T.; Parkhurst, R.B.

2. Water; H,0; [7732-18-5] J. Am. Chem. Soc. 1922,44, 1918-1927
VARIABLES: PREPARED BY:
Temperature, pressure C.L. Young
EXPERIMENTAL VALUES:
Partial pressure Wt. of S0, Mole fraction
T/K of sulfur dioxide per 100 cm® of sulfur
p/mmHg p/kPa water /g dioxide, %50,
278.2 474.8 63.30 11.55 0.0315
293.2 198.6 26.48 2.97 0.00828
224.4 29.92 3.34 0.00931
366.6 48.88 5.22 0.0145
1107.8 147.69 15.01 0.0405
313.2 306.4 40,85 2.21 0.00618
373.8 49.84 2.68 0.00748
333.2 175.7 23.42 0.84 0.00236

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Static system in which water was
saturated with sulfur dioxide at
stated pressure. Samples of
saturated solutions analysed by
iodine~-thiosulfate titration.
Details in source.

2. Degassed.

SOURCE AND PURITY OF MATERIALS:

1. Virginia Smelting Co. sample.

ESTIMATED ERROR:

§T/K = +0.1;

8 = %5%

%50,

(estimated by compiler)

REFERENCES:;




12 Sulfur Dioxide Solubilities

COMPONENTS: ~ ~ ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO0;; Hudson, J. C.
[7746-09-5] J, Chem. Soc.
2. Water; H20; [7732-18-5] 1925, 1332-1347.
VARIABLES: PREPARED BY:
Temperature C. L. Young

EXPERIMENTAL VALUES:

Mole fraction of
sulfur dioxide,

Total Partial Solubility xsoz
*

T/K pressure pressure 53 Sf at a partial
P/mmHg  p/mmHg p/kPa pressure of 101.3 kPa

283.15 777.3 764.2 101.9 15.53 15.44 0.04162
776.3 767.1 102.3 15.50 15.36 0.04141
776.3 767.0 102.3 15.58 15.44 0.04162
775.4 766.2 102.2 15.48 15.36 0.04141
766.2 757.0 100.9 15.28 15.32 0.04131

288.15 769.5 757.6 101.0 12.72 12.76 0.03464
772.5 760.6 101.4 12.75 12.74 0.03459
769.5 757.6 101.0 12.64 12.68 0.03443

293.15 787.7 771.3 102.8 10.79 10.63 0.02903
773.3 765.9 102.1 10.61 10.66 0.02911
778.6 762.2 101.6 10.68 10.64 0.02905
779.1 762.7 101.7 10.65 10.61 0.02898
773.9 757.5 101.0 10.64 10.68 0.02916

303.05 798.5 768.5 102.5 7.640 7.554 0.02080
789.4 759.4 101.2 7.600 7.607 0.02095
791.0 761.0 101.5 7.610 7.600 0.02093
800.9 770.9 102.8 7.674 7.565 0.02083

313.15 800.9 747.3 99.63 5.428 5.520 0.0152¢9
801.4 747.8 99.70 5.441 5.529 0.01531
798.1 744.5 99.26 5.406 5.516 0.01528

(cont.)
AUXILIARY INFORMATION

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

Sulfur dioxide was bubbled through 1. Obtained from a cylinder; the

water in a thermostatted tube. purity was stated to be high,

Mercury manometer used to measure the major impurity being water,

total pressure at sautration. After less than 0.4%.

saturation, tube weighed and sulfur

dioxide content determined by 2. No details given.

oxidation with hydrogen peroxide in
sodium hydroxide solution and the

ESTIMATED ERROR:
§T/K = +0.1; dp/mmHg = %0.2;

dxsoz = +0,001 (estimatgd by
compiler).

gravimetric estimation of sulfate
as barium sulfate. The partial
pressure of sulfur dioxide was

calculated assuming partial pressure REFERENCES :
of water could be calculated from
Raoult's Law.
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COMPONENTS :

1. Sulfur dioxide; SO,;
[7746-09-5]

2. Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Hudson, J. C.
J. Chem. Soec.
1925, 1332-1347.

EXPERIMENTAL VALUES:

Mole fraction of

Total Partial Solubility sulfur dioxide,
T/K pressure pressure * # *s0
Sy So at a partial
P/mmHg p/mmHg p/kpa pressure of 10l.3 kPa
313.15 816.7 763.1 101.7 5.593 5.569 0.01542
815.7 762.1 10l.6 5.585 5.555 0.01538
815.7 762.1 101.6 5.581 5.550 0.01537
321.30 799.0 717.0 95.59 4,147 4,395 0.01221
801.5 719.5 95,93 4.132 4.365 0.01213
794.3 712.3 94,97 4,108 4,382 0.01217
840.9 758.9 101.2 4,409 4,415 0.01226
333.15 881.5 735 98.0 3.151 3.257 0.009077
894.5 748 99,7 3.192 3.244 0.009041
894.5 748 99.7 3.215 3.268 0.009107
886.5 740 98.7 3.142 3.220 0.008975
343.15 897 666.5 88.86 2,278 2,598 0.007254
892.5 662 88.3 2,277 2.614 0.007298
893 662.5 88.33 2.300 2.637 0.007362
892 661.5 88.19 2,251 2.585 0.007218
353,15 883 531.5 70.86 1.496 2.139 0.005980
883 531.5 70.86 1.490 2,131 0.005958
958 606.5 80.86 1.704 2,130 0.005955
967 616 82.1 1.714 2.114 0.005910
363.15 893 378 50.4 0.901 1.801 0.005040
954.3 439.5 58.60 1.037 1.785 0.004995
960 439 58.5 1.056 1.829 0.005118

#

* g of SO, per 100 g of water at stated pressure.

g of S0, per 100 g of water at pressure of 101.3 kPa.
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Sulfur Dioxide Solubilities

COMPONENTS = ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0;; [7446~09~5] Maass, C.E.; Maass, O.
2. Water; H,0; [7732-18-5] J. Am. Chem. Soe. 1928, 50,
1352~1368.
VARIABLES: PREPARED BY:
Temperature, pressure C.L. Young

EXPERIMENTAL VALUES:

T/K Total Pressure Mass % Mole fraction of
pr/cmHg p/10%Pa of 80, sulfur dioxide, g0,
283.2 24.3 3.24 4,57 0.0133
45,2 6.03 8.19 0.0245
67.4 8.99 11.64 0.0357
87.4 11.65 14.75 0.0464
124.5 16.60 18.91 0.0615
128.8 17.17 19.86 0.0652
154.3 20.57 23.10 0.0779
289.7 31.0 4.13 4,48 0.0130
57.2 7.63 8.03 0.0240
84.4 11.25 11.42 0.0350
111.4 14.85 14.31 0.0449
151.9 20.25 18.57 0.0603
156.0 20.80 19.52 0.0637
188.4 25.12 22.71 0.0763
295.2 37.8 5.04 4.40 0.0128
69.3 9.24 7.88 0.0235
102.2 13.63 11.17 0.0342
132.6 17.68 14.04 0.0439
178.3 23.77 18.22 0.0590
186.1 24.81 19.14 0.0624
222.2 29.62 22.32 0.0748
298.2 66.2 8.83 6.9 0.0204
246.9 32.92 22.4 0.0751
300.2 44.8 5.97 4.32 0.0125
81.0 10.80 7.71 0.0230

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The vapor pressure of solutions
containing a known amount of sulfur
dioxide were measured.

SOURCE AND PURITY OF MATERIALS:

1. Commercial sample, dried
and distilled several times
in vacuo.

2. Degassed.

ESTIMATED ERROR:

§T/K = £0.1; Sag ) = £2%
2
(estimated by compiler)

REFERENCES ;




of 101.3 kPa.

Calculated by compiler for a partial pressure of sulfur dioxide

Water - 15
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO,; [7746-09-5] Maass, C.E.; Maass, O.
2. Water; H,0; [7732-18-5] J. Am. Chem. Soe. 1928,50,
1352-1368.
EXPERIMENTAL VALUES:
T/K Total Pressures Mass % Mole fraction of
p/cmHg r/10%Pa of SO, sulfur dioxide, 30,
300.2 118.3 15.77 10.95 0.0334
152.8 20.37 13.74 0.0429
206.9 27.58 17.85 0.0576
255.6 34.08 21.86 0.0729
= a
T/K so,
283.2 0.03838
290.0 0.03053
295.2 0.02518
298.2 0.02157
300.2 0.02141
a

SDC - B



16 Sulfur Dioxide Solubilities

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; 50;; Morgan, O. M.; Maass, O.
[7746-09-5] Can. J. Res.
2. Water; H,0; [7732~18-5] 1931, 5, 162-99.
VARIABLES : PREPARED BY:
T/K = 273-298" R. Battino
EXPERIMENTAL VALUES:
P/cm Hg P2 /kPa 3 50,° P/cm Hg P%/kpa $ 50,°
t/°C =0 T/K = 273 t/°C = 18 T/K = 291
0.17 0.23 0.1369 0.32 0.43 0.0816
0.63 0.84 0.3374 1.10 1.47 0.2605
1.97 2.63 0.8888 2.68 3.57 0.5563
6.05 8.07 2.284 5.92 7.89 1.103
11.55 15.40 3.978 14.83 19.77 2.458
17.30 22.06 5.597 26.66 35.54 4.150
29.21 38.94 8.630 39.01 52.01 5.773
41.63 55.50 11.52 51.44 68.58 7.340
55.02 73.35 14.23 63.69 84.91 8.831
76.04 101.38 10.30
t/°C = 10 T/K = 283 t/°C = 25 T/K = 298
0.35 0.47 0.1267 0.79 1.05 0.1735
1.00 1.33 0.3414 3.42 4,56 0.5448
2.12 2.83 0.6360 7.37 9.83 1.056
4.71 6.28 1.261 13.61 18.15 1.809
10.98 14.64 2.593 25.28 33.70 3.116
19.52 26.02 4,256 40.00 53.33 4.672
28.37 37.82 5.872 55.00 73.33 6.184
46.62 62.15 8.937 69.88 93.17 7.640
64.18 85.57 1l1.68 81.17 108.22 8.756
73.58 98.10 13.03
(cont.)

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The amount of sulfur dioxide

dissolved was determined via
conductivity measurements.

SOURCE AND PURITY OF MATERIALS:

1. From Ansul Chemical Co.,
Marinette, Wisconsin.
Distilled three times.

"Conductivity water".

ESTIMATED ERROR:
8% 502/% S0, = *0,05
(compiler's estimate).

REFERENCES;
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COMPONENTS : ORIGINAL MEASUREMENTS:

1. Sulfur dioxide; 50,; Morgan, O. M.; Maass, O.
[7746-09-5} Can. J. Res

2. Water; H,0; [7732-18-5] 1931, 5, 162-99.

EXPERIMENTAL VALUES:

a
Calculated by compiler.

Presumably a weight per cent of the total amount of sulfur dioxide
as 802 in the water.

T/K u? 2,2
283 0.01080 0.0386
291 0.00870 0.0295
298 0.00758 0.0235

Henry's law constant calculated by authors from [SO,] = Hp
where [S0,] is in mol dm~? and p is in cm Hg. These
are smoothed and averaged values.

Mole fraction solubility at 101.325 kPa partial pressure of
gas calculated by compiler from data around 101.325 kPa given
in the paper. Mole fractions calculated from the Henry's law
Constants given by the authors are quite different since for
this system H (as calculated) is concentration-dependent.




18 Sulfur Dioxide Solubilities

COMPONENTS ¢

1. Sulfur dioxide;

ORIGINAL MEASUREMENTS:

S0,; Conrad, F. H.; Beuschlein, W. L.
[7446-09-5]}
J, Am. Chem. Soc.
2. Water; H,0; [7732-18-5]
1934, 56, 2554-2562.
VARIABLES: PREPARED BY:
Pressure

C. L. Young

EXPERIMENTAL VALUES:

measuring pipet and then into a
flask containing water. The flask
was shaken until a constant total
pressure was achieved. The
pressure was measured using a
mercury manometer., The solution
was analysed by titration using

the iodine-thiosulfate procedure.

T/K Partial Pressure Solubility, S Mole fraction
of sulfur dioxide /{gS02/100gH20) of sulfur dioxide
p/mmHg p/kPa in solution, %50,
298.2 308 41.1 3.72 0.0104
299 39.9 3.63 0.0101
593 79.1 6.89 0.0190
640 85.3 7.28 0.0201
611 81.5 6.99 0.0193
730 97.3 8.37 0.0230a
7602 101.3 - 0.0237
a Extrapolated by compiler.
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
1. Refrigeration grade from
Sulfur dioxide was passed into a Virginia Smelting Co.  No trace

of sulfur trioxide detected.

2. Distilled and freshly boiled.

ESTIMATED ERROR:

§T/K = £0,05; stoz =

(estimated by compiler).

149

REFERENCES;




Water- 19
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO0,; [7446-09-5] Johnstone, H.F.; Leppla, P.W.
2. Water; H,0; [7732~18-5] J. Am. Chem. Soe. 1934,56,2233-
2238.
S
VARIABLES ; PREPARED BY:
Pressure C.L. Young

EXPERIMENTAL VALUES:

T/K Partial pressure Moles of S0, Mole fraction
of sulfur dioxide per 1000g water of sulfur dioxide
10°p/atm p/kPa 10%zg,

2
298.2 0.27 0.027 0.002484 0.0448
1.20 0.122 0.006203 0.1117
2.29 0.232 0.009546 0.1720
2.67 0.271 0.01084 0.1953
6.71 0.680 0.02059 0.3708
9.11 0.923 0.02561 0.4612
13.50 1.368 0.03328 0.5992
308.2 1.03 0.104 0.00419 0.0755
2.49 0.252 0.00745 0.1342
4,12 0.417 0.00999 0.1799
5.80 0.588 0.01356 0.2442
9.55 0.968 °0.01987 0.3579
323.2 2,30 0.233 0.00467 0.0841
3.83 0.388 0.00637 0.1147
5.38 0.545 0.00838 0.1510
8.79 0.891 0.01057 0.1904
\

AUXILIARY INFORMATION

S
METHOD /APPARATUS JPROCEDURE :

gﬁiflow partial pressure of
bl ur d19x1de was obtained by
Suigg a mixture of nitrogen and
bubb%r dioxide. This mixture was
bub ed through water in a "Pyrex
refurator gBichowsky and Starch,
(1)) until equilibrium was
reached. Samples of solution
Were analysed by adding excess
lodate and titrating with
thiosulfate solution.

SOURCE AND PURITY OF MATERIALS:

1. stated to be of high purity.

2. Conductivity water, degassed.

ESTIMATED ERROR:

REFERENCES ;

1. Bichowsky, F.R.; Starch, H.

J. Am. Chem. Soe. 1915,37,2695.




20 Sulfur Dioxide Solubilities

COMPONENTS :
1. Sulfur dioxide; S0,; [7746-09-5]

2. Water; H,0; [7732~18-5]

ORIGINAL MEASUREMENTS:

Otuka, Y.

J. Soe. Chem., Ind. Japan. Suppl.

1939, 42, 2

05B~-209B

VARIABLES:
Temperature, pressure

PREPARED BY:

W. Gerrard

EXPERIMENTAL VALUES:

760 mmHg = 1 atm = 101.325 kPa

of solution. P

The author defined the "solubility" as # = (H
pressure being in atm. (H»2S803) evidently means mole S0,/dm?

Total - Pso, * PH,0 °
to "pure sulfurous acid, H,SO0;".

NOTE:

T/K Progal/atm Psoz/atm Mole SO, /dm®soln H
373 1.72 0.73 0.1763 0.242
1.94 0.95 0.2443 0.257
378 2.01 0.83 0.1728 0.208
2.26 1.08 0.2401 0.222
383 2.29 0.89 0.1708 0.192
2.63 1.24 0.2352 0.190
388 2.70 1.05 0.1656 0.158
3,03 1.38 0.2311 0.168
393 3.12 1.18 0.1616 0.137
3.50 1.56 0.2259 0.145
398 3.58 1.31 0.1578 0.120
4.00 1.74 0.2210 0.127
403 4.10 1.45 0.1535 0.106
4.55 1.91 0.2164 0.113
408 4.63 1.57 0.1502 0.096
5.12 2.07 0.2123 0.103
413 5.24 1.71 0.1464 0.086
5.73 2.21 0.2087 0.094
418 5.91 1.85 0.1428 0.077
6.41 2.36 0.2050 0.087
423 6.60 1.96 0.1400 0.071
7.08 2.46 0.2028 0.082

2503)/Psoz , the

The author refers

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The total pressure, pTotal’ was

determined by means of a glass spring
manometer. It was stated that the
partial pressures were approximated
from the dimensions of the apparatus,
but details were not given.

SOURCE AND PURI

Not sta

TY OF MATERIALS:

ted.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; 80,; Beuschlein, W. L.; Simenson, L. O.
[7746-09-5] J. Am. Chem. Soec.
2. Water; H,0; [7732-18-5] 1940, 62, 610-2.
VARIABLES : PREPARED BY:
T/K = 296-386 R. Battino
P/kPa = 7-192
EXPERIMENTAL VALUES:
t/°cC /K 2,20 P /mmHg p?/kPa
0.51 g 502/100 g Hzo
35.6 308.8 0.02227 49 6.53
41.0 314.2 0.01914 57 7.60
47.0 320.2 0.01559 70 9.33
52.0 325.2 0.01364 80 10.67
62.6 335.8 0.00925 118 15.73
71.0 344.2 0.00727 150 20.00
78.6 351.8 0.00590 185 24.66
85.0 358.2 0.00506 215.5 28.73
92.2 365.4 0.004364 250 33,33
99.0 372.2 0.003822 285.5 38.06
105.2 378.4 -0.003404 320.5 42.73
1ll.8 385.0 0.003048 358 47.73 .
113.0 386.2 0.002969 367.5 49,00
1.09 g 502/100 g H,0
26.8 300.0 0.03308 70.5 9.40
33.6 306.8 0.02429 96 12.80
39.4 312.6 0.01873 124.5 16.60
44.2 317.4 0.01586 147 19.60
50.6 323.8 0.01310 178 23.73
(cont.)
.—\

AUXILIARY INFORMATION

—
METHOD/APPARATUS/PROCEDURE:

Solutions were prepared by passing
sulfur dioxide through freshly
boiled, distilled water until
saturated and then diluting to the
desired concentration.

was by running the sulfur dioxide

Analysis

solution into an excess of iodine
and back titrating with sodium
thiosulfate. Details and a

drawing are in the paper.

SOURCE AND PURITY OF MATERIALS:

1. "Refrigeration dry", 99.99 per

cent.

2. Distilled.

ESTIMATED ERROR:

§T/K = *#0.2; 6P/kPa = +0.07;
Sx1/xy = *0.03 (compiler's estimate)
REFERENCES:




22 Sulfur Dioxide Solubilities

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0;; Beuschlein, W. L.; Simenson, L. O.
[7746-09-5] J. Am. Chem. Soec.
2. Water; H,0; [7732-18~5] 1940, 62, 610-2.

EXPERIMENTAL VALUES:

t/°c /K 2, 2P P®/mmHg P?/kPa

1.09 g S0,/100 g H,0

61.6 334.8 0.00952 245 32.66
67.4 340.6 0.00831 280.5 37.40
73.4 346.6 0.00712 327.5 43.66
79.2 352.4 0.00627 372 49.60
86.4 359.6 0.005234 445.5 59.39
98.4 371.6 0.004572 510 67.99
100.6 373.8 0.003886 600 79.99
106.6 379.8 0.003491 668 89.06
4.36 g S0,/100 g H,0
23.2 296.4 0.02809 332 44,26
27.2 300.4 0.02501 373 49.73
30.0 303.2 0.02221 420 56.00
33 306.2 0.02004 465.5 62.06
36 309.2 0.01818 513 68.39
38.2 311.4 0.01691 551.5 73.53
42,2 315.4 0.01507 619 82.53
45,2 318.4 0.01371 680.5 90.73
48.2 321.4 0.01259 741 98.79
52 325.2 0.01141 818 109.06
55.3 328.5 0.01041 896 119.46
58.4 331.6 0.00961 970.5 129.39
61.2 334.4 0.00900 1036.5 138.19
63 336.2 0.00859 1085.5 144.72
67.2 340.4 0.00777 1200.5 160.05
70.8 344.0 0.00722 1292 172.25
72.4 345.6 0.00705 1323.5 176.45
7.45 g S0,/100 g H,0
25,2 298.4 0.02463 647 86.26
31.4 304.6 0.02042 780.5 104.06
34.2 307.4 0.01902 838 111.72
37.4 310.6 0.01741 915.5 122.06
41 314.2 0.01612 989 131.86
44 317.2 0.01491 1069 142.52
47.2 320.4 0.01383 1152.5 153.65
50.4 323.6 0.01269 1255.5 167.39
54.4 327.6 0.01146 1391.0 185.45
55.6 328.8 0.01104 1443.5 192,45

& calculated by compiler.

b Mole fraction solubility at 101,325 kPa partial pressure of
gas. These values are only reasonable at pressures close
to 101.325 kPa.

c

Partial pressure of SO,.




Water 23
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0,:; Parkison, R. V.
[7446-09-5] 1 P .
appi
2. Water; H,0; [7732-18-5] 1956, 39, 517-9.
T/K = 283-305
P/kPa = 0.08-3.6 R. Battino
EXPERIMENTAL VALUES ;
a,c
t/°F Ta/K Pb/atm Pa’b/kPa ?iéubility/ Solubility/
moles/ -3
££3) (mol dm °)
50 283 0.000809 0.0820 0.000511 0.00819
0.00193 0.196 0.000912 0.0146
0.00292 0.296 0.00119 0.0191
0.00440 0.446 0.00144 0.0231
0.00480 0.486 0.00164 0.0263
0.00537 0.544 0.00167 0.0268
0.00668 0.677 0.00212 0.0340
0.00916 0.928 0.00265 0.0425
0.00987 1.00 0.00279 0.0447
0.0174 1.76 0.00441 0.0707
0.0185 1.88 0.00446 0.0715
0.0261 ’ 2.64 0.00599 0.0960
0.0281 2.85 0.00622 0.0997
0.0332 3.36 0.00712 0.114
0.0350 3.55 0.00745 0.119
60 289 0.00659 0.668 0.00168 0.0269
0.00910 0.922 0.00214 0.0343
0.00979 0.992 0.00225 0.0361
70 294 0.00102 0.103 0.000326 0.00523
0.00201 0.204 0.000568 0.00911
0.00209 0.212 0.000642 0.0103
0.00465 0.472 0.00109 0.0175
0.00507 0.514 0.00116 0.0186
(cont.)

AUXILIARY INFORMATION

.\
METHOD /APPARATUS /PROCEDURE :

A nitrogen/sulfur dioxide mixture
of varying composition was bubbled
through water. The analysis
of the gas and liquid phase was
done by a modified Palmrose
technique (1,2) via a chemical
titration. Details are given in

the paper.

SOURCE AND PURITY OF MATERIALS;:

1. No details given.

2. Triple distilled.

ESTIMATED ERROR:

§Solubility/Solubility = +0.03
(compiler's estimate);

§T/K = x0.02.

REFERENCES:
1. Palmrose, G. V. Paper Trade J.
1935, 100, 38-9.

. 2. White, C. K.; Vivian, J. E.;
Whitney, R. P. Paper Trade J.
1948, 126, 26-8.

SDC - px




24 Sulfur Dioxide Solubilities

COMPONENTS :

1. Sulfur dioxide; 8SO3;
[7446-09-5]

2. Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Parkison, R. V.
Tappt
1956, 39, 517~-9.

EXPERIMENTAL VALUES:

a,c
a b a.b Solubility/ Solubility/
t/°F T /K P~ /atm Pe’'" /kPa (1b mo%es/ (mol dm~?)
ft*)

70 294 0.00660 0.669 0.00141 0.0226
0.00734 0.744 0.00133 0.0213
0.00913 0.925 0.00176 0.0282
0.00983 0.996 0.00188 0.0301
0.0172 1.74 0.00288 0.0462
0.0280 2.84 0.00417 0.0668
0.0349 3.54 0.00498 0.0798

80 263 0.00150 0.153 0.000320 0.00513
0.00362 0.367 0.000580 0.00930
0.00469 0.475 0.000722 0.011le
0.00633 0.641 : 0.000921 0.0148
0.00641 0.649 0.000918 0.0147
0.00812 0.823 0.00111 0.0178
0.00885 0.897 0.00120 0.0192
0.00952 0.965 0.00126 0.0202
0.0110 1.11 0.00138 0.0221
0.0178 1.80 0.00204 0.0327
0.0251 2.54 0.00265 0.0425
0.0336 3.40 0.00334 0.0535

b

c
column by 16.03.

8 Calculated by compiler.

Partial pressure of SO,.

Molar solubility calculated by multiplying previous
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COMPONENTS ; ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0,; Rabe, A. E.; Harris, J. F.
[7446-09~5] J. Chem. Engng. Data
2. Water; H,O0; [7732-18~5] 1963, 8, 333-336.
VARIABLES : PREPARED BY:
Temperature, pressure C. L. Young
EXPERIMENTAL VALUES: *
/K Conc. Mole fraction of
psoz/mmHg psoz/kPa gsoz/loo g H,0 sulfur dioxide
303.15 443.5 59.13 4.46 0.01238
443.9 59.18 4.46 0.01238
442.4 58.98 4.46 0.01238
444.5 59.26 4.48 0.01245
451.6 60.21 4.48 0.01245
308.6 41.14 3.21 0.00894
304.9 40.65 3.21 0.00894
308.4 41,12 3.21 0.00894
309.0 41.20 3.21 0.00894
312.0 41.60 3.21 0.00894
172.2 22.96 1.92 0.00537
181.0 24,13 1.92 0.00537
177.0 23.60 1.92 0.00537
39.2 5.23 0.59 0.00166
3 42.7 5.69 0.59 0.00166
13.15 624.4 83.25 4,48 0.01245
638.8 85.17 4.48 0.01245
418.0 55.73 3.21 0.00894
420.0 56.00 3.21 0.00894
242.0 32.26 1.92 0.00537
F~—-—~______ (cont.)

—

*
calculated by compiler

AUXTLIARY INFORMATION

—
METHOD /APPARATUS / PROCEDURE 1

Partial vapor pressure of sulfur
dioxide above solution containing
known masses of sulfur dioxide
determined by estimating amount of
Sulfur dioxide vapor in known
volume. Sulfur dioxide estimated
by dissolving gas sample up in
dilute aqueous acetaldehyde soln.
and titrating a-hydroxy sulfonic
acid against sodium hydroxide
potentiometrically.
source.

Details in

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:

§T/K = $+0.02 or less;
0.0044 (std. dev.).

dp/p

REFERENCES :




26 Sulfur Dioxide Solubilities

COMPONENTS : ORIGINAL MEASUREMENTS:

1. Sulfur dioxide; S0,; Rabe, A. E.; Harris, J. F.
[7446-09-5] " J. Chem. Engng. Data

2, Water; H,0; [7732-18-5] 1963, 8, 333-336.

EXPERIMENTAL VALUES:

*
Conc. Mole fraction of

T/K psoz/mmHg psoz/kPa gsoz/loo g H,0 sulfur dioxide
313.15 249.0 33.20 1.92 0.00537
57.8 7.71 0.59 0.00166
60.6 8.08 0.59 0.00166
323.15 583.3 77.77 3.20 0.00892
592.9 79.05 3.20 0.00892
608.4 81.11 3.20 0.00892
583.3 77.77 3.21 0.00894
585.7 78.09 3.21 0.00894
324.6 43.28 1.92 0.00537
328.5 43.80 1.92 0.00537
330.9 44,12 1.92 0.00537
335.1 44,68 1.92 0.00537
85.8 11.44 0.59 0.00166
86.7 11.56 0.59 0.00166
333.15 742.0 98.93 3.21 0.00894
756.0 100.8 3.21 0.00894
447.5 59.66 1.92 0.00537
437.1 58.28 1.92 0.00537
114.0 15.20 0.59 0.00166
116.0 15.47 0.59 0.00166
343.15 151.0 20.13 0.59 0.00166
153.0 20.40 0.59 0.00166
353.15 189.0 25.20 0.59 0.00166

*
calculated by compiler

T/K xsoza
313.15 0.01498
323.15 0.01149
333.15 0.00907

a

Interpolated mole fraction solubility at a partial
pressure of sulfur dioxide of 101.325 kPa; calculated
by compiler.




Water 27
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO0,; [7446-09-5] Vosolsobe, J.; Simecek, S.;
Michalek, J.; Kadler, B.
2. Water; H,0; [7732-18-5]
Chem. Prumysl.
1965, 15, 401-404.
VARIABLES PREPARED BY:
C. L. Young
|
EXPERIMENTAL VALUES:
T/K S0
(T/°C) P502 /mmHg p/kPa g 592 10%zg
2
100 g H,0
293,2 14.8 1.97 0.33 0.927
(20) 29.7 3.96 0.57 1.60
44.5 5.93 0.78 2,19
59.4 7.92 1.02 2.86
74,2 9.89 1.26 3.53
89.1 11.88 1.48 4,15
126 16.80 2.04 5.70
303.2 14.6 1.95 0.25 0.703
(30) 29.1 3.88 0.45 1.26
43.7 5.83 0.61 1.71
58.2 7.76 0.77 2.16
72.8 9.71 0.92 2.58
87.4 11.65 1.06 2.97
123.8 16.51 1.45 4.06
313.2 14.1 1.88 0.19 0.534
(40) 28,2 3.76 0.32 0.899
43.3 5.77 0.46 1.29
57.4 7.65 0.54 1.52
70.5 9.40 0.67 1.88
84.6 11.28 0.78 2.19
119.8 15.97 1.08 3.03 (cont.)
N .

AUXILIARY INFORMATION

\
METHOD /APPARATUS /PROCEDURE :

Flow system apparatus in which a
Sulfur dioxide plus nitrogen gas
mixture was bubbled through water.
The partial pressure of sulfur
dioxide could be varied by changing
the composition of the gas mixture.
Samples of water saturated with
sulfur dioxide were analysed by
losometry.

SOURCE AND PURITY OF MATERIALS:

No details given.

ESTIMATED ERROR:
§T/K = 0.1; 5x502 = $3%

(estimated by compiler).

REFERENCES :




28

Sulfur Dioxide Solubilities

COMPONENTS:

2. Water;

ORIGINAL MEASUREMENTS:

1. Sulfur dioxide; S0,; [7446-09-5] Vosolsobe, J.; Simecek, S.;

Michalek, J.; Kadler, B.
H20; [7732-18-5]
Chem. Prumyst.

1965, 15, 401-404.

EXPERIMENTAL VALUES:

g S0;

(z/5¢) P50, /mnig p/kPa 100 g Hz0 10%2g0,
323.2 13.3 1.77 0.16 0.450
(50) 26.7 3.56 0.26 0.731

10.0 5.33 0.34 0.955
53.4 7.12 0.42 1.18
66.7 8.89 0.50 1.40
80.1 10.68 0.60 1.68
113.5 15.13 0.80 2.24

333.2 12.2 1.63 0.11 0.309

(60) 24.4 3.25 0.20 0.562
36.6 4.88 0.24 0.674
18.8 6.51 0.33 0.927
61.1 §.15 0.36 1.01
73.3 9.77 0.42 1.18

103.8 13.84 0.58 1.63




Water 29
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S03; Sano, H.; Nakamoto, Y.
[{7446-09-5] Nippon Kagaku Zasshi
2, Water; H,0; [7732-18-5] 1968, 89, 369-373.
VARIABLES : PREPARED BY:
C. L. Young
EXPERIMENTAL VALUES:
T/°C = 30 T/K = 303
Vapor pressure of water = 0.040 atm
Absorption Bunsen Bunsen c c.d Mole Mole
coefficient, coefficient, coefficient, LT ratio fraction
a,b
S o o
29.8 28.3 25.6 24.5 0.023 0.022
a

Determined by flow method.
o =

Calculated by compiler.

Volume of sulfur dioxide absorbed by unit volume of solvent
at experimental temperature and a total pressure of 1 atmosphere.

Determined by static absorption method.

(1 - p;) where p; is the vapor pressure of solvent.

[————

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

Two techniques were used: (a)

static absorption method and (b)
flow method.
sisted of equilibrating solvent and
sulfur dioxide in a 50 ml flask and

Sstatic method con-

measuring the absorption volumetri-
cally. The flow method consists of
pPassing sulfur dioxide through a
micro gas absorption tube and
estimating sulfur dioxide by iodo-
metric titration. The vapor
pressure of the solvents were
measured roughly and were assumed
to be equal to the partial pressure
of the solvent by the authors when
calculating the Bunsen coefficient.

SOURCE AND PURITY OF MATERIALS:

1. Purity 99.0-99.8 mole per
cent.

ESTIMATED ERROR:
§T/K = +0.5; sto = +5%

(estimated by compiler).

REFERENCES :
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COMPONENTS ¢

1. Sulfur dioxide; 80;;

ORIGINAL MEASUREMENTS:

Tokunaga, J.

[7446-09-5]
J. Chem. Engng. Data
2. Water; H,0; [7732-18-5]
1974, 19, 162-165.
VARIABLES: PREPARED BY:
C. L. Young
EXPERIMENTAL VALUES:
. Ostwald Mole fraction of
T/K Solubility coefficient  sulfur dioxide,
X
SO,
283.15 0.1566 56.8 0.0422
293,15 0.1090 40.9 0.0297
303.15 0.0777 30.0 0.0214
313.15 0.0576 22.9 0.0159

# (g of SO2/g H,0).

* at partial pressure of 101l.3 kPa.

AUXTLIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide bubbled through
water. Saturated solution
analysed by iodometric titration.

Details in source.

The apparatus employed was similar

to that of Hudson, ref. (1).

SOURCE AND PURITY OF MATERIALS:

1. High purity sample with purity

of 99.96 mole per cent.

2. No details given.

ESTIMATED ERROR:
= + . =
§T/K £0.1; stoz 1%

(estimated by compiler).

REFERENCES ;

1. Hudson, J. C.
J. Chem. Soc.
1925, 1332.
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; 80:; Lavrova, E. M.; Tudorovskaya, L. L.
[7746-09-5] Zhur. Prikl. Khim,
2. Water; H,0; [7732-18-5] 1977, 50, 1146-51.
VARIABLES: PREPARED BY:
T/K = 299-363 R. Battino
EXPERIMENTAL VALUES:
a b c
t/°C T"/K xy wt-%
h;
26 299.2 0.02387 8.00
40 313.2 0.01534 5.25
60 333.2 0.009063 3.15
80 353.2 0.0059 2.08
90 363.2 0.00504 1.77
8 Calculated by compiler.
b Mole fraction solubility at 101.325 kPa
partial pressure of gas.
€ presumably at 101.325 kPa partial pressure
of gas.
e ———
AUXILIARY INFORMATION
—

METHOD /APPARATUS /PROCEDURE:

Water was saturated with S0,. The

liquid phase was analyzed acidi-
metrically after oxidation of the
dissolved S0, to SO; by hydrogen
peroxide. The paper also reports
on S0, solubilities in agueous HC1

solutions.

SOURCE AND PURITY OF MATERIALS:

1. Obtained by the action of cp
H,S0, on analytical grade

sodium sulfite.

No details given.

ESTIMATED ERROR:

T/K = %0.2; 08&,/%; = %0.05

REFERENCES ;
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Sulfur Dioxide Solubilities

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0,; [7446-09-5] Douabul, A.; Riley, J.
2. Water; H,0; [7732-18-5] J. Chem. Engng. Data, 1979, 24,
274-276.
VARTABLES: PREPARED BY:
Temperature C.L. Young.

EXPERIMENTAL VALUES:

T/K Solubility t/mol am~? Mole fraction

of sulfur dioxide,
xSOz
278.97 2,959 0.05685
283.12 2,482 0.04693
288.10 2.065 0.03876
292.98 1.697 0.03168
298.15 1.419 0.02644
303.25 1.201 0.02224
+ Partial pressure of 80, = 1 atm = 101.3 kPa.

AUXTLIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide bubbled through
water for 21 hours with gentle
stirring.
mercury manometer. Samples of

about 60 cm® were withdrawn and
mixed with 150 cm® of hydrogen

peroxide solution.
titrated with carbonate free
sodium hydroxide solution.

Pressure measured with

Solution then

SOURCE AND PURITY OF MATERIALS:

1. Refrigeration grade obtained
from BDH. Mass spectrometric
analysis showed its purity was
better than 99.9 mole per cent.

2. Distilled.

ESTIMATED ERROR:

+ .
8T/K = £0.01; Szgy = £0.1%

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO»; Byerley, J. J.; Rempel, G. L.;
[7746-09-5] Le, V. T.
2. Water; H,0; [7732-18-5] J. Chem, Eng. Data
1980, 25, 55-6.
VARIABLES : PREPARED BY:
T/K = 298-323 R. Battino
EXPERIMENTAL VALUES:
t/°C 2 /K 3% 4 50, /100 g H,0
25 298.15 0.02265 8.24
50 323.15 0.01049 3.77
a

Calculated by compiler.

b Mole fraction solubility

pressure of gas.

€ At 101.325 kPa partial p

at 101.325 kPa partial

ressure of gas.

AUXILIARY

INFORMATION

P ——
METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide was bubbled through
water and the amount dissolved was
determined by titrating excess iodine
with standard thiosulfate solution.
(The authors also studied the
Solubility of SO, in water-aceto-

nitrile solutions.)

SOURCE AND PURITY OF MATERIALS:

1. Anhydrous from Union Carbide
Canada Ltd.

2., Distilled.

ESTIMATED ERROR:
ST/K #0.1; Sx;/x; = 20,02
(compiler's estimate).

REFERENCES :
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COMPONENTS: EVALUATOR:

1. Sulfur dioxide; 8S0,; [7446-09-5] Colin L. Young,

School of Chemistry,
University of Melbourne,
2. Seawater Parkville, Victoria 3052,
Australia.

December 1981

CRITICAL EVALUATION:

This system has been investigated by Douabul and Riley (1) in some
detail. Although their data are self-consistent there is some doubt as to
absolute accuracy of the measurements since data on the solubility of
sulfur dioxide in pure water given in the same appear appear to be at
least several per cent in error. (See sulfur dioxide + water evaluation.)
The only other measurements on this system are those of Abdulsattar (2)
whose data are very limited in scope and are of questionable accuracy,
+15% at the best. Abdulsattar's data are therefore rejected. The
solubility of sulfur dioxide in seawater has been calculated by Abdulsattar
et al. (3) based on a simplified chemical model. However, such calculated
data are for a lower partial pressure of sulfur dioxide than used in the
experimental work of Douabul and Riley (1). Under these conditions a
relatively large proportion of the sulfur dioxide is accounted for in
neutralizing the natural alkalinity of the sea water. It should also be
pointed out that the data of Douabul and Riley (1) should not be extra-
polated to low partial pressures assuming Henry's Law to be obeyed.

Such an assumption is not valid in the present context.

References

1. Douabul, A.; Riley, J.
J. Chem. Eng. Data 1979, 24, 274.

2. Abdulsattar, A. H. M.Se. Thesis, University of California,
Berkeley, 1971.

3. Abdulsattar, A. H .; Sridhar, S.; Bromley, L. A.
Am. Inst. Chem. Engnrs. J. 1977, 23, 62.




Seawater 35
COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO,; [7446-09-5] Douabul, A.; Riley, J.
2. Seawater J. Chem. Engng. Data. 1979, 24,
274-276. -
VARIABLES : PREPARED BY:
Temperature, salinity. C.L. Young
EXPERIMENTAL VALUES:
T/K Salinity Specific Solubility+/mol dm=3
/gkg=? gravity of soln. exptl. smoothed
278,97 0.0 1.074 2.959 2.959
10.065 1.080 2.956 2.956
20.034 1,087 2.954 2,954
30.074 1.095 2.954 2,953
40,005 1.103 2.953 2,953
283.12 0.0 1.067 2,482 2.491
10.065 1.075 2.479 2,488
20.034 1.082 2.477 2.487
30.074 1.088 2.477 2.486
40,005 1.094 2.476 2.485
288,10 0.0 1.055 2,065 2.047
10.065 1.063 2.062 2.044
20.034 1.071 2.061 2.042
30.074 1.078 2,060 2.042
40,005 1.085 2,059 2,041
292.98 0.0 1.045 1.697 1.706
10.065 1.052 1.694 1.704
20.034 1.059 1.693 1.703
30.074 1.066 1.692 1.701
40.005 1.074 1.691 1.700
298.15 0.0 1.032 1.419 1.421
10.065 1.042 1.417 1.420
20.034 1.050 1.416 1.418
30.074 1.058 1.414 1.417
AUXILIARY INFORMATION i
——

METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide bubbled through sea-
water for 21 hours with gentle
Stirring. Pressure measured with
mercury manometer. Samples of

about 60 cm?® were withdrawn and mixed
with 150 cm® of hydrogen peroxide
solution. Solution then titrated
with carbonate free sodium hydroxide
solution. Allowance made for acid
Originally in sample.

SOURCE AND PURITY OF MATERIALS:

1. Refrigeration grade obtained
from BDH. Mass spectrometric
analysis showed its purity to be
better than 99.9 mole per cent.

Surface water from Irish sea
filtered and samples of salinities
ranging from 10-40% prepared by
evaporation or dilution with
distilled water, acidified to

pH 2.8 with sulfuric acid.

ESTIMATED ERROR:
§T/K £0.01;

Sx

+
S0, £0.1%

REFERENCES;




36 Sulfur Dioxide Solubilities
COMPONENTS: ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO ; [7446-09-5] Douabul, A.; Riley, J.
2. Seawater J. Chem. Engng. Data. 1979, 24,
274-276.
EXPERIMENTAL VALUES:
T/K salinity, Specific Solubility '/mol dm™?
/gkg~?! gravity of soln. exptl. smoothed
298.15 40.005 1.064 1.414 l.416
303.25 0.0 1.028 1.201 1.199
10.065 1.034 1.200 1.198
20.034 1.040 1.198 1.196
30.074 1.048 1.197 1.195
40.005 1.056 1.196 1.194
+ Partial pressure of S0, = 1 atm = 101.3 kPa.




Aqueous electrolyte solutions 37

COMPONENTS : EVALUATOR:

*
1. . . . . -09-5 C. L. Young, ]
Sulfur dioxide; S0,; [7446 ] School of Chemistry,
) . _18- University of Melbourne,
2. Water; H,0; [7732-18-5] Parkville, Victoria 3052,

3. Metallic salts Australia.
August 1980

CRITICAL EVALUATION:

The evaluation of the data for aqueous solutions of 19 salts
reported by Fox (1) is uncertain, because of unsatisfactory presentation.
Fox expressed the concentration of the salt as "normality," using one half
of the molecular weight in the examples of the sulfates of sodium, potas-
sium and ammonium, and of the halides and sulfate of cadmium. The
"solubility" was expressed as the Ostwald coefficient, L; but it is not
absolutely clear if the volume used was that of the original liquid
(initial solution of salt) or that of the solution saturated with sulfur
dioxide. Densities were not recorded, and therefore mole fractions
cannot be accurately estimated. The weights of sulfur dioxide absorbed by
a given volume or weight of solution were not reported, although these data
were determined. The particular weight was converted into a volume of gas
by the use of 22.4 dm® as the molar volume of sulfur dioxide at 273.15 K
and 1 atm; whereas the real volume is 21.87 dm?, This means that the L
values as given are about 2% too large.

In Seidell and Linke (2) the data were given (p.1413) as the
"Ostwald Solubility Expression ml SO, at t°, 1 atm per ml solvent".
Bancroft and Gould (3) gave a table of Bunsen absorption coefficients for
sulfur dioxide and aqueous solutions of sodium and potassium salts
restricted to "0.5 molar." These data are based entirely on the Fox data,
although this source was not acknowledged. The coefficients for the
sulfates, given as for "0.5 molar" are based on Fox's L values for 0.5
normal, <.e., 0.25 molar. In Seidell and Linke (p.l414) the Bancroft and
Gould list is given as if these were original data.

Hudson's (4) data were presented in the rudimentary form of g S0,/
100 g water content for each concentration of salt (only potassium chloride
and sodium sulfate were studied) as g salt/100 g of water content. The
main uncertainty in the Hudson values lies in the allowance for the vapor
Pressure of water over the final solution. Data on the lowering of the
vapor pressure of water over the aqueous solution of potassium chloride
were taken from the work of Tammann (5), and could be as much as 75 mmHg
at 363 K. The lowering due to dissolved sulfur dioxide was calculated on
the basis of Raoult's law, and was estimated as about 0.1% at 283 K and
1.25% at 363 K. The author believed the corrections to be only approxi-
mate, "as there are grounds for believing that sulphur dioxide combines
both with the water and with the added salts." Hudson assumed the
application of Henry's law (mole ratio form) in the adjustment of the
g S0,/100 g H,0 value from the estimated Pso, to 1 atm. As presented, the
data for sodium sulfate solutions did not show the breakdown into Protal

* based on a more detailed evaluation in terms of the R-line
approach (11) by W. Gerrard.

———




38 Sulfur Dioxide Solubilities

COMPONENTS : EVALUATOR:

*

1. Sulfur dioxide; §0,; [7446-09-5]] C. L. Young,
School of Chemistry,

2. Water; H,0; [7732-18-5] University of Melpourne,
Parkville, Victoria 3052,
3. Metallic salts Australia.

August 1980

CRITICAL EVALUATION:

and Pso, because it was concluded that the estimated Pso, values were
within 10 mmHg of 1 atm. Again the adjustment to 1 atm was based on
Henry's law (mole ratio form). Attempts to correlate the Hudson data and
the Fox data are frustrated by the lack of density data in the Fox work.
Hudson stated that the densities of the salt solutions themselves are
insufficient, for "considerable expansion of the solutions occurs when
sulphur dioxide dissolves."

The evaluation of the data of Conrad and Beuschlein (6) on the
Ca0-water-S0, system, and of Conrad and Brice (7) on the MgO-water-S50.
system requires cognition of the purpose of the measurements, and the
definition of "total", "combined", and "free" sulfur dioxide, and that a
solid phase was present. The amount of sulfur dioxide in the liquid
phase at equilibrium was expressed as g S0,/100 g water. The work was
done in connection with the use of the "Sulfite Process" in the manu-
facture of wood pulp. These authors used the following definition decided
upon by the Technical Association of Pulp and Paper Institute: "the free
SO, is the actual free SO, plus half of the SO, in the bisulfite of
calcium (or magnesium), and is more properly called the available SO, as
it indicates the S0, in excess of the amount necessary to form monosulfite."
The authors defined the term "combined sulfur dioxide" as that required to_
form the monosulfite.

Data by White, Vivian and Whitney (8) are for the calcium sulfite
system in which there was no solid phase, and the solution may be deemed
as unsaturated with respect to the calcium sulfite. These workers stated
the partial pressure, psoz, and they reported data for water itself to show
the reliability of their data for the salt solutions.

The data of Domansky and Rendos (9) for dilute solutions of
"ammonium bisulfite" are deemed acceptable (see compilation sheets).

The earlier data of Smith and Parkhurst (10), determined in rela-
tion to the paper-pulp industry, were based on a combined sulfur dioxide
(C) fixed by the "normality" of Ca(SO;3;H), or Mg(SO;H),, and not on CaSO; as
in the later TAPPI definition. In the former definition, the free S0, is
the total (T) SO, minus the S0, combined as Ca(SO3;H), or Mg(SO;H),, and is
therefore less than that based on the second definition for the same value
of SO0, (T).

References:

1. Fox, C. J. J. Z. Phys. Chem. 1902, 41, 458.

2. Seidell, A.; Linke, W. F. Solubilities of Inorganic and Organic

Compounds, 1958, 1865.

(cont.)
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COMPONENTS : EVALUATOR:

*

1. Sulfur dioxide; S0,; [7446-09-5] C. L. Young,

School of Chemistry,

2. Water; H,0; [7732-18-5] University of Melbourne,
Parkville, Victoria 3052,
3. Metallic salts Australia.

August 1980

CRITICAL EVALUATION:

References (cont.)
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COMPONENTS ¢

ORIGINAL MEASUREMENTS:

Temperature, liguid composition

1. Sulfur dioxide; 80,; [7446-09-5]| Lavrova, E. M.; Tudorovskaya, G. L.
2. Water; H,0; [7732-18-5] Zh. Prikl. Khim. 1977, 60, 11l46-
3. Hydrogen chloride; HC1; 1151;
[7647-01-0] J. Appl. Chem. USSR 1977, §0, 1102-
1106,
VARIABLES: PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Conc. of HCl in
absorbing soln.

Mole fraction of
sulfur dioxide

Solubility of
sulfur dioxide

T/K /wt-% /we=% xSOg
299,2 Q 8.00 0.02387
313.2 5.25 0.01534
333.2 3.15 0.009063
353.2 2.08 0.0059
363.2 1.77 0.00504
299.2 2.2 8.00 0.02407
313.2 5.42 0.01603
333.2 3.40 0.0099
353.2 2.75 0.00798
363.2 2.24 0.00647
299.2 4.30 7.76 0.02354
313.2 5.25 0.01569
333.2 2.89 0.0084
353.2 2.47 0.00723
363.2 2.24 0.00654
299.2 11.0 8.40 0.02671
313.2 5.35 0.01660
333.2 3.25 0.009353
353.2 2,50 0.00769
363.2 2.00 0.00607
299.2 15.0 8.40 0.02891
313.2 5.50 0.01750
333.2 3.48 0.01089

(cont.)

AUXTLIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide bubbled into
hydrochloric acid solution.
Soclubility determined by acidimetric
analysis of liquid phase after
oxidation of dissolved sulfur
dioxide to sulfuric acid using
hydrogen peroxide.

SOURCE AND PURITY OF MATERIALS:

1. Prepared by action of "cp"
sulfuric acid on analytical

grade sodium sulfite. Dried.
2. No details given.

3. "cp" grade.

ESTIMATED ERROR:

§T/RK = $0.2; &= =

SO,

REFERENCES ;
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COMPONENTS :

l. Sulfur dioxide; §S§0,; [7446-09-5) Lavrova, E. M.; Tudorovskaya, G. L.
2. Water; H,0; [7732-18-5]

ORIGINAL MEASUREMENTS:

Zh. Prikl. Khim. 1977, 50, 1l46-

3. Hydrogen chloride; HCl; 1151;
{7647-01-0] J. Appl. Chem. USSR 1977, 50, 1102-
1106.
EXPERIMENTAL VALUES:
Conc. of HC1l in Solubility of Mole fraction of.
absorbing soln. sulfur dioxide sulfur dioxide
T/K /wt-% /wt=% xSOz
353.2 15.0 2.67 0.00830
363.2 2.06 0.00637
299.2 20.0 13.65 0.0470
313.2 6.28 0.02113
333.2 4,00 0.0130
353.2 3.60 0.01160
363.2 2.67 0.00854
299.,2 21.5 13.65 0.00484
313.2 6.47 0.02199
333.2 3.72 0.01267
353.2 3.01 0.00975
363.2 , 2,73 0.00880
299.2 24.8 18.8 0.07154
313.2 6.14 0.020861
333.2 3.15 0.01040
353.2 2,90 0.00956
363.2 0.909 0.00295
299.2 28.0 13.7 0.05034

Smoothing equations of the form

log xsoz =

were given.

Conc. of HCl/wt-%

-A + B/(T/K)

A B
5.47 1.41
4.77 0.937
4.85 0.953
5.1 1.050
5.1 1.051
5.19 1.128
5.43 1.20
7.8 1.96
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"acid" refers to the aqueous

Calculated by compiler.

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO,; [7446-09-5] Miles, F.D.; Fenton, J.
2. Water; H,0; [7732-18-5] J. Chem. Soe. 1920, 117, 59-61.
3. Sulfuric acid; H;S804;
[7664~93-9]
VARIABLES : PREPARED BY:
Concentration of acid. W. Gerrard.
EXPERIMENTAL VALUES:
T/K Sulfuric acid S0,dissolved *Moles S0, *Moles S0,/ total
per cent by 100 g of /100 g acid number of moles,
acid / g H,S0, + H,0 in
100 g of acid.
293 55.1 5.13 0.0802 0.0262
59.6 4.90 0.0766 0.0269
6l.6 4.82 0.0753 0.0273
68.9 4.16 0.0650 0.0267
74.1 3.63 0.0567 0.0258
78.3 3.23 0.0505 0.0252
80.2 3.12 0.0488 0.0254
82.5 2,99 0.0467 0.0258
84.2 2.88 0.0450 0.0259
85.3 2.83 0.0442 0.0261
85.8 2.80 0.0438 0.0263
86.5 2.82 0.0441 0.0270
88.1 2.9 0.0453 0.0290
90.8 3.10 0.0484 0.0337
92.8 3.21 0.0502 0.0372
93.7 3.27 0.0511 0.0391
94.0 3.31 0.0517 0.0400
94.6 3.50 0.0547 0.0432
95.5 3.69 0.0577 0.0471
95.6 3.77 0.0589 0.0483
96.5 3.83 0.0598 0.0508
98.0 3.98 0.0622 0.0560
98.5 4.03 0.0630 0.0579
NOTE: "sulfuric acid per cent" probably means by weight. The term

solution of sulfuric acid.

AUXILLIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :

Sulfur dioxide was passed into the
acid (15-20 g), mechanically
stirred in a test-tube held in a
thermostat. Samples of the saturat-
ed solution were withdrawn into
small weighed glass bulbs that were
sealed, weighed, and opened under
(1) N-sodium hydroxide, (2) ¥/10-
iodine for chemical titrations.

"A correction was applied when the
barometer diverged appreciably
from 760 mm."

SOURCE AND PURITY OF MATERIALS:

No information given.

ESTIMATED ERROR:

§T/K 0.1

REFERENCES ;
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COMPONENTS ; ORIGINAL MEASUREMENTS:
1. sulfur dioxide; SO,; [7446-09-5] | cupr, V.
2. Water; H,0; [7732-18-5]
3. Sulfuric acid; H,S0,;[7664-93-9] Ree. Trav. Chim. 1928, 47, 55-72.
VARIABLES : PREPARED BY:
Temperature, concentration of W. Gerrard.
acid.

EXPERIMENTAL VALUES:

101.325 kPa.

The values were stated to be for a total
pressure of 760 mmHg, i.e., for 1 atm

be the volume in cm?®

cm® of solution saturated with SO,
Yecorded in the table. These were

See evaluation.

T/K 314.15 T/K  335.15
Weight of H,S0, Wt. of SO, Weight of H,S50, Wt. of 502
in 100 g /100 g L in 100 g /100 g L
solution / g solution of solution / g solution
H2S50./9 of H250,/g9
0.00 4.88 16.9 0.00 2.16 7.42
0.00 4.75 16.5 0.00 2.13 7.32
7.32 3.65 13.3 10.02 1.71 6.28
18.07 3.35 12.8 30.26 1.26 5.25
18.28 3.29 12.8 30.52 1.20 5.00
44,34 2.57 11.9 54.06 1.20 5.90
71.86 1.68 9.47 79.07 1.19 6.95
79.51 1.54 9.18 84.34 1.15 6.95
86.20 1.36 8.40 84.82 1.17 7.08
86.54 1.45 8.96 90.73 l.1¢ 7.36
86.66 1.47 9.09 91.20 1.17 7.28
93.78 1.81 11.5 93.68 l.16 7.26
96.65 2.06 13.1 96.10 1.16 7.29
97.69 2,15 13.6

The symbol I indicates the "absorption coefficient" which appears to
(adjusted to 273 K) of S0, absorbed to give one

and the published densities of aqgueous solutions of sulfuric acid.

at 760 mmHg and at the temperature
calculated from the weight values

AUXILIARY

INFORMATION

[ ————

METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide was passed into the
aqueous solution in an "absorption
dpparatus.”" A sample was withdrawn
into a weighed flask for the
determination of sulfur dioxide by
a chemical titration, using the
lodine-thiosulfate technigue.

The "absorption coefficient,l " was
determined by calculation from

the weight data. The molar volume
Oof 22400 cm?® appears to have been
used to convert weight of S0, into
VOlu_rne

SOURCE AND PURITY OF MATERIALS:

(1) Sulfur dioxide was obtained from
Merck quality sodium sulfite and
concentrated sulfuric acid, and
passed through the acid.

(2) Water may be taken as of

satisfactory purity.

Sulfuric acid was of satisfactory
purity.

The solutions were attested
volumetrically.

(3)

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

1. Sulfur dioxide; SO,; [7446-09-5] Lopatto, E.K.; Savinaev, A.M.

2. Water; H,0; [7732-18-5] J. Applied Chem. (USSR) 1934, 7,

3. Sulfuric acid; H,S0,; [7664-93-9]| 881-886.

VARIABLES : PREPARED BY:
Concentration of acid, partial
pressure of gas. W. Gerrard.
EXPERIMENTAL VALUES: 760 mmHg = 1 atm = 101.325 kPa
Weight % of
H,S0, in *% S0, in $ SO, in aqueous solution of acid at T/K
agqueous mixture of
solution air + SO 293 303 313 323 333
(initial).
61.59 9 - 0.345 0.262 0.194 0.153
12 - 0.587 0.449 0.314 0.250
24 - 1.990 1.495 1.00 1.730
66.71 7.2 0.304 0.221 0.167 - -
11.2 - 0.342 0.253 -
17.6 0.809 0.560 0.401 - -
19.2 - 0.569 0.486 - -
23.8 1.172 0.734 - - -
27.9 - 0.891 0.726 - -
34.2 1.920 - - - -
37.6 2.058 1.317 1.043 - -
70.74 9 - 0.255 0.175 0.137 0.104
12 - 0.362 0.270 0.199 0.162
18 - 0.522 0.420 0.344 0.271
24 - 0.744 0.542 0.418 0.355
73.64 9 - 0.415 0.327 0.249 0.169
12 - 0.523 0.395 0.270 0.210
24 - 0.854 0.609 0.474 0.371
78.04 9 - 0.380 0.262 0.209 0.146
12 - 0.455 0.353 0.252 0.194
18 - 0.586 0.439 0.340 0.263
24 - 0.779 0.542 0.452 0.364

* By volume

+ Typographical error in original. Should be 0.730.
This error was copied without comment in "Solubilities of Inorganic
and Organic Compounds”, Seidell, A.; Linke, W.F. 1958-1965.

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

A mixture of air and sulfur dioxide May be taken as satisfactory.
was passed into the bottom of an
absorption tube via a porous plate
above which the aqueous solution was
held. A thermometer reaching below
the liquid was fitted into the tube.
The tube was immersed in a thermostat.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS ; ORIGINAL MEASUREMENTS:
l. Sulfur dioxide; SO,; [7446-09-5] | Johnstone, H.F.; Leprla, P.V.
2. Water; H,0; [7732-18-5] J. Am. Chem. Soe. 1934, 56, 2233-2238
3. Sulfuric acid; H;S50,;
[7664~93-9]
VARIABLES: PREPARED BY:
Pressure, concentration of acid W. Gerrard.
EXPERIMENTAL VALUES: T/K = 298.15
Conc. oflﬂzsou, Pressure, Conc. oflsoz, Ratio of *Mole fraction
/mol kg (H20) Pso, /atm /mol kg (H,0) ggnj. of 250, !
2/Pgp, referred to
/mol kg—! H,0 (**)
atm-!
0.0879 0.00130 0.00193 1.485 0.0260
0.0879 0.00571 0.01129 1.977 0.0344
0.0879 0.01022 0.01878 1.838 0.0320
0.5174 0.00130 0.00161 1.238 0.0218
0.5174 0.00571 0.00796 1.394 0.0245
0.5174 0.01022 0.01345 1.316 0.0232
1.103 0.00131 0.00134 1.023 0.0181
1.103 0.00573 0.00719 1.255 0.0221
1.103 0.01022 0.01253 1.226 0.0216

* Calculated by the compiler

**% Agsuming all the liquid is pure water.

AUXILIARY

INFORMATION

'\
METHOD /APPARATUS /PROCEDURE ¢

The low partial pressures of sulfur
dioxide were attained by using a
Mixture of nitrogen and sulfur
dioxide, the latter being measured
from a gas buret. The sulfur dioxide
Was passed into a "Pyrex saturator
(Bichowsky, and Storch) (1)" until
€quilibrium was reached, as indicated
by concordance of successive analyses
Sémples were withdrawn for titration
With iodine and thiosulfate solutions

SOURCE AND PURITY OF MATERIALS:

1, Sulfur dioxide stated to be of
high purity from a tank of the
liquid.

2. Conductivity water.

3. Not stated.

ESTIMATED ERROR:

REFERENCES ;

1. Bichowsky, F.R.; Storch, H.
J. Am. Chem. Soc. 1915, 37, 2695.
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* By compiler,

There was no mention of pressure.

COMPONENTS : ORIGINAL MEASUREMENTS:
1, Sulfur dioxide; S0,; [7446-09~5] | Milbauer, J.
2. Water; H,0; [7732-18-5]
3. Sulfuric acid; H;S0u4; Bull., Soe. Chim. 1935, (5), 3, 221-224
[7664~93-9]
VARIABLES: PREPARED BY:
Temperature W. Gerrard
EXPERIMENTAL VALUES: 760 mmHg = 1 atm = 101.325 kPa
T/K Density of the Weight of SO,
acid solution, absorbed by 100 g
/g cm~? of the original
acid solution/g
296.15 1.824 3.075
303.15 (90.8% H,S80,) 2.270
323,15 1.525
373.15 0.436
423,15 0.171
473.15 0.053
510.15 0.040
298.15 1.53 3.1582
318.15 (62% H2850y) 1.4597
333.15 1.0200
353.15 0.5813
373.15 1.4908 * (Probably

meant to be
0.4908)

AUXILIARY ‘INFORMATION

METHOD /APPARATUS /PROCEDURE :

Sulfur dioxide was passed into a
weighed amount of the aqueous acid
solution in a bubbler tube fitted
with an inlet tap and an outlet tap.
The temperature was stated to be
controlled to within *0.1°C.
Pressure was not mentioned. The
weight of sulfur dioxide absorbed
was determined by a chemical titrat-
ion using iodine-thiosulfate
solutions.

acid.

titration.

SOURCE AND PURITY OF MATERIALS:

1. Sulfur dioxide was stated to be
"pure," and was dried by sulfuric

2. Distilled water was mentioned in
the description of the chemical

3. Presumably good quality sulfuric
acid was used.

ESTIMATED ERROR:

REFERENCES:
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Determined by flow method.
u:

Calculated by compiler.

COMPONENTS ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0:: Sano, H.; Nakamoto, Y.
[7446-09-5] Nippon Kagaku Zasshi
2. Sulfuric acid; H2804; 1968, 89, 369-373.
[7664-93-9]
VARIABLES : PREPARED BY:
C. L. Young
EXPERIMENTAL VALUES:
T/°C = 30 T/K = 303
Absorption Bunsen Bunsen c. £ c.d Mole Mole
coefficient, coefficient, coefficient, '/ L ratio fraction
Sa’b ¢ ¢
21.2 19.2 19.2 19.2 0.046 0.044
a

Volume of sulfur dioxide absorbed by unit volume of solvent
at experimental temperature and a total pressure of 1 atmosphere.

Determined by static absorption method.
L(1l - p;) where pg is the vapor pressure of solvent.

Assuming vapor pressure of sulfuric acid is negligible.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Two techniques were used: (a)
static absorption method and (b)
flow method. Static method con-
Sisted of equilibrating solvent and
sulfur dioxide in a 50 ml flask and
measuring the absorption volumetri-
cally. The flow method consists of
pPassing sulfur dioxide through a
Mmicro gas absorption tube and
estimating sulfur dioxide by iodo-
metric titration. The vapor
bPressure of the solvents were
Measured roughly and were assumed
to be equal to the partial pressure
of the solvent by the authors when

Calculating the Bunsen coefficient.

SOURCE AND PURITY OF MATERIALS:

1. Purity 99.0-99.8 mole per
cent.

ESTIMATED ERROR:
§T/K = £0.5;

+
éxsoz +5%

(estimated by compiler).

REFERENCES:

SDC - ¢
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; SO;; [7446~09-5] Miles, F.D.; Carson, T.

2. Sulfuric acid (fuming); H2S04; J. Chem. Soe. 1946, 786-790,
[7664-93-9]}
VARIABLES: PREPARED BY:

W. Gerrard

EXPERIMENTAL VALUES: 760 mmHg = 1 atm = 101.325 kPa.

T/K S04, % S0, *Mole SO,/
Total % mole SO;
293.15 80.21 3.85 0.0600
80.37 3.81 0.0593
80.64 3.66 0.0567
80.81 3.65 0.0565
81.63 3.88 0.0594
82.03 3.95 0.0602
82.07 3.85 0.0586
82.12 3.91 0.0595
82.13 3.96 0.0603
82.17 3.98 0.0605
82.53 4.66 0.0706
82.75 4.18 0.0631
82.8 4.58 0.0691
82.85 4.33 0.0653
82.90 4.60 0.0694
82.90 4,48 0.0675
82.91 4,28 0.0645
83.65 4.96 0.0741
84.57 5.62 0.0831
85.77 6.18 0.0901
85.94 6.27 0.0912
86.47 6.77 0.0979
86.49 5.99 0.0866
86.65 5.99 0.0864
86.71 7.06 0.1018

AUXILIARY INFORMATION

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

The "absorber" was a glass vessel "5 {1, Sulfur dioxide was used from a
inches by 1.25 inches", closed by a cylinder.

large tap. A gas inlet was attached

to the side, and had a perforated 2. No information.

end. "Acid or oleum" was weighed

in the tube. Sulfur dioxide was
passed into the liquid, which was
shaken; and saturation was deemed
to be complete after 1-2 hours.
Samples of the final liquid were
obtained by means of capillary-bulb
tubes and the sulfur dioxide was

determined by iodine-thiosulfate -
titrations. ESTIMATED ERROR:

The weight of sulfur dioxide was
stated to be corrected to correspond
with "an atmosphere of dioxide at

760 mm pressure by multiplying each | REFERENCES:
of the experimental values by the
factor 760/(P -p),"P being the atmos-
pheric pressure recorded during the
determination, and p being the vapor
pressure of sulfuric trioxide over
the oleum at the temperature of
saturation .




Aqueous electrolyte solutions

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Sulfur dioxide; S0,; [7446-09-5] Miles, F.D.; Carson, T.
2. Sulfuric acid (fuming); H;SO0,4;
[7664~93-9] J. Chem. Soe., 1946, 786-790.
EXPERIMENTAL VALUES: 760mmHg = 1 atm = 101.325 kPa
T/K SO0; % SO, *Mole SOz/
Total 2 mole SO;
293,15 86.93 7.52 0.1081
87.11 6.47 0.0928
87.90 9.06 0.1288
88.30 9.17 0.1298
88.60 9.58 0.1352
88.90 9,41 0.1323
90.65 11.98 0.1652
90.70 12.05 0.1l661
91.10 12.17 0.1670
91.30 12.14 0.1662
93.16 18.73 0.2513
93.30 18.93 0.2536
93.30 20.42 0.2736
93.34 20.28 0.2716
94.20 23.31 0.3093
94.60 22.13 0.2924
95,22 25.78 0.3384
95.02 27.58 0.3628
95.10 28.34 0.3725
95,23 28.16 0.3696
313.15 56.75 1.798 0.0396
56.90 1.747 0.0384
56.90 1.764 0.0387
57.0 1.712 0.0375
57.05 1.702 0.0373
64.99 1.602 0.0308
65.04 1.406 0.0270
65.13 1.431 0.0275
65.87 1.406 0.0267
73.64 1.628 0.0276
73.70 1.634 0.0277
78.15 1.920 0.0307
78.20 1.792 0.0286
78.20 1.928 0.0308
79.38 1.981 0.0312
79.39 2.035 0.0320
79.52 2.050 0.0322
80.80 2.020 0.0313
80.95 2.050 0.0317
82.70 2.468 0.0373
85.0 3.176 0.0467
85.0 3.132 0.0461
333.15 57.75 0.983 0.0213
57.9 0.986 0.0213
57.91 0.988 0.0213
65.88 0.855 0.0162
66.03 0.834 0.0158
66.14 0.848 0.0160
66.23 0.858 0.0162
73.75 0.949 0.0161
73.82 0.953 0.0161
73.87 0.990 0.0168
78.22 1.196 0.0191
78.31 1.172 0.0187
79.50 1.346 0.0212
79.57 1.337 0.0210
79.60 1.359 0.0213
79.90 1.371 0.0214
84.30 1.625 0.0241
84.40 1.610 0.0238

* Calculated by compiler

(cont'd)




50

Sulfur Dioxide Solubilities

COMPONENTS :

1. Sulfur dioxide; S0,; [7446
2. Sulfuric acid (fuming); H,80,;

[7664~93-9]

-09-5]

ORIGINAL MEASUREMENTS:

Miles, F.D.;

Carson, T.

J. Chem. Soc. 1946, 786-790.

EXPERIMENTAL VALUES:

% Total SOj;

= 100 SOa/(SOg + Hy0);

% 802 = g of SO, dissolved by 100 g of acid or oleum, corrected
for a pressure of 760 mm of SO;.

The authors stated "to obtain a rough check on the applicability
of Henry's law, some measurements of the equilibrium absorption

from a gas mixture containing 6% of sulfur dioxide were also made.

The gas mixture was stated to contain 94% of air, Pgo then being