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FOREWORD

If the knowledge is
undigested or simply wrong,
more is not better.

The Solubility Data Series is a project of Commission V.8
(Solubility Data) of the International Union of Pure and Applied
Chemistry (IUPAC). The project had its origins in 1973, when the
Analytical Chemistry Division of IUPAC set up a Subcommission on
Solubility Data under the chairmanship of the late Prof. A.S. Kertes.
When publication of the Solubility Data Series began in 1979, the Com-
mittee became a full commission of IUPAC, again under the chairmanship of
Prof. Kertes, who also became Editor-in-Chief of the Series. The Series
has as its goal the preparation of a comprehensive and critical compila-
tion of data on solubilities in all physical systems, including gases,
liquids and solids.

The motivation for the Series arose from the realization that,
while solubility data are of importance in a wide renge of fields in
science and technology, the existing data had not been summarized in a
form that was at the same time comprehensive and complete. Existing com-
pilations of solubility data indeed existed, but they contained many er-
rors, were in general uncritical, and were seriously out-of-date.

It was also realized that a new series of compilations of data gave
educational opportunities, in that careful compilations of existing data
could be used to demonstrate what constitutes data of high and lasting
gquality. As well, if the data were summarized in a sufficiently complete
form, any individual could prepare his or her own evaluation, indepen-
dently of the published evaluation. Thus, a special format was estab-
lished for each volume, consisting of individual data sheets for each
separate publication, and critical evaluations for each separate systen,
provided sufficient data from different sources were available for com-
parison. The compilations and, especially, the evaluations were to be
prepared by active scientists who were either involved in producing new
data, or were interested in using data of high quality. With minor
modifications in format, this strategy has continued throughout the
Series,

In the standard arrangement of each volume, the Critical Evalua-
tion gives the following information:

(i) A text which discusses the numerical solubility information
which has been abstracted from the primary sources in the form of com-
pilation sheets. The text concerns primarily the quality of the data,
after consideration of the purity of the materials and their charac-
terization, the experimental method used, the uncertainties in the ex-
perimental values, the reproducibility, the agreement with accepted test
values, and, finally, the fitting of the data to suitable functions,
along with statistical tests of the fitted data.

(1i) A set of recommended data, whenever possible, including
weighted averages and estimated standard deviations. If applicable, one
or more smoothing equations which have been computed or verified by the
evaluator are also given.

(i11) A graphical plot of the recommended data, in the form of phase
diagrams where appropriate.

The Compilation part consists of data sheets which summarize the ex-
perimental data from the primary literature. Here much effort is put
into obtaining complete coverage; many good data have appeared in publi-
cations from the late nineteenth and early twentieth centuries, or in
obscure journals. Data of demonstrably low precision are not compiled,
but are mentioned in the Critical Evaluation. Similarly, graphical data,
given the uncertainty of accurate conversion to numerical values, ariAJ

vii




viil Foreword

compiled only where no better data are available. The documentation of
data of low precision can serve to alert researchers to areas where more
work is needed.

A typical data sheet contains the following information:

(i) list of components: names, formulas, Chemical Abstracts
Registry Numbers;
(1i) primary source of the data:
(ii1) experimental variables;
(1v) compiler's name;
(v) exXperimental values as they appear in the primary source, in
modern units with explanations if appropriate;
(vi) experimental methods used;
(vii) apparatus and procedure used:;
(vi1i) source and purity of materials used:;
(1x) estimated error, either from the primary source or estimated
by the compiler:;
(x) references relevant to the generation of the data cited in
the primary source.

Each volume also contains a general introduction to the particular
type of system, such as solubility of gases, of solids in liquids, etc.,
which contains a discussion of the nomenclature used, the principles of
accurate determination of solubilities, and related thermodynamic prin-
ciples. This general introduction is followed by a specific introduction
to the subject matter of the volume itself.

The Series embodies a hew approach to the presentation of numerical
data, and the details continue to be influenced strongly by the perceived
needs of prospective users. The approach used will, it is hoped, en-~
courage attention to the quality of new published work, as authors become
nore aware that their work will attain permanence only if it meets the
standards set out in these volumes. If the Series succeeds in this
respect, even partially, the Solubility Data Commission will have jus~
tified the labour expended by many scilentists throughout the world in its
production.

January, 1989 J.W. Lorimer,
London, Canada




PREFACE

This volume of The Solubility Data Series contains evaluated data for the
solubility of hydrogen fluoride, hydrogen chloride, hydrogen bromide and
hydrogen iodide in non-agueous solvents. Information on about four
hundred systems i1s included. Hydrogen halides take part, either as
reactants or products, 1n many reactions of organic compounds.
Measurements of solubilities of these gases have often been carried out
during studies of such reactions.

There are few measurements of the solubility of hydrogen fluoride in
non-aqueous solvents. The solubilities of each of the other gases show
wide divergences from solvent to solvent under the same conditions of
temperature and pressure. In many cases there are distinct non-linear
variations of mole fraction solubilaity with change of partial pressure of
gas at pressures less than 101.3 kPa. Thais must be borne in mind when
attempts are made to predict solubilities at finite pressures from
limiting values of Henry's law constants.

Reliance may be placed upon data when there 1s close agreement between
measurements by different groups of workers. Unfortunately there are
sometimes i1nconsistencies i1n the literature. Difficulties in attaining
equilibria between gas and liguid phases are likely to be the chief cause
of such discrepancies.

Equations relating mole fraction solubility at constant pressure with
temperature have been derived 1f appropriate experimental data have been
available. Errors may arise if these equations are used outside the
temperature range of the original measurements.

The editors are grateful for help and encouragement from fellow members of
the I.U.P.A.C. Commission on Solubility Data. In particular we should
like to acknowledge the tremendous support given by the late

Steven Kertes whose untimely death has caused great sorrow to members of
the Commission.

Peter Fogg William Gerrard

London

July 1989




THE SOLUBILITY OF GASES IN LIQUIDS

R Battino, H L Clever and C L. Young

INTRODUCTION

The Solubility Data Project aims to make a comprehensive search of the lit-
erature 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 uni-
form format. The data for each system are evaluated and where data of suf-
ficient accuracy are available values recommended and in some cases a
smoothing equation suggested 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.

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 1s an example of vapor-liquid equilibrium. However,
the distinction between gas-liquid solubility and vapor-laquid ecguilibrium
is often not so clear. The equilibria set up between methane and propane
above the critical temperature of methane and below the critical temperature
of propane may be classed as vapor-licuid equilibrium or as gas-liquid solu-
bility depending on the particular range of pressure considered and the par-
ticular worker concerned.

The difficulty partly stems from our inability to rigorously distinguish
between a gas, a vapor, and a liaquid, 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 vavor-laguid
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 and inevitably sometimes, because of insufficient available
information, it has been necessary to use several quantities in the cdompiled
tables. Where possible, the gas solubility has been cquoted as a mole frac-
tion of the gaseous component in the liquid phase. The units of pressure
used are bar, pascal, millimeters of mercury and atmosphere. Temperatures
are reported in Kelvin.

EVALUATION AND COMPILATION

The solubility of comparatively few systems 1s known with sufficient accur-
acy to enable a set of recommended values to be presented. This is true
both of the measurement near atmospheric pressure and at high pressures.
Although a considerable number of systems have been studied by at least

two workers, the range of oressures 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 dif-
ferent sets of results at the same temperature and pressure, although both
Sets of results were obtained by reliable methods and are internally con-
sistent. 1In such cases, sometimes an incorrect assessment has been given.
There are several examples where two or more sets of data have been classi=-
fied 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
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Xii The Solubility of Gases in Liquids

Many of the high pressure solubility data have been obtained in a more gen-
eral 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 bet-
ter than that which would be given for the complete vapor-liquid data (or
vice versa). Fnr 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 solu-
bility data. For example, conventional methods of analysis may give re-
sults with an expected error which would be regarded as sufficiently small
for vapor-liquid eguilibrium 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 avail-
able data for the given substance with other members of the homologous

series. In this study the use of such a technique has been very limited.

The estimated error is often omitted in the original article and sometimes
the errors quoted do not cover all the variables. 1In order to increase the
usefulness of the compiled tables estimated 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 solu-
bilities 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, z (g)

The mole fraction solubility for a binary system is given by:
z(q) = n(qg)
n(g) + n(l)

W(g) /M{q)
(W(g)/M(q)] + (W(1)/M(1)}

here n is the number of moles of a substance (an amount of substance),
7 is the mass of a substance, and M is the molecular mass. To be un-

ambiguous, the partial pressure of the gas (or the total pressure) and
the temperature of measurement must be specified.

The Weight Per Cent Solubility, wt$

For a binary system this is given by
wts = 100 W(g)/[W(g) + W(1)]
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where W is the weight of substance. BAs 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 solu-
bility by

[wte/M(qg)]
[wts/M(g)] + [(100 - wt%)/M(1)]

x(g) =

The Weight Solubility, Cw

The weight solubility is the number of moles of dissolved gas per
gram of solvent when the partial oressure of gas is 1 atmosphere.
The weight solubility is related to the mole fraction solubilitv at
one atmosphere partial pressure by (
C M(1)
x(g) (partial pressure 1 atm) = S E—
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 vol-
ume of liquid mixture. This is related to the mole fraction solubi-
lity by
o
n v (1)

2:—————0——_
1+ n v (1)

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

The Bunsen Coefficient,a

The Bunsen coefficient is defined as the volume of gas reduced to
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 is assumed

to be obeyed,

_ Vi(g) 273.15
v(l) T

¢

where V(g) is the volume of gas absorbed and V(1) is the original
(starting) volume of absorbing solvent., The mole fraction solu-
bility is related to the Bunsen coefficient by

a

xz(g, 1 atm) = S
273.15 v (qg)

T v (1)

a +

where vo(q) and vo(l) are the molar volumes of gas and solvent at a
oressure of one atmosphere. If the gas is ideal,

o]
273.15R
v (1)

z(g) =
o +

Real gases do not follow the ideal gas law and it is important to es-
tablish the real gas law used for calculating o in the original publi-
cation and to make the necessarv adjustments when calculating the
mole fraction solubility.

The Kuenen Coefficient, S

This is the volume of gas, reduced to 273.15K and 1 atmosphere pres-
sure, 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 at the ratio of the volume of
gas absorbed to the volume of the absorbing liquid, all measured at
the same temperature-

L - V()
V(1)

If the gas is ideal and Henry's law is applicable, the Ostwald coef-
ficient 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, is related to the Ostwald coefficient by

-1
RT + 1

zlg)= ————5—
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(qg).

The Absorption Coefficient,B

There are several "absorption coefficients", the most commonly used
one being defined as the volume of gas, reduced to 273.15K and 1 at-
mosphere, absorbed per unit volume of liguid when the total pres-
sure is 1 atmosphere. R is related to the Bunsen coefficient by

8 = al(l-P(1))
where P(1l) is the partial pressure of the liguid in atmosphere.

The Henry's Law Contant

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

where K,, is the Henry's Law constant and z the mole fraction solubili=-
ty. Otﬂer formulations are

P(g) = K,C(1)

or

1t

C(g) KcC(l)

where K, and K_ are constants, C the concentration, and (1) and (q)
refer tS the 1fquid and gas phases. Unfortunately, K,, K, and K

are all sometimes referred to as Henry's Law constantg. aenry's

Law is a limiting law but can sometimes be used for converting solu-
bility data from the experimental pressure to a partial gas pressure
of 1 atmosphere, provided the mole fraction of the gas in the liquid
1s small, and that the difference in pressures is small. Great cau-
tion must be exercised in using Henrv's Law.

The Mole Ratio, N

The mole ratio, N, is defined bv
N = n(g)/n(l)

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

For gas solubilities greater than about 0.0l mole fraction at a oartial
pressure of 1 atmosphere there are several additional factors which must
be taken 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-ap-
plicability of Henry's Law.
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TABLE 1. Interconversion of parameters used for reporting solubility.

L = oa(T/273.15)

C.= aolvyp

w

- 17.033 x 10°p(soln)
Ky SO + 760
L = C p

w t,gas

where v, is the molal volume of the gas in cm® mol™! at 0°C, p the density

of the solvent at the temperature of the measurement, Psoln the density

of the solution at the temperature of the measurement, and v, gas the
,
3

molal volume of the gas (cm mol” ') at the temperature of the measurement.
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APPENDIX I,

Conversion Factors k and k™!,

k

1 (non-SI Unit)

k-l

1 (SI Unit) =

k _(SI Unit) k™! (non-SI Unit)
LENGTH SI Unit, m
& (angstrom 1 x 10710 (%) 1 x 10° (%)
cm (centimeter) 1 x 10_2 (*) 1 x 102 (%)
in (inch) 254 x 107" (%) 3 937 008 x 10”°%
ft (foot) 3 048 x 107%  (*) 3 280 840 x 10~°
AREA SI Unit, m?
cm? 1 x 107% (%) 1 x 10% (*)
in? 64 516 x 107% (%) 1 550 003 x 107°?
ft? 9 290 304 x 107% (%) 1 076 391 x 10”5
VOLUME SI Unit, m?
cm? 1 x 10°€ (*) 1 x 10% (%)
in? 16 387 064 x 10™12%2 (%) 6 102 374 x 10772
ft? 2 831 685 x 10~° 3 531 467 x 107°
1 (litre) 1 x 1073 (%) 1 x 10} (%)
UKgal (UK gallon) 45 461 x 1077 21 997 x 1072
Usgal (US gallon) 37 854 x 1077 26 417 x 1072
MASS SI Unit, kg
g (gram) 1 x 1077 (%) 1 x 10% (%)
t (tonne) 1 x 10° (*) 1 x 107% (*)
1b (pound) 45 359 237 x 1078 (%) 2 204 623 x 10”°®
DENSITY SI Unit, kg m~?
g em™? 1 x 10° (*) 1 x 1073 (*)
g 17t 1 (*) 1 (*)
ib in~? 2 767 991 x 10-3 3 612 728 x 10-1!?
1b ft™3 1 601 847 x 10~°% 6 242 795 x 10~°
1b UKgal~™? 99 776 x 10~} 100 224 x 10~7
1b Usgal™? 1 198 264 x 107" 8 345 406 x 107°
PRESSURE SI Unit, Pa (pascal, kg m~! s~2)
dyn cm™? 1 x 107 (%) 1 x 10 (*)
at (kgf cm™?) 980 665 x 107 (*) 1 019 716 x 10~%!
atm (atmosphere) 101 325 (*) 9 869 233 x 10~12
bar 1 x 10°% (*) 1 x 1075 (*)
1bf in~? (p.s.i.) 6 894 757 x 1073 1 450 377 x 10~1°
1bf ft~? 47 880 x 1073 20 886 x 107°
inHg (inch of mercury) 3 386 388 x 1073 2 952 999 x 1071°
mmHg (millimeter of 1 333 224 x 107" 7 500 617 x 107°
mercury, torr)
ENERGY SI Unit, J (joule, kg m? s~?)
erg 1 x 1077 (*) 1 x 107 (%)
cal (I.T. calorie) 41 868 x 107" (*) 2 388 45% x 1077
calyy (thermochemical calorie) 4 184 x 107° (%) 2 390 057 x 1077
kW B (kilowatt hour) 36 x 10° (*) 2 777 778 x 10”13
1 atm 101 325 x 10™% (%) 9 869 233 x 107°
ft 1bf 1 355 818 x 10™° 7 375 622 x 1077
hp h (horse power hour) 2 684 519 - 3 725 062 x 1071°%
Btu (British thermal unit) 1 055 056 x 10 9 478 172 x 107190
An asterisk (*) denotes an exact relationship.




Hydrogen Fluoride in Non-Aqueous Solvents

COMPONENTS
1.

FVALUATOR.,
Peter G. T.

Fogg

Hydrogen Fluoraide; HF;
[7664-39-3] Department of Applied Chemistry

and Life Sciences,

2. Non-aqueous Solvents Polytechnic of North London,
Holloway, London, N7 8DB, U.K.
January 1989
CRITICAD EVALUATION

The Solubility of Hydrogen Fluoride in Non-aqueous Solvents

Simons (1) measured the solubility of hydrogen fluoride in benzene over the
temperature range 292.7 K to 345.9 K and pressure range 0.32 kPa to
89.2 kPa. Except at partial pressures of hydrogen fluoride below about
0.5 kPa the mole fraction solubility lies below the reference surface
defined by the Raoult's law equation. 1i.e.

“HF Pyr/Phr
1s the partial pressure of hydrogen fluoride and P

o

HF HF
pressure of liquid hydrogen fluoride. The behaviour differs from that of
the other hydrogen halides. Mole fraction solubilities in benzene of these
gases lie above this reference surface. Simons' data for hydrogen fluoride
are self-consistent but there are no other data on this system available
for comparison. They may be accepted on a tentative basais.

where P the vapor

Simons also measured the solubility of hydrogen fluoride in octane 1in the
range 298.3 K to 339.5 K at a total pressure equal to barometric. Mole
fraction solubilities are very low. These measurements may also be
accepted on a tentative basis until further studies have been made.

Matuszak (2) reported the solubility in 1,2-ethanediol, 1,2,3-propanetriol,
1,1'-oxybis[3-methylbutane] and in 1,1'-oxybisbhenzene, each at a single
temperature 1n the range 295.4 K to 304.3 K and single pressure of either
98.93 kPa (742 mmHg) or 99.59 kPa (747 mmHg). On the basis of analogy with
the behaviour of the other hydrogen halides 1t 1s to be expected that the

mole fraction
high relative
Mole fraction

solubility of hydrogen fluoride in these solvents should be
to the reference values based upon the Raoult's law equation.
solubilities from Matuszak's measurements are as follows

Solvent PHF/mmHg T/K XUF Reference
value
PHF/PHF
1,2-ethanediol 742 302.0 0.916 0.705
1,2,3-propanetriol 747 295.4 0.946 0.886
1,1'-oxybas[3-methylbutane] 742 297.6 0.799 0.820
1,1'-oxybisbenzene 742 304.3 0.583 0.653

This author's measurement of the solubility of hydrogen chloride in
1,2-ethanediol 1s consistent with measurements by Gerrard & Macklen.
values for the solubility of hydrogen chloride in
1,1'-oxybis([3-methylbutane] and in 1,1'-oxybisbenzene are lower than those
reported by others. The evaluator recommends that these solubility data
for hydrogen fluoride should be treated as semi-qualitative until they have
been confirmed by other workers.

Has

Hartman (4) reported the solubility in fluorosulfuric acid at four
temperatures from 299.8 K to 333.2 K at a pressure of 101.3 kPa. Mole
fraction solubilities are high, relative to the reference line based upon
the Raoult's law equation, and are self-consistent. No experimental
details were given. No other measurements are available for comparison and
the reliability of these data cannot be judged.

REFERENCES

1. Simons, J. H. J. Am. Chem. Soc. 1931, 53, 83-87.

2. Matuszak, M. P. U. S. Patent 2,520,947 September 5, 1950.
3. Gerrard, W.; Macklen, E. D. J. dppl. Chem, 1960, 10, 57-62.
4, Hartman, B. F. (. S. Patent 2,434,040 January 6, 1948.




2 Hydrogen Fluoride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen fluoride; HF; Simons, J. H.
[(7664-39-3]
J. Am. Chem. Soe. 1931, 53,
(2) Octane; CgHyg7 [111-65-9] 83 - 87.
VARIABLES: PREPARED BY:
T/K: 298.3 - 339.5
HF P/kPa: 85.7 - 97.5 W. Gerrard

(643 - 741 mmHg)

{smoothed data calculated by H.L, Clever)

EXPERIMENTAL VALUES:

T/K Pressure Mol Fraction
pl/mmHg x
[293.15 735 0.00372]
298.3 0.00338
{303.15 727 0.00305]
309.2 0.00276
[313.15 714 0.00253]
318.2 0.00235
[323.15 695 0.00213]
324.2 0.00194
[333.15 666 0.00181)
339.5 0.00170

11.6022.

assumed to be 745 mmHg.

The mole fraction values are from the equation 1ln z)

The compiler calculated the smoothed values given in [ ].

1761.06/ (T/K)

The HF vapor pressures were calculated by subtracting the octane vapor
pressure at each temperature from the barometric pressure which was

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Three vessels were connected by taps.
Vessel X contained the liquid HF, and
was furnished with an inlet tube
passing to the bottom. The exit tube
was flush with the top of X, and it
then became the inlet tube for vessel
Y which contained the octane. This
inlet tube passed to the bottom of
the absorption vessel, Y.

The outlet tube from Y was flush with
the top of Y; but it was not clear
where it went after that. These two
vessels were immersed in separate
thermostats. A vertical tube
carrying a tap passed from the bottom
of vessel Y, and was attached to a
tapped vessel Z of about 20 cm3
capacity for the reception of a
sample of solution for the determina-
tion of hydrogen fluoride by titra-
tion with sodium hydroxide (excess)
and hydrochloric acad.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen fluoride. Prepared
as described by Simons (1).
It was distilled directly into
the dry apparatus filled with
nitrogen.
(2) Octane. Self prepared. Dried
with phosphorus pentoxide and
sodium, and distilled directly
into the apparatus.

ESTIMATED ERROR:

REFERENCES:
1. Simons, J. H.
J. Am. Chem. Soc. 1924, 46, 2179.




Hydrogen Fluoride in Non-Agueous Solvents

COMPONENTS :

(1) Hydrogen fluoride; HF;

[7664~39-3]

(2) Benzene; CgHg; {71-43-2]

Simons, J. H.

83 -~ 87.

J. Am. Chem. Soc. 1931, 53,

T/K Pressure
p1/mmHg

Mol Fraction

z1

T/K Pressure
p1/mmHg

Mol Fraction

1

Equilibrium vapor pressure of

liquid HF at 292.65 K

[293.15 669

294.6
294.7
295.1
296.2
297.3
297.3
298.9
300.3
302.4
302.5

[303.15 625

304.2
306.0
307.0
308.7
309.8
312.2
312.3
312.5

[313.15 561

315.4
317.8
317.9
319.1

[323.15 473.6

324.1
327.1
327.2
327.2

[333.15 354.9

334.1
335.5
335.6
345.9

Equilibrium vapor pressure of

0.0673]

0.0653
0.0650
0.0648
0.0530
0.0625
0.0620
0.0596
0.0588
0.0556
0.0548

0.0548]

0.0525
0.0507
0.0495
0.0510
0.0468
0.0442
0.0437
0.0427

0.0422)

0.0394
0.0382
0.0365
0.0332

0.0298]

0.0280
0.0246
0.0248
0.0243

0.0180]

0.0167
0.0150
0.0155
0.00395

liquid HF at 273.15 K

[293.15 303
294.1
298.7
300.6
[303.15 283

303.3
306.0

[313.15 254

313.6
323.1

0.0432]
0.0425
0.0384
0.0368
0.0355]

0.0346
0.0330

0.0275]

0.0277
0.0201

Equilibrium vapor pressure of

liquid HF at 273.15 K (continued)

[323.15 214

325.1
329.4

[333.15 160

334.3
338.2

0.0196)

0.0181
0.0150

0.0117])

0.0108
0.0084

Equilibrium vapor pressure of
liquid HF at 255.15 K

[293.15 147

293.9
294.0
294.1
296.1
301.1

[303.15 137

304.3
304.9
311.1

[313.15 123

313.9
322.1

[323.15 104

325.9
331.2

[333.15 77.5
333.7

0.0385]

0.0382
0.0381
0.0375
0.0355
0.0327

0.0315]

0.0306
0.0323
0.0258

0.0244]

.0244
.0184

.0173}

0.0161
0.0117

0.0102]
0.0098

O OO

Equilibrium vapor pressure of
liquid HF at 196.15 K

292.7
[293.15 4.5

296.7
303.1

[303.15 4.2
311.4
[313.15 3.8
318.1
[323.15 3.2

326.0
329.1

[333.15 2.4

333.9
338.1

0.0249
0.0248)

0.0227
0.0208

0.0203)
0.0163
0.0158]
0.0128
0.0112]

0.0098
0.00825

0.0071}

0.0067
0.00557

TS . e e B4 A
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Hydrogen Fluoride in Non-Aqueous Solvents

(2.4 - 669 mmHg)

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen fluoride; HF; Simons, J. H.
[7664-39-3]
J. Am, Chem. Soe. 1931, 53,
(2) Benzene; C6H6; [71-43-2] 83 - 87.
VARIABLES: PREPARED BY:
. T/K: 296.1 ~ 345.9
P/kPa: 0.32 - 89.20 W. Gerrard

EXPERIMENTAL VALUES:

The mole fraction values in [ ]

and the equation:
p1/mmHg

where pj§ is

See preceeding page.
are smoothed values of the author.

The HF partial pressure values were calculated from the data below

=[ (pbarometer/mm}{g - P%/mmﬂg)/Pbarometer/mmﬂgl Pﬁ/mﬂmg

the equilibrium vapor pressure of HF at the HF liquid temper-
ature, and pY is the solvent equilibrium vapor pressure at the temperature
of the solubility measurement. The author's values are below.

T/K Hydrogen Benzene Average
Fluoride Barometer
p{/mmHg  p5/mmig p barometer/mmHg

196.15 5.1 750
255.15 166 740
273.15 342 742
292.15 760 745
293.15 768 75.6
303.15 1070 120.2
313.15 1470 183.6
323.15 1990 271.4
333.15 2630 390.1

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Three vessels are connected by taps.
Vessel I contains the liquid HF. It
is furnished with an inlet tube
passing to the bottom. The exit tube
1s flush with the top of I, and passes
to the bottom of vessel II. The
outlet tube from II is flush with the
top and can be opened to the atm.

The two vessels are immersed in
separate thermostats. Vessel I
controls the partial pressure of HF,
vessel II contains the solvent at the
temperature of the solubility measure

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen fluoride. Prepared as
described by Simons (l1). It was
distilled directly into the dry
apparatus filled with nitrogen.

(2) Benzene. Thiophene free. Dried

with phosphorus pentoxide and
sodium, and distilled directly
into the apparatus.

ment. A vertical tube passes from the
bottom of II to vessel III for the
reception of a sample of solution for
chemical titration. The sample is
reacted with excess NaOH, and back

ESTIMATED ERROR:

titrated with HCl.

Vessel I is maintained at a chosen
temperature of 292.65 K (normal b.p.

REFERENCES:
1. Simons, J. H.
J. Am. Chem. Soe. 1924, 46, 2179,

of HF) or lower to control the HF
partial pressure.

The partial pressure of HF above the saturated solution
in II is calculated from the vapor pressure of HF in I, the vapor pressure
of solvent in II, and the barometric pressure.




Hydrogen Fluoride in

Non-Aqueous Solvents

COMPONENTS :

(1) Hydrogen fluoride; HF;

[7664-39-3]

ORIGINAL MEASUREMENTS:

Matuszak, M. F.

U.S. Patent 2,520,947
(2) 1,2-Ethanrediol September 5, 1950
1,2,3-Propanediol
1,1'-Oxybis[3-methylbutane) Chem. Abstr. 1950, 44, 11044g
1,1'-Oxybisbhenzene
VARIABLES: PREPARED BY:
T/K: 295.2 - 304.3
P/kPa : 98.93 - 99.59 W. Gerrard

(742 - 747 mmHg)

EXPERIMENTAL VALUES:

Temperature Pressure HF Absorbed* Mole Ratio** Mole
t/°F T/K P/mmHg g HF per 100 g nHF/nZ Fraction**
component 2 X
HF

1,2-Ethanediol, (ethvlene glycol);
C2H602; [107-21-1]

84 302.0 742 350 10.86 0.916
1,2,3-Propanetriol, (glvcerol);
C3H803; [56-81-5]

72 295.4 747 382 17.6 0.946
1,1'-Oxybas(3-methylbutane], (diisoamvl ether);
C oHp 05 [544-01-4]

76 297.6 742 50.5 4.00 0.799
1,17-Oxybisbenzene, (diphenvl ether);
C12H100; [101-84-8]

88 304.3 742 16.4 1.396 0.583

*
oxycompound."

** calculated by the compiler.

The author's statement was "HF absorbed, weight per cent of

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE

No information

SOURCE AND PURITY OF MATERIALS:

No information

ESTIMATED ERROR:

REFERENCES:




6 Hydrogen Fluoride in Non-Aqueous Solvents

COMPONENTS ¢

(1) Hydrogen fluoride; HF;

[(7664-39-31]

Fluorosulfuric acid or fluo-
sulfonic acid; FHO3S;[7789-21-l]

(2)

ORIGINAL MEASUREMENTS:
Hartman, B. F.

U, S. Patent 2,434,040, Jan.

VARIABLES: T/K = 299.8 - 333.2 PREPARED BY:
p/kPa = 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature Hydrogen Fluoride Mol Fraction
10%w;/wt % dissolved
t/°F T/K in fluosulfonic acid z;
at one atm
80 299.8 58.0 0.874
100 310.9 33.0 0.711
120 322.0 18.0 0.523
140 333.2 11.0 0.382

The compiler calculated the mole fraction values.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

No information.

SOURCE AND PURITY OF MATERIALS:

No information.

ESTIMATED ERROR:

REFERENCES :




Hydrogen Chloride in Non-Aqueous Solvents 7

COMPONENTS: EVALUATOR:
H. Lawrence Clever
(1) Hydrogen chloride; HC1; Chemistry Department
[7647-01-0} Emory University

Atlanta, GA 30322 uUsa
(2) Alkanes
1986, November

CRITICAL EVALUATION:
The Solubility of Hydrogen Chloride in Alkanes.

Seven papers (ref 1 - 7) report measurements of the solubility of
hydrogen chloride in seven normal alkanes and one branched alkane. Some of
the measurements were made as a function of pressure at partial pressures
well below atmospheric pressure. Other measurements were made at only one
pressure at or near atmospheric pressure. The measurements cover the temper-
ature interval of 194.6 to 475 K.

Two trends have been observed in evaluating the solubility of gases in
normal alkanes which are also expected for hydrogen chloride. The trends
are:

(7) the temperature coefficient of solubility of a gas is the same for
all alkanes at a given temperature. This is because a given gas has nearly
the same enthalpy of solution in all normal alkanes.

(Z¢) at a given temperature and gas partial pressure the mole fraction
solubility increases with normal alkane chain length. The increasing contact]
area of the alkane with carbon number will allow more solute molecules to
contact the alkane which results in a larger mole fraction solubility.

Henry's law can be a helpful relationship in the evaluation of gas sol-
ubility data. The hydrogen halides are non-ideal gases, their solutions are
non-ideal, and there is a question as to whether or not their solutions
obey Henry's law over even a low partial pressure range, especially for
solvents with some basic character. Of all the solvents the normal alkanes
probably show the least basic character. The HCl + heptane solubility data
of Brown and Brady (ref 3) and Strohmeir and Echte (ref 4) at eight temper-
atures between 194.6 and 272.9 K strongly indicate that Henry's law is a
good approximation to the solubility behavior of the system. The evidence
is presented in Figure 1. When Henry's law, in the form

(ry/kPa) = (ky/kPa)x;,is put in logarithmic form 1ln(pj/kPa)=ln ky + 1n x4,

it is seen that a plot of 1ln (p;/kPa) wvs. 1ln x,; should be linear and of
unit slope. The HCl + heptane data plotted in Figure 1 is linear and
averages within 2 percent of unit slope. The gas partial pressures range
from 1.1 to 47.8 kPa. Thus the present evaluation will assume a Henry's

law like model can be used to help evaluate the data. It is further assumed
that the relationship is valid to 101.3 kPa (atmospheric pressure).

Both O'Brien and Kenny (ref 2) and Ryabov et al. (ref 7) present
pressure dependent solubility data for the HCl + hexane system. The Ryabov
et al. experiment appears to be seriously flawed. The data scatter badly,
and the atmospheric pressure values at several temperatures appear to be
too small when compared with other data. The 0'Brien and Kenny data when
plotted in logarithmic form are approximately linear, but the slope is 7 per
cent larger than unity. Although these experiments do not support the Henry
law model well, we believe the Strohmeir and Echte experiments on HCl +
heptane are definitive, and accept Henry's law for all of the HCl + alkane
systems.

The HCl + alkane mole fraction solubilities at 101.3 kPa are shqwn in
Figure 2 and given in Table 1l as a function of temperature. In the figure
is plotted 1ln x; vsa. 1000/ (T/K) . The HCl vapor pressure and Raoults law
were used to construct an ideal solubility line at.191.3 kPa_partlal pres-
sure (the line also represents the 101.3 kPa solubility predicted by ?he
Gerrard reference line). Also given in Table 1 are Henry's gogstants in
kPa. The Henry's constants reproduce the low pressure solubility values of
the HCl + heptane system with an average deviation of 0.9 percent.

Figure 2 allows the expected trends of a simil§r tgmperatgre coe§f1c1-
ent of solubility and of an increasing solubility with increasing chgln
length for the HCl + alkane systems to be checked. The results are disap-
pointing. The figure indicates the HC1l + alkane data do not make up a
self-consistent set of solubility data. The figure shows that the HCl +




8 Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HCL; H. Lawrence Clever
[7647-01-0]} Chemistry Department
Emory University
(2) Alkanes Atlanta, GA 30322 USA
1986, November

CRITICAL EVALUATION:

Figure 1.
Hydrogen chloride + HC! + Heptane T/K Slops Ref
Heptane 4T 2729 100 SE
2584  1.030 SE
in (p;/kPa) ve. ln z,
2416 L019  8E
; 230. 1.0
The near unit slope 2::: |o: :E
indicates the system < 3T i ’ E
behaves in a Henry's o 2096 1.0I4 SE
law like ran-ei. E 200.8 1034 SE
- 19464 1.026 BB
SE = Strohme.r, Echte s
(ref 4) - 27
BB = Brown, Brady (ref
3)
'4—
} t t i
-6 -5 -4 -3

LN X,

heptane data of Brown and brady (ref 3) and Strohmeir and Echte (ref 4), and
the HCl + decane data of Gerrard, Mincer and Wyvill (ref 5) best represent
the behavior of HCl in alkanes. The HCl + hexane data of Ryabov et al/. (ref
7) appear to be too low and of a different temperature coefficient of
solubility. The HC1l + hexadecane data of Tremper and Prausnitz (ref 6) do
not fit the expected pattern well. Near 300 K the mole fraction solubility
values are smaller than expected on comparison with the heptane and decane
data. Above 400 K the values are nearer the expected magnitude. However,
the temperature coefficient of solubility is gquite different from that of
the systems considered most reliable.

Not all of the data points of Bell (ref 1) and Ryabov et al. (ref 7)
are shown on Figure 2. Bell reported one solubility wvalue at 293.2 K for
each of four hydrocarbons. From the location of Bell's solubility values on
Figure 2 we believe his values are reliable with the possible exception of
the hexadecane value.

Each HCl + alkane system is discussed further below.
1. Hydrogen chloride + Pentane; CgHy,; [109-66-0]

Ryabov et al.(Ref 7) report one mole fraction solubility value at
101.3 kPa and 298.2 K. It appears to be too small and is classified as
doubtful.

2. Hydrogen chloride + Hexane; CgHy,: [{110-54-3]

Three papers report rather discordant measurements of the solubility
of HCl in hexane. Probably the most reliable value is the single value
reported by Bell (ref 1) at 101.3 kPa and 293.2 K. O'Brien and Kenny (ref
2) report four values measured at pressures between 2.10 and 10.84 kPa
HCl at 298.2 K. The data recalculated as Henry's constant show some scattern
and lead to an atmospheric pressure value that is nearly 20 per cent below
the Bell value. Ryabov et al. (ref 7) report solubility values at 101.3 kPg




Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HC1; H. Lawrence Clever
[7647-01-0] Chemistry Department
Emory University
(2) Alkanes Atlanta, GA 30322 uUsa
1986, November

CRITICAL EVALUATION:

at six temperatures between 283.2 and 313.2 K. It appears that they made
measurements at a number of HCl partial pressures, but a complete data set
is given for only the 298.2 K measurements. As discussed earlier their
experiment appears to be flawed. The pressure dependent data at 298.2 K
scatter badly, and all of their values appear to be low. The results are
classed as doubtful.

3. Hydrogen chloride + Heptane; CoHyg: [142-82~5]

The data reported by Brown and Brady (ref 3) and Strohmeir and Echte
(ref 4) are classed as tentative. However, they may be the most reliable
data available for HCl + alkane systems. Their pressure dependent data
appears to obey Henry's law (Figure 1l). The Henry's constants given in
Table 1 regenerate the experimental data from these papers with an average
deviation of 0.9 percent. The 101.3 kPa mole fraction solubilities calc-
ulated from these data are plotted in Figure 2. A single value at 101l.3 kPa
and 298.2 K of Ryabov ¢t al. (ref 7) appears to be too small and is classed
as doubtful.

4. Hydrogen chloride + Octane; CgHygs [111-65-9]

Bell (ref 1) reports a single value at 101.3 kPa and 293.2 K which is
classed tentative. Ryabov et al. (ref 7) report a single value at 101.3 kPa
and 298.2 K which is classed doubtful.

5. Hydrogen chloride + 2,2,4~Trimethylpentane; CgHygi [540-84-1]

One value at 101.3 kPa and 298.2 K is reported (ref 7). The branched
alkanes do not always fit a predictable pattern of gas solubility. The
present value is suspected of being low. It is classed doubtful.

6. Hydrogen chloride + Decane; CjgH,,; [124-18-5]

Gerrard, Mincer, and Wyvill (ref 5) report the only data on the system
They report eleven measurements at 101.3 kPa between the temperatures of
269.2 and 319.2 K, The data show some scatter (Figure 2), but they do show
the expected trends in mole fraction solubility and temperature coefficient
of solubility relative to the HCl + heptane data.The data are classed as
tentative.

7. Hydrogen chloride + Dodecane; CjyHoe; [112-40-3]

Bell (ref 1) reports a single measurement at 101.3 kPa and 293.2 K.
The value fits the expected pattern of solubility in alkanes fairly well,
and it is classed as tentative.

8. Hydrogen chloride + Hexadecane; [544-76-3]

Ci6f34?

Bell (ref 1) reports a single solubility value at 101.3 kPa and 293.2
K. Tremper and Prausnitz (ref 6) report seven Henry's constant values at
temperatures between 300 and 475 K. The Henry's constant values have been
converted to mole fraction values at 101.3 kPa. They are shown in Figure
2 and given in Table I. At 293.2 K the extrapolated solubility value of
Tremper and Prausnitz is 12 percent lower than the Bell value. Bell's
value already appears to be low when compared with the solubility values
of HCl in heptane and decane at 293.2 K.

Tremper and Prausnitz used modern equipment, established techniques,
and took account of the non-ideality of the gas state in their calcula-
tions. They state their reproducibility is one percent. Thus, it is of
concern to inspect Figure 2 and see that their data does not fit the over-
all pattern well. Their results near 300 K appear to be too small when
compared to the HCl solubility in other alkanes. Their temperature coef-
ficient of solubility differs from that of other systems. At this time it
is not possible to decide whether the HCl + dodecane or the HCl + heptane
and decane solubility curves (Fig 2) best represent the typical behavior
of HCl in a normal alkane. New experimental results are needed.
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COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HCI; H. Lawrence Clever
[7647~01-0] Chemistry Department
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(2) Alkanes Atlanta, GA 30322

1986, November

In x,

CRITICAL EVALUATION:

Inx, vs 1000 K/T
F’,/kPa = |01.3
-2 o_—-
-30-1
ref.
-40—4— Hexane < 7
A !
1 v 2
Heptane o 3
o 4
-50—— <o 7
Decane n 5
Hexadecane pa I
A 6
| | | .
! ‘ | ’ ! ' i i
2 3 4 5

1000 K/ T

Figure 2. Hydrogen chloride + Normal Alkanes

ln «; ve. 1000 K/T

The plain line represents the "ideal" solubility as calculated
assuming Raoults law. The HCl solubilities in heptane and decane

follow expected trends. Except for the ref 1 value the solubilities

in hexane appear to be too small. The solubilities in hexadecane

are smaller magnitude than expected at the lower temperatures, but
near expected magnitudes at the higher temperatures. The HCl +
hexadecane slope agrees poorly with the slopes of the other systems.




Hydrogen Chloride in Non-Aqueous Solvents

1"

Table 1. Hydrogen chloride + alkanes. Henry's constant and mole fraction

solubility at 101.3 kPa as a function of temperature.

Ryabov, V. G.; Solomonov, A. B.; Ketov, A. N.; Bugaichuk, A. M.
Zh. Fiz. Khim. 1979, 53, 2915-6;Russ. J. Physe. Chem. 1979, 53,
1667-8.

T/K Pentane Hexane Heptane Octane Ref.
ky/kPa x, kH/kPa z, ky/kPa z, ky/kPa @y
194.6 600 0.169 3
200.8 689 0.147 4
209.6 901 0.1125 4
220.3 1206 0.0842 4
230.8 1554 0.0657 4
241.6 1941 0.0522 4
258.4 2572 0.0394 4
272.9 3206 0.0316 4
283.2 6220 0.0163 7
293.2 7680 0.0132 7
5140 0.0197 3420 0.0296 1
298.2 21600 0.0047 9050 0.0112 6890 0.0147 6220 0.0163 7
6220 0.0163 2
303.2 9560 0.0106 7
313.2 12840 0.00789 7
323.2 18730 0.00541 7
2,2,4-Tri- Decane Dodecane Hexadecane
methylpentane
ky/kPa x4 ky/kPa z ky/kPa xg ky/kPa x,
264.2 1745 0.0581 5
267.2 1865 0.0544 5
273.2 2140 0.0473 5
]273.4 2170 0.0467 5
279.2 2405 0.0421 S
283.2 2465 0.0411 5
288.4 3015 0.0336 5
293.2 3230 0.0314 3750 0.0270 1
293.4 3155 0.0321 5
298.2 3400 0.0298 5
6580 0.0154 7
300 4565 0.0222 6
306.7 4100 0.0247 5
319.2 4690 0.0216 5
325 5505 0.0184 6
350 6665 0.0152 6
375 7915 0.0128 6
400 9210 0.0110 6
425 10340 0.00980 6
450 11250 0.00901 6
475 11750 0.00862 6
REFERENCES:
1. Bell, R. P. J. Chem. Soe. 1831, 1371-82.
2. O'Brien, S. J.; Kenny, C. L. J. 4m. Chem. Soe. 1940, 62, 1189-92.
3. Brown, H. C.; Brady, J. D. J. Am. Chem. Soe. 1952, 74, 3570-82.
4, Strohmeir, W.; Echte, A. 2. Elektrochem. 1957, 61, 549-55.
5. Gerrard, W.; Mincer, A. W. A.; Wyvill, P. L. J. Appl. Chem. 1959,
9, 89-93.
6. Tremper, K. L.; Prausnitz, J. M. J. Chem. Eng. Data 1976, 21, 295-99.
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Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS ¢

(1) Hydrogen chloride; HC1;

ORIGINAL MEASUREMENTS:

Ryabov, V. G.; Solomonov, A. B.;

7647-01-0 Ketov, A. N.:; Bugaichuk, A. M.
(2) Alkanes; CgHy,, CgHygr CoHig. Zh. Fiz. Khim. 1979, 53, 2915 - 6.
and CgHig Russ. J. Phys. Chem. 1979, 53,

1667 - 8.

VARIABLES: PREPARED BY:

T/K: 298.15 H. L. Clever
P/kPa: 101.325
EXPERIMENTAL VALUES:
T/K Mol Fraction'

®1

Pentane; CgHj,; [109-66-01

298.15 0.0047 * 0.0001
Hexane; CgHy,; [110-54-31]

298.15 0.0112 + 0.0001
Heptane; CqHyg: [142-82-5]

298.15 0.0147 * 0.0003
Octane; CgHyg; [111-65-9]

298.15 0.0163 + 0.0004

2,2,4-Trimethylpentane or isooctane;
CSHIS; [540-84-11]
0.0154 ¢

298.15 0.0002

! The authors reported the solubility as
mole per cent. The compiler moved the decimal
point and reports mole fraction.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The hydrogen chloride was bubbled
through a thermostated layer of the
hydrocarbon.

Samples were removed at specified
times, washed with distilled water,
and the aqueous extract titrated
with 0.1 N sodium hydroxide.

Saturation was confirmed by taking
2 to 3 more samples after the
time concentration curve leveled.

SOURCE AND PURITY OF MATERIALS:

No information.

ESTIMATED ERROR:

The uncertainty is described by the
authors as a fiducial probability
of 0.99.

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1:; Bell, R. P.
[7647-01-01
J. Chem. Soec. 1931,
(2) Alkanes; C6H14, c8H18' C12H26, 1371 - 1382.
and C,.H
1634
VARIABLES: PREPARED BY:
T/K = 293.15 W. Gerrard

P/kPa = 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Partition Mol Fraction
Coefficient x]
c1,1/c1,9

Hexane; CgHygi [110~54-3]

293.15 3.64 0.0197
Octane; CgH,g; [111-65~9]
293.15 4.50 0.0296

Dodecane; Cj,H,¢? [112-40-3]
293.15 3.42 0.0314

Hexadecane; C16H34;[544-76-—3]a
293.15 2.28 0.0270

The ideal gas concentration at p; = 1 atm

is ¢, ,/mol am™3 = n/V = p/RT = 0.0417.
’

2 named cetane in the original paper.

AUXILIARY INFORMATION

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

The apparatus consisted of a 50 cm? (1) Hydrogen chloride. Prepared by
bulb extended at the top as a dropping pure concentrated
graduated tube, and sealed at the hydrochloric acid into pure
bottom to a capillary U-tube. The sulfuric acid.

liquid was saturated with gas at

atmospheric pressure. The gas was (2) Alkanes. Good specimens were
displaced from the saturated solu- dried over calcium chloride,
tion by a current of dry CO; free and distilled. Boiling points are
air, absorbed in water, and given in paper.

titrated with a solution of NaOH.

3
The solubilit e/mol dm~ » Was
converted to leartition coefficient {ESTIMATED ERROR:

by dividing by the ideal gas con- 8T/K
centration of HCl in the gas phase. sc/c

0.0
0.0l

The mole fraction solubility was

calculated on the assumption that REFERENCES :
the density of the solution obeys
the ideal mixture law.




14 Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; O'Brien, S. J.; Kenny, C. L.
[7647-01-01
J. Am. Chem. Sce. 1940, 62,
(2) Hexane; C.H, ; [(110-54-3] 1189 - 1192. —
VARIABLES : PREPARED BY:
T/K: 298.15
P/kPa: 2.09 - 10.87
(15.7 - 81.5 mmHg) W. Gerrard
EXPERIMENTAL VALUES:
T/K Pressure Molality Henry's Mol Ratio Mol Fraction
Constant
p1/mmHg  m3/mol kg~l k! ny1/n2 z1
298.15 15.7 0.0042 4.9 0.000362 0.000362
28.3 0.0073 5.1 0.000629 0.000629
49.2 0.0111 5.8 0.000956 0.000956
81.5 0.020 5.4 0.00172 0.00172
(760 5.3 0.0160) 2

k/atm mol=1 kg

constant. Use of the high and low
gives a range of 0.0146 to 0.0173
at one atm (101.325 kPa).

Value calculated by the compiler from the average value of Henry's

values of Henry's constant
for the mole fraction solubility

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method and apparatus are those of
Saylor (1) as modified by O'Brien et
al. (2). The main difference is the
use of a 1 to 2 day instead of a 5 to
7 day equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
chemically pure potassium
chloride and sulfuric acid. Dried
by phosphorus pentoxide.

Hexane. Eastman Kodak Co.
Attested by refractive index,

ng° 1.3741.

(2)

and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is guantitatively removed

ESTIMATED ERROR:

and titrated with NaOH. The HC1
partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaOH.

§T/K = 0.02
REFERENCES ;
1. Saylor, J. H.
J. Am. Chem. Soe. 1937, 59, 1712,

2. O'Brien, S. J.; Kenny, C. L.
Zeurcher, R. A.
J. Am. Chem. Soe. 1939, 61, 2504.
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-01

(2) Hexane; CgHjg:[110-54-31

ORIGINAL MEASUREMENTS:

Ryabov, V. G.; Solomonov, A. B.;
Ketov, A. N.; Bugaichuk, A. M.

Zh. Fiz. Khim. 1979, 53, 2915 - 6.

Rues. J. Phys. Chem., 1979, 53,
1667 - 8.

VARIABLES:

T/K: 298.15
P/kPa: 9.626 - 101.325
( 0,095 - 1,00 atm)

PREPARED BY:
H. L. Clever

EXPERIMENTAL VALUES:

T/K Gas Phase Order of

Mol Fraction? Standard Confidence

HC1 Measurement x1 Error Interval
Mol &!

298.15 9.5 2 0.00027 0.001 +0.001
22.1 6 0.00175 0.001 +0.004
24.2 8 0.00208 0.005 +0.009
35.5 9 0.0032 0.012 +0.02
47.8 3 0.00252 0.002 +0.003
56.7 5 0.00445 0.004 +0.006
74.1 7 0.01018 0.003 +0.01
76.3 10 0.0103 0.006 +0.01
76.6 4 0.0089 0.029 +0.05
88.0 12 0.01045 0.009 +0.019
97.1 11 0.01099 0.003 +0.006

100.0 1 0.0112 0.0024 +0.01

! The gas phase is HCl plus an inert gas. The inert gas is not identified.

2The original paper reports the HCl solubility as mole per cent. The
compiler has moved the decimal point and reports mole fraction.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The hydrogen chloride was bubbled
through a thermostated layer of the
hydrocarbon.

Samples were removed at specified
times, washed with distilled water,
and the aqueous extract titrated
with 0.1 N sodium hydroxide.

Saturation was confirmed by tak@ng
2 to 3 more samples after the time
concentration curve leveled.

The measurements were made in the
random order given in the table
above.

SOURCE AND PURITY OF MATERIALS:

No information.

ESTIMATED ERROR:

See table above for author§ values
of standard error and confidence
interval.

REFERENCES:

P—
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Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS «

(1) Hydrogen chloride; HC1;

ORIGINAL MEASUREMENTS:

Ryabov, V. G.; Solomonov, A. B.:;

[7647-01-0] Ketov, A. N.; Bugaichuk, A. M,
(2) Hexane; CgHj,; [110-54-3] Zh. Fiz. Khim. 1979, 53, 2915 - 6.
Russ. J. Phys. Chem. 1979, 53,
1667 - 8.
VARIABLES : PREPARED BY:
T/K: 283.15 - 323.15
P/kPa: 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
T/K Mol Fraction
x1
283.15 0.01630
293.15 0.01316
298.15 0.0112 + 0.0001
303.15 0.01060
313.15 0.00789
323.15 0.00541

the equation

Y(mol %) =

temperature is t/°C.

The authors fitted their results on a computer to

-2.577 + 403.143/(t + 50) - 9055.09/(t + 50)2

The standard deviation was 0.029 mole per cent, and the
variance was 0.003 (mole per cent)?.

In the equation the

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The hydrogen chloride was bubbled
through a thermostated layer of the
hydrocarbon.

Samples were removed at specified
times, washed with distilled water,
and the agueous extract titrated
with 0.1 N sodium hydroxide.

Saturation was confirmed by taking
2 to 3 more samples after the
time concentration curve leveled.

SOURCE AND PURITY OF MATERIALS:

No information.

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS ¢

(1) Hydrogen chloride; HCl:;
[7647-01-0]

(2) Heptane; C7H16’ [142-82-5]

ORIGINAL MEASUREMENTS:
Brown, H. C.; Brady, J. D.

J. Am. Chem. Soe. 1952, 74,
3570 - 3582.

VARIABLES: T/K: 194.64
P/kPa: 3.921 - 9.503
(29.41 - 71.28 mmHg)

PREPARED BY:
W. Gerrard

EXPERIMENTAL VALUES:

T/K Pressure

Equilibrium Mixture

Mol Fraction Henry's Constant

pl/mmHg nl/mmol nz/mmol @y K/mmHg = pl/xl
194.64 29.41 0.217 32.57 0.00662 4443
55.30 0.402 32,57 0.01219 4537
71.28 0.520 32.57 0.01571 4537

4520' (5.947 atm)

The authors' value.
linear.

maximum recorded above.

mixtures.

The plot of pressure vs. mole fraction was read as
The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the

The compiler calculated the values of Henry's constant for the

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

By means of high precision high vacuum
equipment and procedure the change of
the pressure of the gas phase due to
absorption was accurately measured at
194,64 K.

The mole fraction of hydrogen chloride
in the liquid phase was calculated.
The solubility was finally expressed
As the Henry's constant, K/mmHg = HCl
Pressure/mole fraction.

Henry's constant is the pressure
(numerically) at which zy = 1, and it

hay deviate widely from the reported
value of pi = 1.43 atm (1087 mmHg),

the vapor pressure of pure liquid
hydrogen chloride at 194.64 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not stated,
but may be taken as of high
gquality.

(2) Heptane. Thoroughly attested as
of high quality. Values of the
boiling poaint and refractive
index are in the paper.

ESTIMATED ERROR:

REFERENCES :

o Ry B g WHI Pt 1 crmaspdan pragimh Sastoet ety i
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Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS :
(1) Hydrogen chloride; HCl;
[7647-01~0]

(2) Heptane; C7H H

16° [142-82-5]

ORIGINAL MEASUREMENTS:

Strohmeir, W.; Echte, A.

2. Elektrochem. 1957, 61, 549-555.

VARIABLES:/ 200.8 272.9 PREPARED BY:
T/K: . - .
p /umHg: 8.3 - 358.8 W. Gerrard
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole p ;/mmHg
Fraction
T
0.001651 8.3 10.8 14.5 18.7
0.003677 18.9 24.8 33.1 42.4
0.005000 25.9 33.9 45.2 57.6
0.007823 40.8 53.3 71.3 91.7
0.011646 60.5 79.3 105.8 136.1
0.016478 85.6 111.4 150.5 192.1
0.002983 42.2 56.6 71.0
0.004964 71.4 94.8 119.0
0.006764 98.9 130.1 162.6
0.009337 137.1 181.0 223.9
0.011088 162.8 215.0 267.9
0.014766 219.3 288.6 358.8

Henry's constant:

Henry's constant for z, 0 at 272.9 K was given as 24,000 mmHg.

H/mmHg =(p,/mmHg) /x ;.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
gpecified; but may be taken as
of good quality.

(2) Heptane. Purified as for optical

measurements. Dried over

sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES ;

l. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HC1; Gerrard, W.; Mincer, A. M. A.;

[7647-01~0] Wyvill, P. L.
(2) Decane:; ClOHZZ; [124-18-5] J. Appl. Chem. 1959, 9, 89 - 93.
VARIABLES : PREPARED BY:
T/K: 264.15 - 319.15
Total P/kPc: 101.325 (1 atm) W. Gerrard
(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

T/K Mol Ratio Mol Fraction
n n X
HC1l/ CloH22 HC1
264.15 0.0617 0.0581
267.15 0.0575 0.0544
273.15 0.0496 0.0473
273.35 0.0490 0.0467
279.15 0.0440 0.0421
283.15 0.0429 0.0411
288.35 0.0348 0.0336
293.95 0.0332 0.0321
298.15 0.0307 0.0298
306.65 0.0253 0.0247
319.15 0.0221 0.0216

The mole fraction values were calculated by the compiler.

Smoothed Data: 1n Tyel = -8.716 + 15.491/(7/100)

Standard error about regression line = 1.03 x 10—3
T/K Mol Fraction
“HC1
263.15 0.0591
273.15 0.0476
283.15 0.0390
293.15 0.0323
303.15 0.0272
313.15 0.0231
323.15 0.0198
AUXTLIARY INFORMATION
l—
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The solvent was weighed in a bubbler (1) Hydrogen chloride. Good specimen
tube. The amount of gas absorbed was from a commercial cylinder was
determined by reweighing to constant dried.
weight. The total pressure was
barometric, very nearly 1 atm. (2) Decane. Carefully purified,

For determination at temperatures and purity rigorously attested.

below 273 K, a chemical titration was
carried out. After the maximum
absorption at the stated temperature,
the bubbler tube was attached to a
flask containing 1 dm3 of water, and
allowed to warm slowly (12 hours) to

P —

g —s—

room temperature. fThe contents of ESTIMATED ERROR:

the bubbler tube were then added to ST/K
the water, and the total chloride ion S/
was determined by the Volhard method. /=
A low temperature, Teddington-type YM

2 < 273 K
0.025

thermostat was used for temperatures REFERENCE

- S CES:
below 273 K, the control being within
+ 2 K.

L
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Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Tremper, K. L.; Prausnitz, J. M.
(7647-01-0)
(2) Hexadecane; C16H34; J. Chem. Eng. Data 1976, 21,
[544~76~3] 295 - 299.
VARIABLES : PREPARED BY:
T/K = 300 - 475
pz/kPa < 133.3 (1000 mmHg) W. Gerrard

EXPERIMENTAL VALUES:

T/K Partial Molar Henry's Constant
Entropy of Solution
AF;/cal K™! mol™! H; p/atm
3

300 ~4.06 45.0
325 -5.06 54.3
350 -5.14 65.8
375 -4.81 78.3
400 -4,22 90.7
425 -3.47 102.0
450 -2.52 111.0
475 -1.61 116.

Henry's constant was

for 1 atm.

8
pure 1

lim (f;/atm)/z,

defined as H; s/atm
: x1+0

where f; is the fugacity of the gas: the numeral 2
indicates -the hexadecane.

The partial nolar entropy of solution is defined by:

(T,f; = 1 atm) -R(d 1ln Hy 2)/dlnT

85, I EI(T,z; = 1/H; ,) -

The partial molar enthalpy of solution is related by
A%, = TAF;.

The

compiler states that caution should be exercized in using the
expression 1/"Henry's constant” to calculate the mole fraction, Tq,

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

A known amount of gas is added from a
precision gas buret to a known

amount of the hexadecane. Only the
temperature and pressure need be
measured to specify the system
completely (1).

The experimental pressures were not
stated. They were described as being
low; "total pressures were always
less than 1000 mmHg and usually much
less."

The authors state that Henry's law
was checked in some experiments,
however, there is no definite state-
ment that Henry's law was checked for
HCl. Note compiler's caution below
the table.

SOURCE AND PURITY OF MATERIALS:

Not specified; but may be deemed
of acceptable purity.

ESTIMATED ERROR:

§z7/zy = t+ 0.01

REFERENCES :

1. Cukor, P. M.; Prausnitz, J. M.
Ind. Eng. Chem. Fundam. 1971, 10,
638.
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COMPONENTS : EVALUATOR:
1. Hydrogen Chloride; HCI1; Peter G. T. Fogg
[7647-01-0] Department of Applied Chemistry
and Life Sciences,
2. Organic Solvents Polytechnic of North London,

Holloway, London, N7 8DB, U.K.
3. Heptane; CrHie; [142-82-5])

January 1989

CRITICAL EVALUATION:

The Solubility of Hydrogen Chloride in Mixtures of Heptane with
Other Solvents.

Strohmeir & Echte (1) measured the solubility of hydrogen chloride in
heptane at partial pressures from 1.1 kPa (8.3 mmHg) to 47.8 kPa

(359 mmHg) in the temperature range 200.8 K to 272.9 K. Mixed solvents
were prepared which, in most cases, consisted of 0.020 mole of heptane and
0.001 mole of a second solvent. The dioxane-heptane mixture under test
however, consisted of 0.040 mole of heptane with 0.001 mole of dioxane.
Solubility of hydrogen chloride was measured in each of the mixed solvents
at 272.9 K and, in most cases, at other temperatures in the range 200.8 K
to 272.9 K, over pressure ranges below barometric pressure. The variation
of mole fraction solubility with partial pressure of hydrogen chloride
deviates increasingly from linearity the greater the solubility of the gas
in the mixed solvent.

The authors have calculated limiting values of Henry's constant, kH' for
dissolution hydrogen chloride in the mixtures at 272.9 K from the
variation of mole fraction solubility with pressure. These constants are
defined by the relationship:

kH/mmHg = lim.,
+0
*He1

The evaluator has estimated mole fraction solubalities of hydrogen chloride
in the mixtures for a temperature of 272.9 K and a partial pressure of
101.3 kPa. It has been assumed that the variation of partial pressure of
hydrogen chloride with concentration in the solution can be represented by
a Margules equation of the form :

(Pyc1/*yer!

o 2

Pac1 = Phel *mcy exPlall-xyeoy)™)

The contribution of the heptane to the dissolution of the hydrogen chloride
under these conditions has then been estimated. It has been assumed that
this is given by the solubility of the gas in pure heptane multiplied by
the mole fraction of heptane in the original mixed solvent i.e. 20/21 in
most cases. The contribution of the second solvent in a mixture has been
taken to be the difference between the total solubility and the
contribution of the heptane. This has then been used to estimate the
solubility of hydrogen chloride per mole of the second solvent and hence
the apparent mole fraction solubility in this second solvent. Values are
listed below.

For many of these second solvents there are independent values of mole
fraction solubility at 273.15 K and a partial pressure of 101.3 kPa. These
values are also listed below.
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COMPONENTS . EVALUATOR:
1. Hydrogen Chloride; HCl; Peter G. T. Fogg
[7647-01-0) Department of Applied Chemistry
and Life Sciences,
2. Organic Solvents Polytechnic of North London,

Holloway, London, N7 8DB, U.K.
3. Heptane; C,H;¢; [142-82-5]

January 1989

CRITICAL EVALUATION.

Solvent Mixed solvent Pure solvent
X at 101.3 kPa x at 101.3 kPa
HCL (372.9 &) HC1(273.15 k)
(Heptane) (0.032) 0.032 (1)
1,1'-Oxybisethane 0.556 0.543 (2)
1,1'-0Oxybispropane 0.502 (0.529)+
1,1'-Oxybisbutane 0.502 0.515 (3)
1,1'-0xybis[2-chloroethane] 0.235 0.229 (3)
Methoxybenzene 0.199 0.195 (3)
1,1'-Oxybisbenzene 0.175 0.105 (3)
1,1'-[Oxybis(methylene) lbisbenzene 0.413 -
Tetrahydrofuran 0.633 0.624 (3)
1,4-Dioxane 0.610 0.548 (3)
Tetrahydro-2H-pyran 0.552 -
1,1'-Thiobisethane 0.381 (0.397)9(5)
Nitrobenzene 0.198 0.123 (4)
1-Methyl-2-nitrobenzene 0.193 (0.129)*(6)
Tetrachloromethane 0.017 0.022 §

Nitric acid, ethyl ester (ethyl nitrate) 0.092 -
+ mean of values for 1,1'-oxybisethane and 1,1'-oxybisbutane
¥ wvalue for 1,1'-thiobispropane

* estimated from the value at 298.15 K from measurements by O'Brien &
Kenny on the assumption that the temperature coefficient of
solubility at this temperature 1s the same as that for nitrobenzene

§ see page 236

Agreement is good, except in the case of nitrobenzene, 1-methyl-2-
nitrobenzene and 1,1'-oxybisbenzene.

Brown & Brady (7) studied the solubility of hydrogen chloride in mixtures
of heptane or methylbenzene with another solvent. 1In this case, however,
the maximum partial pressure of hydrogen chloride was 9.67 kPa and
extrapolation of solubilities to a partial pressure of 101.3 kPa is not
justified. (see pages 38-40, 70-72)

REFERENCES

1. Strohmeir, W.; Echte, A. Z. Elektrochem. 1957, 61, 549-555,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Strohmeir, W.; Echte, A.
[7647-01-0]
(2) 1,1'-Oxybisethane or diethyl Z. Elektrochem. 1957, 61, 549-555.
ether; C4H100; [60-29-7]

(3) Heptane; C7H16; [142-82-5]

VARIABLES : PREPARED BY:
T/K: 200.8 - 272.9
p,/mmHg: 0.1 - 479.6 W. Gerrard
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole p ,/mmHg
Fraction
‘1
0.005 0.1 0.2 0.5 1.8 3.4 9.4 20.7
0.010 0.2 0.5 1.5 3.4 7.9 20.8 43.8
0.015 0.3 0.8 2.4 5.5 14.2 33.5 70.9
0.020 0.5 1.1 3.8 8.7 20.3 49.2 101.5
0.025 0.7 1.9 5.6 12.7 27.5 66.1 137.3
0.030 1.3 3.0 8.5 19.7 36.5 92.9 176.1
0.035 2.2 5.0 12.3 27.9 53.1 122.3 221.7
0.040 3.7 8.6 19.3 40.2 73.4 158.7 278.4
0.045 6.4 17.2 31.1 58.0 97.7 200.7 334.0
0.050 12.6 25.5 46.7 81.5 127.8 253.1 405.6
0.055 23.4 39.7 72.4 113.0 166.7 312.9 479.6
Henry's constant for z, - 0 at 272.9 K was given as 4000 mmHg.

1

The solvent is 0.001 mole of component (2) + 0.020 mole of

component (3) (heptane) for eac

Henry's constant: H/mmHg = (p,

h measurement.

/mmHg)/x1

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

Diethyl ether. Treated with
Na-K alloy.

Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

(2)

(3)

ESTIMATED ERROR:

REFERENCES ;

l. Brown, H. C.; Brady, J. C.

J. Am. Chem. Soe. 1952, 74, 3570.
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Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1l; Strohmeir, W.; Echte, A.
{7647-01-0])
(2) 1,1'-Oxybispropane or dipropyl Z. Elektrochem. 1957, 61, 549-555.
ether; C_H, 0; [111-43-3]
614
(3) Heptane; C7H16; [142-82~5]
VARIABLES: PREPARED BY:
T/K: 200.8 - 272.9
p,/mmig: 0.25 - 556.0 W. Gerrard
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole pl/mmHg
Fraction
‘1
0.005 0.25 0.5 1.2 2.1 5.3 15.8 27.0
0.010 0.4 1.0 2.6 5.4 11.7 29.3 58.1
0.015 0.6 1.7 4.2 8.9 19.3 47.9 92.1
0.020 0.9 2.5 6.1 13.5 29.4 69.1 130.7
0.025 1.4 3.7 8.7 19.1 41.2 93.7 174.2
0.030 2.1 5.2 12.5 26.9 56.8 123.9 222.3
0.035 3.4 7.8 18.2 38.5 76.6 159.8 276.8
0.040 5.7 12.5 27.0 54.0 101.6 198.0 336.9
0.045 10.5 20.6 39.7 72.9 130.3 245.7 404.0
0.050 18.1 31.3 57.1 97.3 l164.4 297.0 474.0
0.055 28.0 46.0 77.8 127.5 208.6 349.0 556.0

Henry's constant for x,

+ 0 at 272.9 K was given as 5200 mmHg.

The solvent 1s 0.001 mole of component (2) + 0.020 mole of

component (3) (heptane) for each measurement.
Henry's constant: H/mmHg = (pz/mmHg)/xJ
AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SQURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

(2) Treated with

and treated

Dipropyl ether.
KOH; distilled,
with Na-K alloy.
(3) Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES ;
1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.
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COMPONENTS :
(1) Hydrogen chloride; HCl;
[7647-01-0]
1,1'-Oxybisbutane or dibutyl
ether; C8H180; [142-96-1]

Heptane; C7H16; [142-82-5]

(2)

(3)

ORIGINAL MEASUREMENTS:

Strohmeir, W.; Echte, A.

2. Elektrochem. 1957, 61, 549 - 555.

VARIABLES: PRE :
T/K: 200.8 - 272.9 PARED BY: cerrard
p]/mmHg: 0.25 - 556.0 )
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole p7/mmHg
Fraction
T
0.005 0.25 0.5 1.2 2.1 5.3 15.8 27.0
0.010 0.4 1.0 2.6 5.4 11.7 29.3 58.1
0.015 0.6 1.7 4.2 8.9 19.3 47.9 92.1
0.020 0.9 2.5 6.1 13.5 29.4 69.1 130.7
0.025 1.4 3.7 8.7 19.1 41.2 93.7 174.2
0.030 2.1 5.2 12.5 26.9 56.8 123.9 222.3
0.035 3.4 7.8 18.2 38.5 76.6 159.8 276.8
0.040 5.7 12.5 27.0 54.0 101.6 198.0 336.9
0.045 10.5 20.6 39.7 72.9 130.3 245.7 404.0
0.050 18.1 31.3 57.3 97.3 164.4 297.0 474.0
0.055 28.0 46.0 77.8 127.5 208.6 349.0 556.0

Henry's constant for £y

The solvent 1s 0.001 mole of component

component (3) (heptane)

Henry's constant:

+ 0 at 272.9 X was given as 5200 mmHg.

for each measurement.

H/mmHg = (p /mmHg)/x,

(2) + 0.020 mole of

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
lncreased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

Treated with
and treated

(2) Dibutyl ether.
KOH, distilled,
with Na-K alloy.
(3) Heptane. Purified as for
optical measurements. Dried

over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES :
1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.




26 Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Strohmeir, W.; Echte, A.
[(7647-01-0]
(2) 1,1'-Oxybis[2-chloroethane] or Z. Elektrochem. 1957, 61, 549 - 555.
2,2'-dichloroethyl ether;
C4H80120; [111-44-4]
(3) Heptane; CoH, e [142-82-5]
VARIABLES: PREPARED BY:
T/K: 258.4, 272.9
p,/mmHg: 16.2 - 562.0 W. Gerrard
EXPERIMENTAL VALUES:
T/K Pressure Mol
Fraction
pl/mmHg x,
258.4 76.2 0.00613
139.4 0.01181
198.2 0.01689
256.5 0.02164
319.1 0.02766
387.4 0.03234
272.9 109.6 0.00613
204.1 0.01181
290.7 0.01689
373.1 0.02164
. 480.0 0.02766
562.0 0.03234

Henry's constant for x,

(3) (heptane) for each measurement.

Henry's constant:

+- 0 at 272.9 K was given as 17,300 mmHg.

The solvent 1s 0.001 mole of component (2) + 0.020 mole of component

H/mmHg = (pl/mmﬂg)/xl

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

(2) 1,1'-Oxybis[2~chloroethane].

Distilled in a vacuum.

(3) Heptane. Purified as for

optical measurements. Dried

over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES :

l. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0)

Methoxybenzene or methyl phenyl

ether or anisole; C7H80;
[100-66-3]

Heptane; C7H16; [142-82-5]

(2)

(3)

ORIGINAL MEASUREMENTS:

Strohmeir, W.; Echte, A.

Z. Elektrochem. 1957, 61, 549-555.

VARIABLES: PREPARED BY:
T/K: 209.6 - 272.9
p,/mmHg: 12.8 - 635.0 W. Gerrard
EXPERIMENTAL VALUES:
T/K 209.6 220.3 230.8 241.6 258.4 272.9
Mole p,/mmHg
Fraction
*1
0.00547 12.8 21.2 32.3 48.6 74.1 101.8
0.01134 26.3 44.2 67.7 101.1 153.8 210.2
0.01471 34.3 58.7 88.8 132.5 200.6 273.9
0.01918 46.9 77.1 117.2 174.6 263.1 358.8
0.02294 57.2 94.1 143.9 209.7 315.5 430.0
0.02871 72.9 121.3 181.3 265.2 398.6 539.9
0.03441 92.6 149.2 221.9 321.6 481.9 635
Henry's constant for x, - 0 at 272.9 K was given as

18,500 mmHg. !

The solvent is 0.001 mole
of component (3) (heptane)

Henry's constant: H/mmHg

of component (2) + 0.020 mole
for each measurement.

(p,/mmHg) /z

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

Dried with
and treated

(2) Methoxybenzene.

CaClz, distilled,
with Na-K alloy.

Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

(3)

ESTIMATED ERROR:

REFERENCES :

l. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soec. 1952, 74, 3570.




28 Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Strohmeair, W.; Echte, A.
(7647-01~0]
(2) 1,1'-Oxybisbenzene or diphenyl Z. Elektrochem. 1957, 61, 549 - 555,
ether; Clzﬂloo; [101~-84~8] )
(3) Heptane; C7H16; {142~82~5]
VARIABLES: PREPARED :
T/K: 258.4, 272.9 B . cerrard
p ,/mmHg: 71.5 - 496.7 :
EXPERIMENTAL VALUES:
T/K Pressure Mol
Fraction
p]/mmHg z,
258.4 71.5 0.00454
176.3 0.01120
271.8 0.01727
371.6 0.02348
272.9 94.0 0.00454
234.7 0.01120
359.4 0.01727
496.7 0.02348

Henry's constant for z, - 0 at 272.9

1

(3) (heptane) for each measurement.

Henry's constant: H/mmHg =

K was given as 21,100 mmHg.

The solvent is 0.001 mole of component (2) + 0.020 mole of component

(pz/mmHg)/xl

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride., Not
specified; but may be taken
as of good quality.

(2) Diphenyl ether. Distilled in

a vacuum.

(3) Heptane. Purified as for
optical measurements. Dried

over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES :

1. Brown, H. C.; Brady, J. C.

J. Am. Chem. Soe. 1952, 74, 3570.




Hydrogen Chloride in Non-Aqueous Solvents 29
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Strohmeir, W.; Echte, A.
[7647-01-0]
(2) 1,1'-[Oxybis(methylene)] 2. Elektrochem. 1957, 61, 549 - 555,
bisbenzene or dibenzyl ether;
C, 4H;,40; [103-50-4]
(3) Heptane; C7H16; [142-82-5]
VARIABLES: PREPARED BY:
T/K: 258.4, 272.9
pl/mmHg: 36.9 - 534.5 W. Gerrard
EXPERIMENTAL VALUES:
T/K Pressure Mol
Fraction
p ;/mmHg z,
258.4 36.9 0.00610
75.2 0.01243
115.7 0.01813
172.6 0.02491
221.4 0.03102
281.1 0.03783
341.5 0.04335
272.9 63.3 0.00610
131.9 0.01243
197.3 0.01813
278.8 0.02491
361.8 0.03102
454.9 0.03783
534.5 0.04335

Henry's constant for z,

(3) (heptane) for each measurement.

Henry's constant: H/mmHg = (pz/mmHg)/xJ

+ 0 at 272.9 K was given as 10,300 mmHg.

The solvent is 0.001 mole of component (2) + 0.020 mole of component

AUXILIARY INFORMATION

The same in principle as the high (1)
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding

pressure of the gas phase measured. (2)

(3)

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

Hydrogen chloride. Not
specified; but may be taken
as of good gquality.

Dibenzyl ether. Dried with
CaClz, distilled, treated with
Na-K alloy.

Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

ESTIMATED ERROR:

1.

REFERENCES ;

Brown, H. C.; Brady, J. C.
J. Am. Chem. Sce. 1952, 74, 3570




30 Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCI; Strohmeir, W.; Echte, A.
[7647-01-0]
(2) Tetrahydrofuran; C4H80; 7. Elektrochem. 1957, 61, 549-555.
[109-~99-9]
(3) Heptane; C.H,¢: [142-82-5]}
VARIABLES: PREPARED BY:
T/K: 200.8 - 272.9
p,/mmHg: 0.0 - 371.8 W. Gerrard
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole pz/mmHg
Fraction
T
0.005 0.0 0.1 0.1 0.8 1.9 5.1 11.7
0.010 0.0 0.3 0.3 1.7 3.4 10.2 24.3
0.015 0.1 0.5 0.7 2.4 5.6 16.4 39.3
0.020 0.2 0.7 1.3 3.6 9.0 24.4 57.9
0.025 0.3 1.0 2.2 5.5 13.6 36.4 80.4
0.030 0.4 1.3 3.3 8.2 20.3 52.3 108.1
0.035 0.5 }.8 4.9 12.1 29.1 72.1 1l44.¢6
0.040 0.7 2.7 7.3 18.4 43.0 99.3 188.2
0.045 2.0 4.4 12.0 28.0 62.0 133.6 239.3
0.050 5.1 7.9 19.4 44 .4 88.3 176.3 297.3
0.055 10.7 17.2 28.9 66.2 127.8 228.1 371.8
Henry's constant for x, + 0 at 272.9 K was given as 2100 mmHg.

component (3) (Heptane) for

Henry's constant: H/mmHg

The solvent is 0.001 mole of component (2) + 0.020 mole of

each measurement.

(p]/mmﬂg)/xz

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

Treated with
and treated with

(2) Tetrahydrofuran.
KOH, distilled,

Na-K alloy.

Heptane. Purified as for optical
measurements. Dried over
sodium~-potassium alloy.

(3)

ESTIMATED ERROR:

REFERENCES :
l. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.




Hydrogen Chloride in Non-Aqueous Solvents 31

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HCl; Strohmeir, W.; Echte, A.

[7647-01~0]

(2) Dioxane; C4H8027 [123-91-1] Z. Elektrochem. 1957, 61, 549 - 555.

(3) Heptane; C7H16; [142~-82-5]

VARIABLES: PREPARED BY:

T/K: 230.8 - 272.9
p,/mmHg: 5.0 - 716.0 W. Gerrard
EXPERIMENTAL VALUES:
T/K 230.8 241.6 258.4 272.9
Mole pl/mmHg
Fraction

%1
0.005 5.0 9.6 21.3 39.0
0.010 10.6 20.7 45.5 85.0
0.015 17.7 35.9 76.7 136.0
0.020 28.1 54.0 112.0 189.5
0.025 41.7 78.6 152.6 252.5
0.030 110.0 202.5 320.5
0.035 141.8 257.3 400.0
0.040 177.9 315.4 488.5
0.045 222.4 377.5 558.5
0.050 270.8 441.5 637.0
0.055 320.0 506.0 716.0

Henry's constant for x
as 7500 mmHg.

;> 0 at 272.9 K was given

The solvent is 0.00l1 mole of component (2) + 0.040

mole of component (3)

Henry's constant:

H/mmHg

(heptane) for each measurement.

(pz/mmHg)/xJ

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good quality.

(2) Dioxane. Treated with KOH,
distilled, and treated with
Na-K alloy.

(3) Heptane. Purified as for

optical measurements. Dried
over sodium~potassium alloy.

ESTIMATED ERROR:

REFERENCES :

1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.
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Hydrogen Chioride in Non-Aqueous Solvents

COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) Tetrahydro-2H-pyran; CgHjgO;
[142~68-7]

(3) Heptane, CqHyg; [142-82-5]

ORIGINAL MEASUREMENTS:
Strohmeir, W.; Echte, A.

Z. Elektrochem., 1957,61, 549 - 555.

VARIABLES: PREPARED BY:
T/K: 200.8 - 272.9 W. Gerrard
pz/mmHg: 0.0 - 403.8
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole p ;/mmig
Fraction
x
1
0.005 0.0 0.3 0.7 1.3 2.8 6.7 13.3
0.010 0.1 0.6 1.2 2.7 5.6 14.1 29.9
0.015 0.2 0.9 1.9 4.1 8.7 22.6 48.9
0.020 0.3 1.2 2.8 5.8 13.1 34.8 73.0
0.025 0.4 1.5 3.8 8.4 18.6 48.8 101.0
0.030 0.5 1.8 5.3 12.0 26.9 66.6 134.6
0.035 0.8 2.9 7.9 17.8 39.1 90.5 171.6
0.040 1.7 4.7 12.4 27.5 57.3 122.9 220.2
0.045 3.4 8.5 - 20.1 46.1 80.0 161.3 277.8
0.050 8.0 16.2 32.4 64.3 106.0 209.6 343.3
0.055 16.7 27.4 48.6 92.1 138.5 270.2 403.8

Henry's constant for &,

(3) (heptane) for each measurement.

Henry's constant: H/mmHg =

The solvent 1s 0.001 mole of component

(P]/mmHg)/xj

~ 0 at 272.9 K was given as 2600 mmHg.

(2) + 0.020 mole of component

valid only in the limit x;-0.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technigue of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not specified;
but may be taken as of good
quality.

(2) Tetrahydro-2f-pyran. Treated with
KOH, distilled, treated with Na-

K alloy.

(3) Heptane. Purified as for optical
measurements. Dried over sodium-

potassium alloy.

ESTIMATED ERROR:

REFERENCES :
1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.




Hydrogen Chloride in Non-Aqueous Solvents 33
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Strohmeir, W.; Echte, A.
[7647-01-0]
(2) 1,1'-Thiobisethane or diethyl Z. Elektrochem. 1957, 61, 3549-355.
sulfide; C,H. . S; [352-93-2]
4710
(3) Heptane; C7H167 [142-82-5]
VARIABLES: PREPARED BY:
T/K: 200.8 - 272.9
p,/mmHg: 1.4 - 544.4 W. Gerrard
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole p ;/mmHg
Fraction
*1
0.00655 1.4 3.0 6.3 12.0 22.4 44.9 74.7
0.01085 2.6 5.4 11.0 21.1 39.3 70.0 126.7
0.01654 4.3 8.5 18.2 35.8 64.5 123.2 200.8
0.02075 6.0 12.5 24.7 47.2 85.1 159.1 252.2
0.02593 8.5 16.7 35.7 64.5 111.1 207.7 324.6
0.03039 11.7 21.9 44.3 79.9 137.3 250.3 389.1
0.03596 15.9 30.0 58.6 102.1 175.6 309.7 470.3
0.04131 21.6 39.1 74.2 129.9 210.9 365.8 544.4
Henry's constant for x, 0 at 272.9 K was given as 11,400 mmHg.
The solvent is 0.00l1 mole of component (2) + 0.020 mole of
component (3) (heptane) for each measurement.
Henry's constant: H/mmHg = (pz/mmHg)/x]
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The same in principle as the high (1) Hydrogen chloride. Not
vacuum technique of Brown and Brady specified; but may be taken
(1), except that the temperature was as of good quality.
increased and the corresponding
pressure of the gas phase measured. (2) Diethyl sulfide. Treated with
HgoO, PZOS' and distilled.

(3) Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES :

1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soec. 1952, 74, 3570.




34 Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Strohmeir, W.; Echte, A.
[7647-01-0])
(2) Nitrobenzene; C5H5N02; [98-95-3] Z. Elektrochem. 1957, 61, 549 - 555.
(3) Heptane; C7H16; [142-82~5]
VARIABLES: PREPARED BY:
T/K: 272.9
pz/mmHg: 76.2 - 549.7 W. Gerrard
EXPERIMENTAL VALUES:
T/K Pressure Mol
Fraction
pl/mmHg x,
272.9 76.2 0.00413
122.6 0.00660
203.6 0.01148
284.2 0.01580
375.4 0.02045
460.6 0.02514
549.7 0.02955
Henry's constant for z, + 0 at 272.9 K was given as 18,300 mmHg.
The solvent is 0.001 mole of component (2) + 0.020 mole of component
(3) (heptane) for each measurement.
Henry's constant: H/mmHg = (pl/mmHg)/xl
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The same in principle as the high (1) Hydrogen chloride. Not
vacuum technique of Brown and Brady specified; but may be taken
(1), except that the temperature was as of good guality.
increased and the corresponding
pressure of the gas phase measured. (2) Nitrobenzene. Dried with
Caclz, and distilled, in a
vacuum.

(3) Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES :

l. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soec. 1952, 74, 3570.




Hydrogen Chloride in Non-Aqueous Solvents 35
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCIL; Strohmeir, W.; Echte, A.
[7647-01-0]
(2) 1-Methyl-2-nitrobenzene or Z. Elektrochem. 1957, 61, 549 -~ 555.
o-nitrotoluene; C7H7N02;
[88-72~2]
(3) Heptane; C,Higs [142-82-5]
VARIABLES: PREPARED BY:
T/K: 258.4, 272.9
p,/mmHg: 39.0 - 522.6 W. Gerrard
EXPERIMENTAL VALUES:
T/K Pressure Mol
Fraction
p ;/mmig x,
258.4 39.0 0.00293
90.6 0.00697
149.4 0.01134
211.6 0.01596
261.1 0.01955
319.1 0.02378
378.0 0.02801
272.9 53.1 0.00293
125.3 0.00697
207.4 0.01134
294.7 0.01596
361.9 0.01955
442.6 0.02378
522.6 0.02801

Henry's constant for z,

The solvent is 0.001 mole of component (2) + 0.020 mole of component

(3)

(heptane) for each measurement.

Henry's constant:

+ 0 at 272.9 K was given as 18,100 mmHg.

H/mmHg = (p,/mmHg)/x,

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good gquality.

o-nitrotoluene. Dried with
CaCl2 and distilled in a vacuum.

(2)

(3) Heptane. Purified as for
optical measurements. Dried

over sodium-potassium alloy.

ESTIMATED ERROR:

REFERENCES :
1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soe. 1952, 74, 3570.




36 Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Strohmeir, W.; Echte, A.
[{7647-01-0]

(2) Tetrachloromethane or carbon Z. Elektrochem. 1957, 61, 549-355.

tetrachloride; CC14; [56-23~5]

(3) Heptane; C7H16; [(142-82-5)

VARIABLES: PREPARED BY:
T/K: 200.8 - 272.9

p,/mmHg: 22.3 - 498.4 W. Gerrard

EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9

k p ,/mmig

Fraction
T1

0.00430 22.3 28.8 39.0 50.9 63.7 84.8 105.4
0.00831 42.9 56.1 75.3 96.8 124.6 163.8 203.3
0.01160 60.0 78.0 105.2 135.3 174.1 229.5 287.1
0.01663 85.4 110.4 150.5 193.7 249.2 328.9 407.7
0.02016 103.7 134.6 181.5 234.4 300.7 399.3 498.4

Henry's constant for x, > 0 at 272.9 K was given as 24,600 mmHg.

The solvent is 0.001 mole of component (2) + 0.020 mole of
component (3) (heptane) for each measurement.

Henry's constant: H/mmHg = (pl/mmHg)/xl

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The same in principle as the high (1) Hydrogen chloride. Not
vacuum technique of Brown and Brady specified; but may be taken
(1), except that the temperature was as of good quality.
increased and the corresponding
pressure of the gas phase measured. (2) Carbon Tetrachloride. Dried
with P205.

(3) Heptane. Purified as for
optical measurements. Dried
over sodium~-potassium alloy.

ESTIMATED ERROR:

REFERENCES :

1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soec. 1952, 74, 3570.




Hydrogen Chloride in Non-Aqueous Solvents

37

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl;: Strohmeir, W.; Echte, A.
[7647-01-0]
(2) Nitric acid ethyl ester or ethyl Z. Elektrochem. 1957, 61, 549-555,
nitrate; C,H:NO,; [625~58-1]
275773
(3) Heptane; C7H16; [142-82-5])
VARIABLES:/ 200.8 272.9 PREPARED BY:
T/K: .8 - .
p,/mmHg: 13.7 - 659.0 W. Gerrard
EXPERIMENTAL VALUES:
T/K 200.8 209.6 220.3 230.8 241.6 258.4 272.9
Mole p ,/mnitg
Fraction
‘1
0.00417 13.7 18.4 26.5 35.0 49.5 69.3 93,2
0.00905 28.3 40.4 59.1 80.7 108.3 151.0 196.5
0.01037 31.3 44.5 66.3 91.8 125.3 172.9 233.9
0.01373 43.0 63.4 91.0 123.3 165.9 230.3 298.0
0.01755 57.4 80.6 115.8 157.4 211.4 291.7 376.8
0.02342 76.0 109.0 156.3 212.4 285.5 394.7 507.3
0.03000 96.8 136.5 200.4 270.4 365.1 503.3 659.0

Henry's constant for z,

The solvent is 0.001 mole of component (2) + 0.020 mole of
(heptane) for each measurement.

component (3)

Henry's constant:

> 0 at 272.9 K was given as 21,900 mmHg.

H/mmHg = (p,/muHg)/x,

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE :

The same in principle as the high
vacuum technique of Brown and Brady
(1), except that the temperature was
increased and the corresponding
pressure of the gas phase measured.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not
specified; but may be taken
as of good gquality.

Ethyl nitrate. Not stated.

Heptane. Purified as for
optical measurements. Dried
over sodium-potassium alloy.

(2)
(3)

ESTIMATED ERROR:

REFERENCES ;

1. Brown, H. C.; Brady, J. C.
J. Am. Chem. Soec. 1952, 74, 3570.
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linear.
maximum recorded above.
Values calculated by the compiler.

total volume of 4.803 cm? of solut

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen Chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0]
(2) Hydrocarbons and halogenated J. Am. Chem. Soc. 1952, 74,
hydrocarbons 3570 - 3582,
(3) Heptane; C7H167 [142-82-5]
VARIABLES: PREPARED BY:
T/K: 194.64
p.,/kPa: 1.020 - 9.666 W. Gerrard
1
(see below)
EXPERIMENTAL VALUES:
Temperature = 194.64 K
Component P/mmHg Equilaibrium mixture Mole Henry's
(2) Fraction Constant
ny/mmol n,/mmol  n,/mmol x4 K/mmHg
Benzene; C6H6;
[71-43-2]) 35.10 0.344 0.629 32.57 0.00996 3524
47.40 0.461 1.629 32.57 0.01330 3564
72.50 0.723 1.629 32.57 0.02070 3502
3500!
(4.605 atm)
Methylbenzene; C7H8;
[108-88-3] 31.45 0.343 1.629 32.57 0.00993 3167
49.05 0.538 1.629 32.57 0.01549 3167
61.10 0.668 1.629 32.57 0.01916 3189
3170!
(4.171 atm)
11.05 0.140 2.500 32.62? 0.00397 2783
25.32 0.320 2.500 32.5822 0.00904 2801
38.26 0.487 2.500 32.59? 0.01369 2795
27901
(3.671 atm)
! The authors' value. The plot of pressure vs. mole fraction was read as

The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the

These experiments were carried out

ion.

at a constant 2.5 mmol of component 2 in sufficient heptane to make a

The compiler calculated the values of Henry's constant for the mixtures.

AUXILIARY

INFORMATION

METHOD/APPARATUS/PROCEDURE :

By means of high precision high
vacuum equipment and procedure the
change of the pressure of the gas
phase due to absorption was
accurately measured at 194.64 K.

The mole fraction of hydrogen
chloride in the liquid phase was
calculated. The solubility was
finally expressed as the Henry's
constant, K/mmHg = HCl pressure/mole
fraction, p1/x1.

Henry's constant is the pressure,

(numerically) at which x, = 1, and
it may deviate widely frém the
reported value of pJ = 1.43 atm

(1087 mmHg), the vapor pressure
of pure liquid hydrogen chloride at
194.64 K.

(1)
quality.

(2,3)
high quality.

Hydrogen chlor:ide.
but may be taken as of high

SOURCE AND PURITY OF MATERIALS:

Not stated,

Thoroughly attested as of

Values of the

boiling points and refractive
indices are given in the paper.

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen Chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0]
(2) Hydrocarbons and halogenated J. Am. Chem. Soc. 1952, 74,
hydrocarbons 3570 - 3582.
(3) Heptane; CoH, e [142-82-5]
EXPERIMENTAL VALUES:
Temperature = 194,64 K
Component P/mmHg Equilibrium mixture Mole Henry's
(2) Fraction Constant
n1/mmol nz/mmol n3/mmol X, K/mmHg
Ethylbenzene;
C8H10; [100-41-4] 12.22 0.167 2.500 32.64°2 0.00473 2584
24.80 0.328 2.500 32.592 0.00926 2678
40.42 0.537 2.500 32.602 0.01507 2682
26801

(3.526 atm)

1,3-Dimethylbenzene;
C8H10; [108-38-3] 25.00 0.300 1.629 32.57 0.00869 2877
39.99 0.468 1.629 32.57 0.01350 2962
45.95 0.537 1.629 32.57 0.01545 2974
2980°
(3.921 atm)
13.53 0.193 2.500 32.592 0.00547 2473
30.86 0.441 2.500 32.592 0.01241 2487
46,82 0.678 2.500 30,792 0.01996 2346
' 2460?
(3.237 atm)
1,3,5-Trimethylbenzene, (mesitylene);
C9H12; [108-67-8]) 12.11 0.113 0.326 32.57 0.00342 3541
34.64 0.300 0.326 32.57 0.00903 3836
44.79 0.381 0.326 32.57 0.01144 3915
62.83 0.531 0.326 32.57 0.01588 3957
3910!
(5.145 atm)
20.50 0.195 0.651 32.57 0.00583 3516
30.79 0.292 0.651 32,57 0.00871 3535
40.55 0.386 0.651 32.57 0.01148 3532
3510!
(4.618 atm)
30.25 0.415 1.629 32.57 0.01199 2523
41.46 0.562 1.629 32.57 0.01617 2564
49,92 0.676 1.629 32.57 0.01938 2576
25501
(3.355 atm)
7.65 0.126 2.500 32.672 0.00357 2143
19.16 0.309 2.500 32.592 0.00873 2195
32.65 0.524 2.500 32.532 0.01474 2215
22101
(2.908 atm)
(1-Methylethyl)benzene, (isopropylbenzene; cumene);
C9H12; [98-82-8] 15.30 0.217 2.500 32.63% 0.00614 2492
26.96 0.384 2.500 32.612 0.01082 2492
38.69 0.556 2.500 32.592 0.01560 2480
2490}

(3.276 atm)
! The authors' value. The plot of pressure vs, mole fraction was read as
linear. The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the
maximum recorded above.

Values calculated by the compiler. These experiments were carried out
at a constant 2.5 mmol of component 2 in sufficient heptane to make a
total volume of 4.803 cm® of solution.

The compiler calculated the values of Henry's constant for the mixtures.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Hydrogen Chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0]

(2) Hvdrocarbons and halogenated J. Am. Chem. Soc. 1952, 74,
hydrocarbons 3570 - 3582.

(3) Heptane; C7H16; [142-82-5]

EXPERIMENTAL VALUES:
Temperature = 194.64 K

Component P/mmHg Equilibrium mixture Mole Henry's
(2) Fraction Constant
n1/mmol nz/mmol n3/mmol x4 K/mmHg

(2-Methylpropyl)benzene, (t-butylbenzene);

C,oHy 47 [538-93-2] 14.78  0.219 2.500 32.60% 0.00620 2384
25.15 0.378 0.500 32.582 0.01066 2359

39,56 0.589 2.500 32.5972 0.01651 2396

2380!

(3.132 atm)
Fluorobenzene;

CGHSF; [462-06-6]1 14.21 0.162 2.500 32.637 0.00459 3096
26.37 0.288 2.500 32.59°2 0.00814 3240

39.64 0.426 2.500 32.60°? 0.01199 3306

3260°

(4.289 atm)
Trifluoromethylbenzene;

C7H5F3; (98-08-8] 30.30 0.251 1.629 32.57 0.00728 4162
45.66 0.368 1.629 32.57 0.01064 4291

64.60 0.529 1.629 32.57 0.01523 4242
. 42201

{5.553 atm)
Chlorobenzene;

CgHgCLl; [108-90-7] 13.40 0.117 1.629 32.57 0.00341 3960
39.75 0.346 1.629 32.57 0.01001 3971
72.32 0.628 1.629 32.57 0.01803 4011
4000?
(5.263 atm)
14.53 0.145 2.500 32.632 0.00411 3535
26.23 0.258 2.500 32.582 0.00730 3593
41,67 0.413 2.500 32.60% 0.01163 3583
3570°

(4.697 atm)
Bromobenzene;

C6H58r; {108-86-1} 10.50 0.101 2.500 32.592 0.00287 3658
21.30 0.201 0.500 32.62° 0.00569 3743
33.90 0.325 0.500 32.58° 0.00918 3693
36601
(4.816 atm)
Iodobenzene;
CGHSI; [591-50-4] 11.58 0.111 2.500 32.63° 0.00315 3676
30.58 0.289 2,500 32.582 0.00817 3743
39.86 0.375 2.500 32.602 0.01057 3771
3750!
(4.934 atm)
(100% Heptane)
29.41 0.217 - 32.57 0.00662 4443
55.30 0.402 -~ 32.57 0.01219 4537
71.28 0.520 - 32.57 0.01571 4537
45201

(5.947 atm)
! The authors' value. The plot of pressure vs., mole fraction was read as
linear. The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the
maximum recorded above.

Values calculated by the compiler. These experiments were carried out
at a constant 2.5 mmol of component 2 in sufficient heptane to make a
total volume of 4.803 cm?® of solution.

The compiler calculated the values of Henry's constant for the mixtures.
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COMPONENTS : EVALUATOR:
1. Hydrogen Chloride; HC1; Peter G. T. Fogg
{7647-01-0] Department of Applied Chemistry
and Life Sciences,
2. Miscellaneous Hydrocarbons Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

CRITICAL EVALUATION:
The Solubility of Hydrogen Chloride in Miscellaneous Hydrocarbons.

Chesterman (1) found that the solubility in a sample of petroleum boiling
between 333.2 K and 353.2 K. was 0.3 wt.% at 298.15 K and a total pressure
of 100.9 kPa. This may be compared with the solubility in hexane (b.pt.
341.9 K) of 0.54 wt.% under the same conditions as estimated by the
evaluator from measurements by O'Brien & Kenny (2).

Solubility in cyclohexane was reported by Bell (3) at 293.15 K for a
partial pressure of 101.3 kPa, by Wiegner (4) at 292.99 K and 313.15 K for
a partial pressures from 0.025 to 89.1 kPa and by Tsiklis & Svetlova (5) at
283,15 K to 313.15 K for partial pressures from 0.133 to 106.7 kPa. There
are discrepancies between the measurements as may be seen by comparing mole
fraction solubilities at a partial pressure of 101.3 kPa based upon data
from the three sources.

Mole fraction solubilities in cyclohexane at a partial pressure of
101.3 kPa from different sources.

292.99 K 293.15 K 313.15 K
Bell 0.0154
Wiegner 0.0144 0.0106
Tsiklis & Svetlova 0.0180 0.0179 0.0133

Further measurements on this system are required before reliable solubility
data can be established.

Brown & Brady (6) measured solubilities in 2,4,4-trimethyl-1-pentene and in
2,4,4-trimethyl-2-pentene at 194.64 K and at partial pressures of gas
between 0.509 kPa and 1.432 kPa. The solubility is greater in the latter
than the former. These measurements cannot be linearly extrapolated to
give a meaningful estimate of the mole fraction solubility at a partial
pressure of 101.3 kPa. Such an extrapolation would give values greater
than unity. However if the variation of mole fraction solubility with
pressure approximates to a Margules eguation then mole fraction
solubilities at this partial pressure would be about 0.74.

Rajalo and co-workers (7) have published equations for Henry's law
constants for dissolution in mixtures of dienes and chlorides from reaction
with hydrogen chloride. If it is assumed that the equations are valid for
298.15 K over the whole of the mole fraction range and that the Henry's law
constants can be used to calculate solubilities at 101.3 kPa then mole
fraction solubilities at this temperature in the compounds under test are
as follows :

1,3-pentadiene 0.049

2-methyl-1,3-butadiene 0.062

2,3-dimethyl-1,3-butadiene 0.017

( or 2-methyl-1,3-pentadiene; see the compilation )

In view of the lack of numerical data in the papers and the uncertainties
involved in their interpretation the mole fraction solubilities can only be
considered to be of semi-quantitative significance.

Scher et al. (8) measured the solubility of hydrogen chloride in
1-hexadecene at pressures from 23.3 kPa to 100.0 kPa and at four
temperatures from 298.15 K to 328.15, Values of Henry's constants were
reported. The data are self consistent and appear to be reliable. The
corresponding mole fraction solubility at 298.15 K and a partial pressure
of 101.3 kPa is 0.0357. This may be compared with a value of 0.0225 for
dissolution in hexadecane from measurements by Tremper & Prausnitz (9).
The reference value for this temperature from the Raoult's law egquation is
0.0218. No other data for '-hexadecene are available for comparison.
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COMPONENTS : EVALUATOR:
1. Hydrogen Chloride; HC1; Peter G. T. Fogg
[7647-~01-0) Department of Applied Chemistry

and Life Sciences,

Miscellaneous Hydrocarbons Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

1.

CRITICAL EVALUATION:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Chesterman, D. R.
[7647-01-0]

(2) Petroleum

J. Chem. Soe. 1935, 906 - 910.

VARTABLES: PREPARED BY:
T/K: 298.15
Total P/kPa: 101 (b1 atm) W. Gerrard
EXPERIMENTAL VALUES:
T/K Observed Solubility

Pressure
p/mmHg

g HCl g~! solution

298.15 757

0.003

AUXTLIARY INFORMATION

METHOD 'APPARATUS /PROCEDURE :

The apparatus was that used for the
conductivity. A sample of the
saturated solution was removed,
weighed, the hydrogen chloride was
reacted with excess standard base
which was back titrated with a
standard acid solution.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride.

conc. sulfuric acid and pure

sodium chloride.

sulfuric acid and over P,O

(2) Petroleum. Was stated to be
the purest obtainable. "Light
petroleum," dried with sodium,

b.p./°C (750 mmHg)

Prepared from

Passed through
275"

= 60 - 80.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCL; Bell, R. P.
[7647~-01~0]
J. Chem. Soc. 1931,
(2) Cyclohexane; C6H12; [110-82-7] 1371 - 1382.
VARIABLES: .
T/K: 293.15 PREPARED BY: w. Gerrard
P/kPa: 101.325 (1 atm) )

EXPERIMENTAL VALUES:

T/K Partition Mol Fraction
Coefficient x
c /c 1
1,177"1,¢9
293.15 3.42 0.0154

. -3 -
is cl’g/mol dm

The ideal gas concentration at p; = 1 atm

n/V = p/RT = 0.0417.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus consisted of a 50 cm
bulb extended at the top as a
graduated tube, and sealed at the
bottom to a capillary U-tube. The
liquid was saturated with gas at
atmospheric pressure. The gas was
displaced from the saturated solu-
tion by a current of dry CO2 free

3

air, absorbed in water, and
titrated with a solution of NaOH.

The solubility, ¢/mol dm 3, was
converted to a partition coefficient
by dividing by the ideal gas con-
centration of HCl in the gas phase.

The mole fraction solubility was
calculated on the assumption that
the density of the solution obeys
the ideal mixture law.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared by
dropping pure concentrated
hydrochloric acid into pure
sulfuric acid.

(2) Cyclohexane. Good specimen was

dried over calcium chloride,

and distilled. Boiling point
is given in paper.

ESTIMATED ERROR:

§T/K = 0.01
Sc/c = 0.01

REFERENCES :
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COMPONENTS :

(1) Hydrogen chloride; HC1;
[7647-01-01

ORIGINAL MEASUREMENTS:
Wiegner, F.

2. Elektrochem. 1941, 47,

(18.8 - 668 mmHg)

(2) Cyclohexane; CgHqppt 163 - 164.
[110-82~7]
VARIABLES: PREPARED BY:
T/K = 292.99, 313.15
p;/kPa = 2.506 - 89.059 W. Gerrard

EXPERIMENTAL VALUES:

Temperature Hydrogen Chloride Mol Fraction
Partial Pressure
t/°C T/K p ;/mmHg zg
19.84 292.99 18.8 0.00039
176.9 0.00334
263.0 0.00480
372.6 0.00712
473.9 0.00878
566.9 0.01030
668.0 0.01230
(760.0 0.0144 )1
40.00 313.15 58.0 0.00094
164.9 0.00238
271.5 0.00401
366.3 0.00516
465.4 0.00681
543.4 0.00787
(760.0 0.0106 )}

1 By compiler's graphic

calculated to be -2.19

al extrapolation.

Between 293 and 313 K the enthale of solution was

kcal mol~' (-9.16 J mol~!),

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was passed into the
cyclohexane until saturation was
attained. The HC1l content was deter-
mined by chemical titration.

The partial pressure, pj;, appears to
have been calculated by subtracting
the vapor pressure of cyclohexane
(over the pure liquid) from the
measured total pressure, the vapor
Pressure lowering being deemed
negligible for these small mole
fraction, g values.

SOURCE AND PURLITY OF MATERIALS:

(1) Hydrogen chloride was self-
prepared.

(2) Cyclohexane was rigorously
purified. F.p./°C = 6.34,
b. p. (1 atm)/°C = 80.05.

ESTIMATED ERROR:

REFERENCES::
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Tsiklis, D. S§.; Svetlova, G. M.
{7647-01-01]

Zh. Hz. Khim. 1958, 32, 1476-1480.
(2) Cyclohexane; C_H.,; fokdid
[110-82-71  © 12

VARTABLES : -
T/K: 283.15, 293.15, 313.15 |FREPARED BY:

W. Gerrard
pl/mmHg: 100 - 800

EXPERIMENTAL VALUES:

T/K 283.15 T/K 293.15 T/K 313.15
Pressure Mole Pressure Mole Pressure Mole
Fraction Fraction Fraction
Pi 7 Py T Py z;
100 0.0028 100 0.0024 100 0.0018
200 0.0055 200 0.0047 200 0.0035
300 0.0083 300 0.0071 300 0.0053
400 0.0111 400 0.0094 400 0.0071
500 0.0131 500 0.0110 500 0.0088
600 0.0166 600 0.0142 600 0.0105
700 0.0194 700 0.0165 700 0.0123
760 0.0209* 760 0.0179! 760 0.0133!
800 0.01222 800 0.0189 800 0.0141

! values at 760 mmHg read from graph prepared by compiler.
2 probably in error for 0.0222.
The authors smoothing equation for Henry's constant is

log (H/mmHg) = 6.608 - 580.5/(T/K) with H/mmHg = (p;/mmHg)/ xq -

AUXILIARY INFORMATION

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

The cyclohexane was frozen in the (1) Hydrogen chloride. The HCl was
absorption vessel, and the air was freed from water by cooling to
pumped out. The vapor pressure, p;, about 213 K. It was then cooled
of the cyclohexane was determined. by liquid nitrogen and distilled.
The hydrogen chloride was admitted (2) Cyclohexane. Purified by

from a weighed vessel, and a second adsorption on silica gel and
weighing gave (with certain adjust- twice distilled.

ments) the amount of gas absorbed at

the observed total pressure, p,. The

hydrogen chloride partial pressure,
, appeared to be obtained from

p

the difference Py - Pg- ESTIMATED ERROR: rThe authors stated
that they evaluated the error of

The authors concluded that the mole their data by calculating the mean
fraction form of Henry's law was square deviation of the experimental
obeyed. data from those produced by interpo-
lation of the curves. The deviation
was stated to fluctuate from 10 to
15 per cent.




Hydrogen Chloride in Non-Aqueous Solvents

47

COMPONENTS :
(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) 2,4,4-trimethyl-l-pentene;
C8H16; [107-39-1]

ORIGINAL MEASUREMENTS:
Brown, H. C.; Brady, J. D.

J. Am. Chem. Soc. 1952, 74,
3570 - 3582.

VARIABLES: T/K:
P/kPa:

194.64
0.509 - 1.432
(3.82 - 10.74 mmHg)

PREPARED BY:

W. Gerrard

EXPERIMENTAL VALUES:

T/K Pressure Equilibrium Mixture Mol Fraction Henry's Constant
pl/mmHg nl/mmol nz/mmol =51 R/mmHg = pl/xl
194.64 3.82 0.325 44,96 0.00718 532
5.95 0.490 44.96 0.01078 552
10.74 0.840 44.96 0.01834 586
550! (0.724 atm)
! The authors' value. The plot of pressure vs. mole fraction was read

as linear.

The Henry's constant value should not be used indiscrimi-

nately to calculate values of mole fraction for pressures greater than

the maximum recorded above.

The compiler calculated the values of Henry's constant.

The authogs estimated K/mmHg graphically; and stated that the graph
showed slight curvature, possibly the result of a small quantity of a

more basic impurity in the olefin.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

By means of high precision high
vacuum equipment and procedure the
change of the pressure of the gas
phase due to absorption was
accurately measured at 194.64 K.

The mole fraction of hydrogen
chloride in the liquid phase was
calculated. The solubility was
finally expressed as the Henry's
constant, K/mmHg = HCl pressure/mole
fraction.

Henry's constant is the pressure
(numerically) at which z, = 1, and

it may deviate widely from the
reported value of pi = 1,43 atm

(1087 mmHg) , the vapor pressure of
pure liquid hydrogen chloride at
194.64 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not stated,
but may be taken as of high
quality.

(2) 2,4,4-trimethyl-l-pentene.

Thoroughly attested as of high

gquality. Values of the boiling

point and refractive index are
in the paper.

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0)
J. Am. Chem. Soe. 1952, 74,
(2) 2,4,4-trimethyl-2-pentene; C8H16; 3570 - 3582,
[(107-40-4]}
VARIABLES: .
T/K: 194.64 PREPARED BY:
P/kPa: 0.599 - 1.163 W. Gerrard
(4.49 ~ 8.72 mmHg)
EXPERIMENTAL VALUES:
T/K Pressure Equilibrium Mixture Mol Fraction Henry's Constant
pl/mmHg nl/mmol nz/mmol xy K/mmHg = pl/xl
194.64 4.49 0.483 44.96 0.01063 422
7.40 0.774 44.96 0.01693 437
8.72 0.910 44.96 0.01984 440

430! (0.566 atm)

The authors' value.

linear.

maximum recorded above.

more basic impurity in the olefin.

The plot of pressure vs.
The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the

mole fraction was read as

The compiler calculated the values of Henry's constant,

The authors estimated X/mmHg graphically; and stated that the graph
showed slight curvature, possibly the result of a small quantity of a

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

By means of high precision high
vacuum equipment and procedure the
change of the pressure of the gas
phase due to absorption was accurately
measured at 194.64 K.

The mole fraction of hydrogen chloride
in the liquid phase was calculated.
The solubility was finally expressed
as the Henry's constant, K/mmHg = HCl
pressure/mole fraction.

Henry's constant is the pressure
(numerically) at which xy = 1, and it

may deviate widely from the reported
value of pi = 1.43 atm (1087 mmHg),

the vapor pressure of pure liquid
hydrogen chloride at 194.64 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not stated,
but may be taken as of high
gquality.

(2) 2,4,4~trimethyl-2-pentene.

Thoroughly attested as of high

quality. Values of the boiling

point and refractive index are
in the paper.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Savich, T. 0.; Dement'eva, V.
[7647-01~-0] Rajalo, G.
(2) 1,3-Pentadiene or piperylene; Eesti NSV Tead. Akad. Toim. Keem.
C5H8; [504-60-9] Geol. 1977, 26, 83 - 88.

Chem, Abstr. 1978, 88, 55542a

VARIABLES : PREPARED BY:

W. Gerrard

EXPERIMENTAL VALUES:

The title of the paper is "Equilibrium Solubility of HCl in Piperylene
and its Hydrochlorides." The authors used various mixtures of 1, 3-penta-
diene (piperylene), (E)-3~chloro-2-pentene (trans-2-chloro-3-pentene)
[26423-61-0], and (2)-3-chloro-2-pentene (cis-2-chloro-3-pentene) [26423-
60-9]. There is a lack of definition in the quantities used. The pressure
was not stated, presumably it was atmospheric. Numerical data were not
given.

The solubility data were summarized by an equation which related Henry's
constant, K/atm, to the temperature, 7/K, and the 1,3-pentadiene mole

fraction,x2:
In(X/atm) = 8.68 =-1760/(T/K)y+ 0.236 T

The low value of the term 0.236 z, was deemed to show the small difference
in solubility of HC1l in 1, 3-pentadiene and the chloro-hydrocarbons.

The heat of solution can be approximated from the temperature dependence
of Henry's constant as-14630 J mol~1(-3495 cal mol'l). There was deemed to
be an insignificant difference in the heats of solution of HCl in 1,3-

pentadiene and the chloro-hydrocarbons.

AUXILIARY INFORMATION

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

Dried HCl was passed via a flowmeter (1) Hydrogen chloride was obtained
into a jacketed bubbler tube reactor by the action of concentrated
fitted with a sampling device. When sulfuric acid, and dried
constant conditions were attained, calcium chloride.

a sample was removed for titration (2) "All components for the prepara=
with standard alkali. From this tion of the initial mixtures
result, and by gas-liquid chroma- were purified by rectification."
tography, the amounts of piperylene Purity was stated to be greater
and its hydrochloride were deter- than 99 per cent.

mined.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HCl; Rajalo, G.; Savich, T. O.;
[7647-01-01 Dement'eva, V.

(2) 2-Methyl-l,3~-butadiene or iso-~ Eegti NSV Tead. Akad. Toim. Keem.
prene; Csﬂg; [78-79-5] Geol. 1979, 28, 45 - 46.

Chem. Abetr. 1979, 90, 157793s

VARIABLES: PREPARED BY:
W. Gerrard

EXPERIMENTAL VALUES:

The title of the paper is "The Equilibrium Solubility of Hydrogen chloride
in Systems Reacting with it and Consisting of Isoprene and Isopentenyl
Chloride."

The authors stated that there is a negligible difference between the
solubility of hydrogen chloride in isoprene and the isopentenyl chlorides.
The authors conclude that there is absence of a statistical correlation
between Henry's constant, X/atm, and the isoprene mole fraction, x5, and
between 1In (X/atm) and z,/T/K. The authors obtained a correlation between
Henry's constant, X/atm, and the temperature,?/K,which is given by the
equation:

in (X/atm) =-6.12 - 996.6/(T/K),
The equation gives the approximate heat of solution of ~8300 J mol~l
(-1980 cal mol=l).

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Dried HCl was passed via a flowmeter|(l) Hydrogen chloride was obtained
into a jacketed bubbler tube reactor by the action of concentrated
fitted with a sampling device. When sulfuric acid, and dried
constant conditions were attained, calcium chloride.
a sample was removed for titration
with standard alkali. From this (2) "All components for the prepara-
result, and by gas-liquid chroma- tion of the initial mixtures
tography, the amounts of isoprene were purified by rectification."
and the isopentenyl chlorides were Purity was stated to be greater
determined. than 99 per cent.

See the authors earlier paper (1l).

ESTIMATED ERROR:

REFERENCES ;

1. savich, T. O.; Dement'eva, V.
Rajalo, G.
Eesti NSV Tead. Akad. Toim. Keem.
Geol. 1977, 26, 83.
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COMPONENTS :

(1) Hydrogen chloride; HC1;
[(7647-01-01

ORIGINAL MEASUREMENTS:
Volens, T.; Rajalo, G.

Festi NSV Tead. Akad. Toim. Keem.
(2) 2,3-Dimethyl-~1l,3-butadiene; CGHIO; 1981, 30 (2), 136 - 137.
[513-81-5]
VARIABLES: PREPARED BY:

H. L. Clever

EXPERIMENTAL VALUES:

methylbutadiene hydrochlorides."

ln (X/atm)
The enthalpy of solution of hydrogen

~-12.8 kJ mol~1l (-3.06 kcal mol=1l).

The title of the paper is "Equilibrium solubility of hydrogen chloride in
systems reacting with it consisting of 1,3-dimethylbutadiene and 1,3-di-

The compiler assumes the title compound is 2,3-dimethyl-l,3~butadiene
[513-81-5] however, 2-methyl -1,3-pentadiene {1118-58-7]is also possible.

Numerical data were not given. By using a regression analysis the authors
related Henry's constant, X/atm, to the temperature, T/K, and the 2,3-di-
methyl-1, 3~butadiene mole fraction, Ty

8.26 - 1540/(T/K) + 0.997 z,.

chloride in the hydrocarbon can be

approximated from the temperature coefficient of the Henry's constant as

AUXILIARY
—

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Dried HC1l was passed via a flowmeter
into a jacketed bubbler tube reactor
fitted with a sampling device. When
constant conditions were attained,

a sample was removed for titration
with standard alkali. From this
result, and by gas~liquid chromoto-
graphy, the amounts of the butadiene
and its hydrochlorides were
determined.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride was obtained
by the action of concentrated
sulfuric acid and dry calcium
chloride.

(2) "All components for the prepara-

tion of the initial mixtures

were purified by rectification.”

Purity was stated to be greater

than 99 per cent.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Scher, M.; Gill, W. N.;
[7647-01-0] Jelinek, R. V.
(2) l-Hexadecene; 016H32; Ind. Eng. Chem., Fundam. 1963,
[629~73-2] 2, 107 - 1l2.
VARIABLES: PREPARED BY:
T/K: 298.15 - 328.15
P/kPa: 23.33 - 99.99 W. Gerrard
(175 - 750 mmHg)
EXPERIMENTAL VALUES:
T/K Henry's Constant Number Percent Mol Fraction
3 1 of Points Mean x4y
K'/mmHg dm~ mol K/mmHg Deviation
298.15 6000 21,310 5 +1.0 0.0357
303.15 6990 24,470 7 1.4 0.0311
313.15 7920 27,600 13 +1.6 0.0275
328.15 8680 29,820 4 +2.1 0.0255

Henry's constants:

K'/mmHg dm> mo1”l =

K/mmig = (p,/mmHg)/x,

kPa (760 mmHg) .

(p, /mmig) / (¢, /mol dm'3)

The compiler calculated the mole fraction solubility value at 101.325

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The solubility was measured in an
apparatus designed to determine the
kinetic rate of catalyzed hydro-
chlorination of l-hexadecene in the
presence of ferric chloride. The
volume of gas absorbed by the pure
ligquid at increasing pressures,

175 - 750 mmHg, was measured. The
individual solubility values are
presented in a graph. The Henry's
constants were tabulated.

The heat of solution was stated to
be -3.00 kcal mol-1l (-12.55 kJ mol~l)
at 303 K and -0.20 kcal mol~=l (0.84
kJ mol-l) at 328 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Matheson Co.
Sublimed at high vacuum and
liguid air temperature, and
distilled into storage and
supply system.

(2) l-Hexadecene. Purified by

refluxing with potassium for

24 hours, and then distilled in

a vacuum, and stored under

nitrogen.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS ; EVALUATOR:
1. Hydrogen Chloride; HC1; Peter G. T. Fogg
[7647-01-0] Department of Applied Chemistry
and Life Sciences,
2. Aromatic Hydrocarbons Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

CRITICAL EVALUATION:
The Solubility of Hydrogen Chloride in Aromatic Hydrocarbons.

The solubility of hydrogen chloride in benzene was measured over a pressure
range by Saylor (1) and by O'Brien et al.(2). Approximate values of the
solubility at a partial pressure of 101.3 kPa were estimated by the evaluator by
use of the Krichevskii-Il'inskaya equation. Measurements were made at a total
Pressure equal to barometric pressure by Knight & Hinshelwood (3), Bell (4),
Parande et al.(5), Chesterman (6) and by Zetkin et al.(7). Data by Paranda
et al. differ by a factor of about 100 from other data and should be rejected.
The solubility reported by Chesterman is high compared with values given by
other workers and should be rejected because the method used may be unreliable.
Mole fraction solubilities at a partial pressure of 101.35 bar fit the equation:
In xpoy = - 358.42 + 17853.6 / (T/K) + 51.818 ln (T/K)
The standard deviation in values of Xucl is 0.00312. This equation is based
upon measurements made from 283.15 K to 323.15 K.

The solubility in benzene saturated with water was measured over pressure ranges
below 101.3 kPa by Wynne-Jones (8) at 298.15 K and by Saylor (1) at 303.15 K.
Extrapolation to a partial pressure of 101.3 kPa and comparison with the mole
fraction solubility in dry benzene given by the above equation indicate an
apparent increase in the mole fraction solubility from addition of water in the
first case and an apparent decrease i1n the second case. However the difference
between solubilities in benzene saturated with water and those in dry benzene
are less than those between different values for solubility in dry benzene.

The solubility in methylbenzene was measured by Bell (4), by Parande et al.(5)
and by Mirsaidov et al.(9) at barometric pressure, by O'Brien & Bobalek (10)
at pressures to 28 kPa and by Brown & Brady (11) at pressures to 0.8 kPa.
Measurements by Parande et al. should again be rejected because they are
grossly out of line with other data. Extrapolation of measurements by O'Brien
to a partial pressure of 101.3 kPa by use of a Krichevskii-Il'inskaya equation
indicates a mole fraction solubility at 298.15 K of 0.0428. This 1s in contrast
to the lower value of 0.0334 from measurements by Mirsaidov et al. Four
values of mole fraction solubilities at a partial pressure of 101.3 kPa
estimated by the evaluator from measurements by Bell, by Mirsaidov et al. and
by O'Brien & Bobalek in the temperature range 273.15 K to 298.15 K fit the
equation : 1n Xgep = - 9.383 + 1837/ (T/X)

The standard deviation in values of x is 0.006.

HC1
Measurements by Brown and Brady at 194.64 K were at low pressures and reliable
extrapolation to 101.3 kPa is not possible.

Solubilities in the three dimethylbenzenes at a total pressure equal to
barometric pressure were measured over temperature ranges by Ahmed, Gerrard and
Maladkar (12). These can be accepted on a tentative basis but no other
Measurements in pure dimethylbenzenes are available for comparison.

Mole fraction solubilities at 298.15 K and a partial pressure of gas of

101.3 kxPa are, according to the data discussed above, in the order:
benzene (0.0366) < methylbenzene (0.0399) < 1,2-dimethylbenzene (0.0515)
¢ 1,4-dimethylbenzene (0.0529) ¢ 1,3-dimethylbenzene (0.0570)

This series is close to that found by Brown & Brady except that the order of
1,2~ and 1.4-dimethylbenzene is reversed. These authors measured the solubility
of hydrogen chloride at 194.64 K and pressures to 0.84 kPa (6.4 mmHg) in
Mixtures of organic compounds (mostly aromatic) and methylbenzene in the ratio
4.515 moles to 44.96 moles. Similar measurements at the same temperature were
also made of the solubility in mixtures of organic compounds and heptane. 1In
this case measurements were carried out up to a pressure of 9.6 kPa (72 mmHg).

Henry's constants, K, based on measurements at low pressures, were defined as:

K = Pyc1’*ne1
Values of K/mmHg are given in brackets.
(The higher the value of K the lower is the mole fraction solubility at a fixed
Pressure.)

e
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COMPONENTS : EVALUATOR:
1. Hydrogen Chloride; HCl; Peter G. T. Fogg
(7647-01-0) Department of Applied Chemistry
and Life Sciences,
2. Aromatic Hydrocarbons Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

CRITICAL EVALUATION:

Relative solubilities of HC1l in mixtures containing methylbenzene and another
solvent in the ratio 44.96 moles to 4.515 moles :

heptane (335) < (trifluoromethyl)-benzene (332) = tetrachlorethene (332)

< chlorobenzene (318) < thiophene (316) < benzene (308) < 1-octene (306)

< [methyl benzenel] (299) < 1,4-dimethylbenzene (294) < cyclohexene (290)

< 2,4,4-trimethyl-2-pentene (288) = 2,4,4-trimethyl-1-pentene (288)

< 1,2-dimethylbenzene (286) < 1,3-dimethylbenzene (278)

< 1,2,4-trimethylbenzene (272) < 1,2,3-trimethylbenzene (265)

< 1,3,5-trimethylbenzene (254) < 1,2,3,4-tetramethylbenzene (250)

< 1,2,3,5-tetramethylbenzene (246)
Relative solubilities 1in mixtures containing heptane and another solvent in the
ratio 32.57 moles to 1.629 moles :

[heptane] (4520) < trifluoromethylbenzene (4220) < chlorobenzene (4000)

< benzene (3500) < fluorobenzene (3260) < methylbenzene (3170)

< 1,3-dimethylbenzene (2980) < trimethylbenzene (2550)

Relative solubilities in mixtures containing heptane and another solvent in the
ratio 32.67 moles to 2.5 moles :

[heptane] (4520) < i1odobenzene (3750) < bromobenzene (3660}

¢ chlorobenzene (3570) < fluorobenzene (3260) < methylbenzene (2790)

< ethylbenzene (2680) < (1-methylethyl)-benzene (2490)

< 1,3-dimethylbenzene (2460) < (2-methylpropyl)-benzene (2380)

¢< 1,3,5-trimethylbenzene (2210)

The solubility of hydrogen chloride was also measured at two other
concentrations of 1,3,5-trimethylbenzene 1n heptane. A plot of the reciprocal
of the Henry's law constant against the mole fraction of 1,3,5-trimethylbenzene
i1n the mixture lies close to a straight line (see fig. 1)

The data presented by Brown and Brady are self-consistent and appear to be
reliable and enable useful comparisons with measurements of solubilities in
single solvents at higher temperatures. The two authors explained the orders
for the aromatic compounds indicated above in terms of relative basicities of
aromatic nuclei and showed that there was good correlation with other measures
of relative basicities.
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COMPONENTS ¢

1. Hydrogen Chloride; HCl;
[7647-01-0]

2. Aromatic Hydrocarbons

EVALUATOR:

Peter G. T. Fogg

Department of Applied Chemistry
and Life Sciences,

Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

CRITICAL EVALUATION:
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Figure 1

Dissolution of hydrogen chloride in mixtures of .
1,3,5-trimethylbenzene and heptane - variation of the reciprocal

of Henry's law constant, K, with the mole fraction of

trimethylbenzene.

(see ref. 11)
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Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCLl; Knight, R. W.; Hins
[7647-01-1] gnt, ; Hinshelwood, C. N.
J. Chem. Soe. 1927, 466 - 472.
(2) Benzene; CgHc; [71-43-2] =
VARIABLES: PREPARED :
T/K: 293.15 RED BY
Total P/kPa: 101.325 W. Gerrard
EXPERIMENTAL VALUES:
T/K Total Solubility
Pressure
p/mmig g dm~3
293.15 760.4 16.80
761.0 16.76
760.4 16.82
762.0 16.74
761.4 16.79
760.8 16.81
759.4 16.80
(760) 16.80 av.

to be the same as that

The compiler assumes the density of solution

of pure benzene at 293.15

K. He estimates the partial pressure of benzene
above the solution to be 71.1 mmHg, and he assumes
a linear change of mole fraction, zj;, of hydrogen
chloride with change in pressure for that range
(689 - 760 mmHg). The estimated value of =z
0.0433 for a partial pressure of HCl of 101.325 kPa.

is

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE :

The apparatus was a straight tube
fitted with a gas inlet tube, and a
capillary syphon tube for the with-
drawal of samples of solution for
chemical analysis. After the gas had
been passed for many hours at 293.15
K, a sample of solution was allowed
to pass into alkali, and the excess
of the latter was back titrated.

The total pressure in the absorption
vessel was atmospheric.

SOQURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. The HCl was
prepared from sulfuric acid and
ammonium chloride of attested
purity.

(2) Benzene. Analytical reagent

standard. Purified and fraction-

ated through a 6-~foot column.

M.p. 278.63 K.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCL; Bell, R. P.
[7647-01-0]
J. Chem. Soe. 1931,
(2) Aromatic hydrocarbons; C6H6 1371 - 1382.
and C7H8
VARIABLES : PREPARED BY:
T/K: 293.15 W. Gerrard
P/kPa: 101.325 (1 atm) '
EXPERIMENTAL VALUES:
T/K Partition Mol Fraction
Coefficient
c /c ‘1
1,7771,9
Benzene; C6H6; [71-43-2]
293.15 11.05 0.0425
Methyl benzene or toluene;
C,H,; [108-88-3]
778
293.15 11.9 0.0507
The ideal gas concentration at p; = 1 atm
is ¢y, /mol dam=3 = n/v = p/RT = 0.0417.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus consisted of a 50 cm
bulb extended at the top as a
graduated tube, and sealed at the
bottom to a capillary U-tube. The
liquid was saturated with gas at
atmospheric pressure. The gas was
displaced from the saturated solu-
tion by a current of dry co, free

3

air, absorbed in water, and

titrated with a solution of NaOH.
—3, was
coefficient
gas con-
gas phase.

The solubility, e/mol dm
converted to a partition
by dividing by the ideal
centration of HCl in the

The mole fraction solubility was

calculated on the assumption that
the density of the solution obeys
the ideal mixture law.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared by
dropping pure concentrated
hydrochloric acid into pure
sulfuric acid.

(2) Aromatic hydrocarbons. Good

specimens were dried over

calcium chloride, and daistilled.

Boiling points are given 1in

paper.

ESTIMATED ERROR:

AT/K
de/c

[
o

REFERENCES :
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COMPONENTS :

(1) Hydrogen chloride; HC1;
[7647-01-01]

(2) Benzene; CgHg: [71-43-2]

ORIGINAL MEASUREMENTS:
Chesterman, D. R.

J. Chem. Soec. 1935, 906 - 910.

VARIABLES:

PREPARED BY:
T/K: 298.15
Total P/kPa: 101 (1 atm) W. Gerrard
EXPERIMENTAL VALUES:
T/K Observed Solubility Mol Fraction
Pressure g HCl g~ 'Solution z7
p/mmig
298.15 767 0.02 0.042

the compiler.

The mole fraction solubility value was calculated by

AUXTLIARY INFORMATION

METHOD APPARATUS /PROCEDURE:

The apparatus was that used for the
conductivity. A sample of the
saturated solution was removed,
weighed, the hydrogen chloride was
reacted with excess standard base
which was back titrated with a
standard acid solution.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
conc. sulfuric acid and pure
sodium chloride. Passed through
sulfuric acid and over P,0g.

(2) Benzene. Was stated to be the
purest obtainable. Dried with
sodium and distilled. B.p./°C
(767 mmHg) = 79.5 - 80.0

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01~0]

(2) Benzene; CgHg; [71-43-2]

ORIGINAL MEASUREMENTS:

Saylor, J. H.

J. Am. Chem. Soe. 1937, 59,
1712 - 1714.

VARIABLES:
T/K:
P/kPa:

303.15
0.200 - 75.994
(1.5 - 570 mmHg)

PREPARED BY:

W. Gerrard

EXPERIMENTAL VALUES:

T/K Pressure Molality Mole Ratio Mol Fraction
p1/mmHg mi/mol kg"l nij/njp xzy
303.15 1.5 0.0006 0.0000468 0.0000468
6.2 0.0022 0.000172 0.000172
51.4 0.0171 0.00133 0.00133
78.0 0.0391 0.00305 0.00304
211 0.111 0.00866 0.00858
321 0.172 0.0134 0.0132
393 0.188 0.0147 0.0145
510 0.275 0.0215 0.0210
585 0.279 0.0232 0.0226
570 0.302 0.0236 0.0230
(760 0.027 - 0.029)!

! Estimated by the compiler from the uncertain plot of x) ve.

pP1-

The mole ratio and mole fraction values were calculated by the

compiler.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus consists of two glass
bulbs which are separated by a tap.
The lower bulb, 200 cm® capacity,
contains the solvent and some gas
space. The upper bulb, 292.6 t 0.02
cm?® capacity, contains the gas.

The solvent in the lower bulb is
saturated with HCl by bubbling the
dry gas through the solvent. The bulb
are then "partially evacuated", the
tap opened, and the whole apparatus
put in a thermostat for 5 to 7 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated. The HCl partial pres-
sure is calculated from the bulb
volume and number of moles of HCl.

A weighed solution sample is re-
moved for the lower bulb and titrated
with sodium hydroxide.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. The HCl was
generated from sulfuric acid and
good grade ammonium chloride.

(2) Benzene. Both Baker Analyzed and

Kahlbaum. Purified by fractional

distillation, and stored over

sodium.

T

ESTIMATED ERROR:
§T/K

0.02

REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; O'Brien, S. J.; Kenny, C. L.;
[7647-01-0] Zeurcher, R. A.
(2) Benzene; C6H67 [{71-43-2] J. Am. Chem. Soe. 1939, 61,
2504 - 2507.
VARIABLES : PREPARED BY:
T/K: 298.15
P/kPa: 2.63 - 60.90 W. Gerrard
(0.026 - 0.601 atm)
EXPERIMENTAL VALUES:
T/K Pressure Molality Mol Ratio Mol Frgction
P1/3tM  p /mol kg™l n)/ny 31
298.15 0.026 0.014 0.00109 0.00109
0.078 0.040 0.00312 0.00311
0.100 0.047 0.00367 0.00365
0.111 0.048 0.00374 0.00373
0.197 0.096 0.00749 0.00743
0.211 0.112 0.00874 0.00866
0.391 0.191 0.0149 0.0147
0.601 0.273 0.0213 0.0209
(1.00 0.0310)!

by the compiler.

! yalue from the compiler's graphical extrapolation of the
plot of the above bl ve. py data.

The data are credited to unpublished M.S. theses of
Schmelzle and Westfall, Creighton University, Omaha, NB.

The mole ratio and mole fraction values were calculated

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method and apparatus are almost
identical to those of Saylor (l).
The main difference is the use of a
1 to 2 day instead of a 5 to 7 day
equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated with NaOH. The HCl
partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaOH.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
chemically pure potassium
chloride and sulfuric acid.

Dried by phosphorus pentoxide.
(2) Benzene. Eastman Kodak Co.
Used as received.

ESTIMATED ERROR:

§T/K = 0.02

REFERENCES:

1. Saylor, J. H.
J. Am. Chem. Soe. 1937, 59,
1712, -
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; O'Brien, S. J.
[7647-01-0]

J. Am. Chem. Soc. 1941, 63,

(2) Benzene; C6H6; [71-43-2] 2709 - 2712.
VARIABLES: PREPARED BY:
T/K: 303.15, 313.15
P/kPa: 0.77 - 61.73 W. Gerrard

(5.8 -~ 463 mmHg)

EXPERIMENTAL VALUES:

T/K Pressure Molality Mol Ratio Mol Fraction
p,/mmHg m, /mol kg™l  M/my z
303.15 47 0.0255 0.0020 0.0020
65 0.0364 0.0028 0.0028
72 0.0396 0.0031 0.0031
246 0.145 0.0113 0.0112
438 0.252 0.0197 0.0193
463 0.263 0.0205 0.0201
(760 0.0306)1
313.15 5.8 0.0026 0.000203 0.000203
12.3 0.0061 0.00048 0.00048
17.0 0.0074 0.00058 0.00058
22.4 0.0110 0.00086 0.00086
46.7 0.0204 0.00159 0.00159
48.8 0.0221 0.00172 0.00172
56,2 0.0284 0.00222 0.00221
108 0.046 0.00359 0.00358
159 0.076 0.00593 0.00590
247 0.107 0.00835 0.00827
(760 0.0214)!

! A graphical extrapolation of the plot of the actual z,
values vs. p, gives the stated value for 101.325 kPa

(760 mmHg) .

AUXILIARY

METHOD /APPARATUS /PROCEDURE :

The method and apparatus are those of
Saylor (1) as modified by O'Brien et

al., (2). The main difference is the

use of a 1 to 2 day instead of a 5 to

7 day equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated with NaOH. The HCl
partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaOH.

INFORMATION

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared
from chemically pure potassium
chloride and sulfuric acid.
Dried by phosphorus pentoxide.

(2) Benzene. Stored over sodium.
Distilled before use; m.p.
278.63 K.

ESTIMATED ERROR:

§T/K = 0.02

REFERENCES :

1. Saylor, J. H.

J. Am. Chem. So0e.1937, 59, 1712.

2. O0'Brien, S. J.; Kenny, C. L.
Zeurcher, R. A.

J. Am. Chem. Soec. 1939, 61, 2504.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Parande, M. G.; Kshirsagar, S. N.;
[7647-01-0] Deshpande, A. B.
(2) Benzene; CgHg: [71-43-2] Pet. Hydroecarbons 1969, 4, 17 - 18.
VARIABLES: P
T/K: 301.15 - 328.15 PREPARED BY:
HCl pP/kPa: 53.33 -~ 80.53 W. Gerrard
(400 ~ 604 mmHg)
EXPERIMENTAL VALUES:
T/K Total Approximate Solubility Mol Fraction x12
Pressure HCl Pressure' Experiment At One
Py /mmHg py/mmHg g cm™? Pressure Atm
301,15 714 604 0.0001786 0.000439 0.000552
308.15 714 569 0.0001380 0.000342 0.000457
318.15 714 490 0.0001104 0.000278 0.000431
328.15 714 400 0.0000781 0.000199 0.000378

at the specified temperature.

The compiler calculated the approximate HCl partial pressure by
subtracting the pure benzene vapor pressure from the total pressure

The mole fraction solubility values were calculated by the compiler
assuming the solubility represented g HCl with 1 cm?® of pure
solvent. The density of pure solvent was used at each temperature.

The mole fraction solubility at one atm HCl was obtained by the
compiler assuming a linear change of xj1 with pressure.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Dry hydrogen chloride was bubbled
into about 500 cm® of solvent which
was in a three-necked flask fitted
with a stirrer. The pressure was
stated to be atmospheric.

The passage of gas appeared to be
stopped; the liquid was stirred for
"some more time" to remove excess
gas; a 5 cm? sample of solution was
removed for an acid-alkali titration.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Chemically
pure grade hydrochloric acid was
added dropwise to chemically pure
sulfuric acig.

(2) Benzene. Source not given. Chem-

ically pure sample distilled and

stored over sodium.

The liquid was then stirred 30 to 40
m at the next higher temperature,
controlled by a thermostat, and
another sample was removed for
titration,

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Zetkin, V. I.; Kosorotov, V. I.;
[7647-01-01 Stul, B. Ya.; Dzhagatspanyan, R. V.
(2) Benzene; CgH¢; [71-43-~2] Khim. Prom. 1971, 47, 102 - 103.

Soviet Chem. Ind. 1971, 3, 89 - 90.

VARIABLES: PREPARED BY:
/K 283.15 - 323,15 W. Gerrard
p/kPa 101.325 (1 atm) (smoothed data calculated by H.L. Clever)

o

NTAL VALUES: i
EXPERIME AL Temperature Mol Fraction

t/°C T/K x,
10 283.15 0.0562
20 293.15 0.0417
30 303.15 0.0302
40 313.15 0.0224
50 323.15 0.0162

The measurements appear to have been carried out at a total pressure of
one atm.

Smoothed Data: For use between 283.15 and 323.15 K
In x, = 34.3060 - 39.2708/(7/100 K) - 22.4004 1ln (T7/100 K)

1
The standard error about the regression line is 2.53 x 10™%.

T/K Mol Fraction

Tq

283.15 0.0563
293.15 0.0415

298.15 0.0356

303.15 0.0305
313.15 0.0223
323.15 0.0162

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Gas absorbed at atmospheric pressure
as described by Zetkin and Kosorotov |(l) Hydrogen chloride. Self prepared
(1). The amount of gas absorbed was from sodium chloride and concen-
determined by a chemical titration. trated sulfuric acid. Dried
with sulfuric acid.

The author fitted the data to the

linear equation (2) Benzene. Purity stated to be
greater than 99 %. Dried with
log z, = -5.71 + 1270/(7/K) calcium chloride.

However, the three constant equation
above fits the data much better.

The author's equation gives an -
enthalpy of solution of -5.8 kcal ESTIMATED ERROR:
mol-?,

REFERENCES :

1. Zetkin, V. I.; Kosorotov, V. I.
Zh. Fiz. Khim. 1970, 44, 830.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl;
[7647-01~01] Wynne-Jones, W. F. K.
(2) Benzene; C6H6; [71-43-2] J. Chem. Soe. 1930, 1064 ~ 1071.

(3) Water; HO0; [7732-18-5]

VARIABLES: PREPARED BY:

T/K: 298.15 W. Gerrard
p7/mmHg: 2.95 - 28.1

EXPERIMENTAL VALUES:

T/K Pressure Water Phase Benzene Phase Henry's Mole
Constant Fraction!

p,/mmig m;/mol kg™l my/mol kg'l (Benzene) (Benzene)

P1/my &
298.15 2.95 9.603 0.00213 1390 0.000166
4.67 10.215 0.00340 1370 0.000265
5.72 10.508 0.00423 1350 0.000330
10.74 11.43 0.00768 1400 0.000599
15.6 11.99 0.0110 1420 0.000858
28.1 12.93 0.0216 1300 0.00168

! The value of the mole fraction of HC1l in benzene was calculated by the
compiler. :

Henry's constant: H/mmHg kg mo1~1 =(p;/mmHg) / (m;/mol kg'l).

p;/mmHg 1s the pressure common to both liquid phases, and based on
the value for the agueous solution, as given by Randall and Young ().
Notice that the maximum pressure is only 28.1 mmHg (0.0370 atm, 3.75

kPa}.
AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
It was simply stated that the "two (1) Hydrogen chloride. The gas was
liquids" were shaken together in a obtained by dropping hydrochloric
stoppered bottle; but it must be acid (analytical grade) into
presumed that hydrogen chloride had sulfuric acid.
already been added to the water. The
bottle was occasionally shaken over (2) Benzene. Not stated.
a period of 2 - 5 days. Then samples
of each ligquid were taken; and, by (3) Water. Not stated.

an acid-base titration, the amount
of hydrogen chloride in a weighed
amount of each sample was determined.

ESTIMATED ERROR:
ST/K = ¢+ 0.01

REFERENCES :

1. Randall, M.; Young, L. E.
J. Am. Chem. Joc. 1928, 50,
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(109 - 579 mmHg)

COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HCl;

[7647-01-01 Saylor, J. H.
(2) Water; Hp0; [7732-18-5] J. Am. Chem. Soe. 1937, 59,
1712 - 1714.
(3) Benzene; Cglg; [71-43-2)]
VARIABLES: .
T/K: 303.15 PREPARED BY:
P/kPa: 14.49 - 77.21 W. Gerrard

EXPERIMENTAL VALUES:

T/K Pressure Molality Mole Ratio Mol Fraction
p1/mmHg  mjy/mol kg-1 nl/n3 x1
303.15 109 0.0579 0.00452 0.00450
244 0.132 0.0103 0.0102
395 0.205 0.0160 0.0157
579 0.282 0.0220 0.0215
(760 0.0266) !

by the compiler.

of HCL.

! pstimated by the compiler. The actual plot of z)
is distinctly curved concave upward. Extrapolation from
the highest pressure to 760 mmHg gives the value for zj.

The mole ratio and mole fraction values were calculated

Water-saturated benzene. The solution was prepared by
bubbling HCl into a mixture of water and benzene. A sample
of the benzene layer was transferred to the apparatus
described below to determine the equilibrium vapor pressure

V8. Pl

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

The apparatus consists of two glass
bulbs which are separated by a tap.
The lower bulb, 200 cm® capacity,
contains the solvent and some gas
space. The upper bulb, 292.6 * 0.02
cm® capacity, contains the gas.

The solution is placed in the lower
bulb. The bulbs are then'"partially
evacuated", the tap opened, and the
whole apparatus put in a thermostat
for 5 to 7 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated with carbonate free
sodium hydroxide. The HCl partial
pressure is calculated from the bulb
volume and the number of moles of
HCl. A weighed solution sample is
removed from the lower bulb and
titrated with carbonate free sodium
hydroxide.

(2)
(3)

Water.

Kahlbaum.

sodium.

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen chloride. The HCl was
generated from sulfuric acid and
a good grade ammonium chloride.
No information.

Benzene. Both Baker Analyzed and

distillation, and stored over

Purified by fractional

ESTIMATED ERROR:

§T/K = 0.02

REFERENCES :




66

Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS :
(1) Hydrogen chloride; HCL;
[7647-~01-0]

ORIGINAL MEASUREMENTS:
O'Brien, S. J.; Bobalek, E. G.

J. Am. Chem. Soe. 1940, 62,

(25.1 - 214 mmHg)

(2) Methylbenzene or toluene; C7H8; 3227 - 3230.
{108-88-3]
VARIABLES: PREPARED :
T/K: 298.15 BY
P/kPa: 3.35 - 28.53 W. Gerrard

EXPERIMENTAL VALUES:

T/K Pressure Molality Henry's Mol Ratio Mol Fraction

pl/mmHg ml/mol kg'l Coni¥ant nl/n2 ©qy

298.15 25.1 0.0153 2.16 0.00141 0.00141

25.7 0.0167 2.02 0.00154 0.00153

73.9 0.0465 2.09 0.00428 0.00426

73.3 0.0468 2.06 0.0043 0.00429

120 0.0762 2.07 0.0070 0.00696
190 0.119 2.11 0.0109 0.0108
214 0.137 2.05 0.0126 0.0124

(760 0.478 2.09 av. 0.0444 0.0425)2

! k/atm mol”! kg

constant.

at one atm (101.325 kPa).

2 yalue calculated by the compiler from the
Use of the "high and low values
gives a range of 0.0409 to 0.0436 for the

average value of Henry's
of Henry's constant
mole fraction solubility

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The method and apparatus are those of
saylor (1) as modified by O'Brien et

al. (2). The main difference is the

use of a 1 to 2 day instead of a 5 to
7 day equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated with NaOH. The HC1

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared
from chemically pure potassium
chloride and sulfuric acid.
Dried by phosphorus pentoxide.

(2) Toluene. Stated to be of good

quality, stored over sodium,

and distilled, né°, 1.4959.

ESTIMATED ERROR:

§T/K 0.02

partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaOH.

REFERENCES:

1. Saylor, J. H.
J. Am. Chem. Soe. 1937, 59, 1712,

2. O'Brien, S. J.:; Kenny, C. L.
Zeurcher, R. A.
J. Am. Chem. Soec. 1939, 61, 2504.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCL; Brown, H. C.; Brady, J. D.
[7647-01-0]
J. Am. Chem. Scc. 1952, 74,
(2) Methylbenzene or toluene; 3570 -~ 3582.
C_H_.CH,; [108-88-3]
6 5773
VARIABLES: T/K: 194.64 PREPARED BY:
P/kPa: 0.504 -~ 0.836 W. Gerrard
(3.78 = 6.27 mmig)
EXPERIMENTAL VALUES:
T/K Pressure Equilibrium Mixture Mol Fraction Henry's Constant
mmH
pl/ g nl/mmol n2/mmol zy K/mmHg = pl/xl
194.64 3.78 0.640 49.475 0.01278 296
4.84 0.824 49.475 0.01639 295
6.27 1.061 49.475 0.02099 299

299! (0.393 atm)

The authors' value.
as linear.
nately to calculate values of mole

the maximum recorded above.

The compiler calculated the values

The plot of pressure vs.
The Henry's constant value should not be used indiscrimi-

mole fraction was read

fraction for pressures greater than

of Henry's constant,

AUXTLIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

By means of high precision high
vacuum equipment and procedure the
change of the pressure of the gas
phase due to absorption was accu-
rately measured at 194.64 K.

The mole fraction of hydrogen
chloride in the liquid phase was
calculated. The solubility was
finally expressed as the Henry's
constant, K/mmHg = HCl pressure/mole
fraction.

Henry's constant is the pressure
(numerically) at which x, = 1, and

it may deviate widely from the
reported value of pi = 1.43 atm

(1087 mmHg), the vapor pressure of
pure liquid hydrogen chloride at
194.64 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not stated,
but may be taken as of high
quality.

(2) Methylbenzene. Thoroughly

attested as of high quality.

values of the boiling point
and refractive index are in
the paper.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Parande, M. G.; Kshirsagar, S. N.:
[7647-01~0] Deshpande, A. B.
(2) Methylbenzene or toluene; Pet. Hydrocarbons 1969, 4, 17 - 18.
C Hgs [108-88-3] -
8
VARIABLES: PREPARED BY:
T/K: 300.15 - 328.15
HCl P/kPa: 78.93 - 90.66 W. Gerrard
(592 - 680 mmHg)
EXPERIMENTAL VALUES:
T/K Total Approximate = Solubility Mol Fraction xlz
Pressure HCl Pressure -3 .
g cm Experiment At One
pt/mmHg pl/mmHg Pressure Atm
300.15 712 680 0.0002759 0.000809 0.000904
308.15 712 665 0.0001980 0.000586 0.000669
318.15 712 635 0.0001677 0.000502 0.000601
328.14 712 592 0.0001380 0.000423 0.000543

at the specified temperature.

solvent.

! The compiler calculated the approximate HCl partial pressure by
subtracting the pure toluene vapor pressure from the total pressure

2 The mole fraction solubility values were calculated_by the compiler
assuming the solubility represented g HCl with 1 cm® of pure
The density of pure solvent was used at each temperature.

The mole fraction solubility at one atm HCl was obtained by the
compiler assuming a linear change of z, with pressure.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Dry hydrogen chlogide was bubbled
into about 500 cm® of solvent which
was in a three-necked flask fitted
with a stirrer. The pressure was
stated to be atmospheric.

The passage of gas appeared to be
stopped; the liquid was stirred for
"some more time" to remove excess
gas; a 5 cm® sample of solution was
removed for an acid-alkali titration.

The liquid was then stirred 30 to 40
m at the next higher temperature,
controlled by a thermostat, and
another sample was removed for
titration.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Chemically
pure grade hydrochloric acid was
added dropwise to chemically
pure sulfuric acid.

(2) Methylbenzene. Chemically pure

sample was distilled, and stored

over sodium.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Mirsaidov, U.; Dzhuraev, Kh. Sh.;
[7647-01~0] Semenenko, K. N.
(2) Methylbenzene or toluene; C7H8; Dokl. Akad. Nauk Tadzh. SSR
[108-88~3] 1975, 18, 30 - 31.
VARIABLES: PREPARED BY:
T/K = 273.15, 298.15 W. Gerrard
pz/kPa = 101,325 (1 atm)

EXPERIMENTAL VALUES:

T/K Hydrogen Chloride Mol Ratio Mol Fraction
wl/wt% nl/n2 x,
273.15 2.8 0.0729 0.0679
298,15 1.3 0.0332 0.0322
The authors labeled the HCl as HCl, %. The compiler assumed this was

weight per cent to calculate the mole

ratio and mole fraction.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was passed into the
liquid until the concentration
remained constant. The amount dis-
solved was determined by an alkali
titration. The final pressure was
presumably a total pressure equal to
the atmospheric pressure.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Obtained
from its concentrated agqueous
solution by treatment with con-
centrated sulfuric acid.

(2)

Methylbenzene. Not stated.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS: ORIGINAL MEASUREMENTS:

(1) Hydrogen Chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0]

(2) Various organic compounds J. Am. Chem. Soc. 1952, 74,

3570 - 3582.
(3) Methylbenzene, (toluene});
C7H8; [{108-88-3]

VARIABLES: PREPARED BY:
T/K: 194.64
p1/kPa: 0.120 - 0.855 W. Gerrard

{see below)

EXPERIMENTAL VALUES:
Temperature = 194.64 K

Component P/mmHg Equilibrium mixture Mole Henry's
(2) Fraction Constant
nT/mmol nz/mmol n3/mmol Yy K/mmHg

Cyclohexene;

C6H1O7 {110-82-7] 1.74 0.303 4.515 44.96 0.00609 286
3.38 0.588 4,515 44.96 0.01174 288
5.70 0.995 4.515 44,96 0.01971 289
290!
(0.382 atm)
Heptane;
CoH i [142-82-5] 2.25 0.334 4,515 44,96 0.00671 335
3.50 0.526 4.515 44,96 0.01052 333
5.90 0.888 4.515 44,96 0.01763 335
335!
- (0.441 atm)

2,2,4-Trimethyl-1-pentene;

CgHygs [107-39-11 0.901 0.156 4.515 44,96 0.00314 287
3.33 0.574 4.515 44.96 0.01147 290
4,75 0.810 4.515 44.96 0.01611 295
288!
(0.379 atm)

! The authors' value. The plot of pressure vs. mole fraction was read as

linear. The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the
maximum recorded above.

The compiler calculated the values of Henry's constant for the mixtures.

AUXILIARY INFORMATION

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

By means of high precision high (1) Hydrogen chloride. Not stated,

vacuum equipment and procedure the but may be taken as of high

change of the pressure of the gas quality.

phase due to absorption was

accurately measured at 194.64 K. I (2,3) Thoroughly attested as of
high guality. Values of the

The mole fraction of hydrogen boi1ling points and refractive

chloride in the liquid phase was indices are given 1in the paper.

calculated. The solubility was
finally expressed as the Henry's

constant, K/mmHg = HCl pressure/mole ESTIMATED ERROR:
fraction, p1/x1.

Henry's constant is the pressure,

(numerically) at which x, = 1, and REFERENCES:
1t may deviate widely from the
reported value of p = 1.43 atm
(1087 mmHg), the vapor pressure
of pure liquid hydrogen chloride at
194.64 K.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen Chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0]}
(2) Various organic compounds J. Am. Chem. Soc. 1952, 74,
3570 - 3582.
(3) Methylbenzene, (toluene);
C7H8; [108-88-3]
EXPERIMENTAL VALUES:
Temperature = 194.64 K
Component P/mmHg Equilibrium mixture Mole Henry's
(2) Fraction Constant
n1/mmol nz/mmol n3/mmol X, K/mmHg
2,4,4-Trimethyl-2-pentene;
C8H167 [107-40-41 1.30 0.228 4.515 44.96 0.00459 283
2.75 0.476 4.515 44,96 0.00953 289
4.58 0.772 4,515 44.96 0.01537 298
288!
(0.379 atm)
1-Octene;
c8H167 [111-66-0) 1.95 0.317 4.515 44,96 0.00637 306
3.00 0.487 4.515 44,96 0.00975 308
4.11 0.661 4.515 44.96 0.01320 31
306!
(0.403 atm)
Benzene;
C6H6; {71-43-2) .90 0.313 4.515 44.96 0.00629 302
3.67 0.601 4.515 44.96 0.01200 306
5.80 0.947 4.515 44.96 0.01880 309
308!
(0.405 atm)
1,2~ Dlmethylbenzene, (o-xylene);
C8H10; [95-47-6] .40 0.245 4.515 44.96 0.00493 284
3.65 0.636 4.515 44.96 0.01269 288
5.15 0.902 4.515 44.96 0.01791 288
286!
(0.376 atm)
1,3-Dimethylbenzene; (m-xylene);
C8H10; {108-38-3] 1.99 0.359 4.515 44,96 0.00720 276
2.98 0.542 4,515 44.96 0.01084 275
3.92 0.701 4,515 44.96 0.01397 281
278!
(0.366 atm)
1,4-Dimethylbenzene; (p-xylene);
C8H107 [106-42-3] 2.34 0.402 4,515 44,96 0.00806 290
5.18 0.885 4.515 44.96 0.01757 295
6.41 1.093 4.515 44,96 0.02161 297
294!
(0.387 atm)
,2,3-Trimethylbenzene, (hemimellitene);
C9H12; {526-73-8] 2.88 0.545 4.515 44.96 0.01090 264
4.45 0.838 4.515 44.96 0.01666 267
5.61 1.065 4,515 44.96 0.02107 266
265!
(0.349 atm)
1,2,4-Trimethylbenzene, (pseudocumene),
9H 20 {95-63-6] 3.36 0.623 4,515 44.96 0.01244 270
4.24 0.783 4.515 44.96 0.01558 272
5.49 1.011 4.515 44.96 0.02003 274
272!
(0.358 atm)
! The authors' value. The plot of pressure vs. mole fraction was read as

linear.

maximum recorded above.

The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the

The compiler calculated the values of Henry's constant for the mixtures.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen Chloride; HCl; Brown, H. C.; Brady, J. D.
[7647-01-0]
(2) Various organic compounds J. Am. Chem. Soc. 1952, 74,
3570 - 3582.
(3) Methylbenzene, (toluene);
C7H8; [108-88-3]
EXPERIMENTAL VALUES:
Temperature = 194.64 K
Component P/mmHg Equilibrium mixture Mole Henry's
(2) Fraction Constant
n1/mmol n2/mmol n3/mmol X K/mmHg
1,3,5-Trimethylbenzene, (mesitylene);
C9H12; [108-67-8] 1.84 0.375 4.515 44,96 0.00752 245
2.78 0.547 4.515 44,96 0.01094 254
4.40 0.852 4.515 44.96 0.01693 260
254!
(0.334 atm)
1,2,3,4-Tetramethylbenzene, (prehnitene);
CioHy 47 (488-23-3] 1.34 0.276 4.515 44,96 0.00555 241
3.05 0.600 4.515 44,96 0.01198 255
3.85 0.777 4.515 44.96 0.01553 248
2501
(0.329 atm)
1,2,3,5-Tetramethylbenzene, (isodurene);
C10H14; [527-53-7] 2.50 0.514 4.515 44,96 0.01028 243
3.61 0.733 4.515 44,96 0.01460 247
246!
(0.324 atm)
(Trifluoromethyl)benzene, (benzotrifluoride);
C7H5F3; [98-08-8] 2.24 0.335 4.515 44,96 0.00673 333
3.50 0.530 4,515 44.96 0.01060 330
5.43 0.824 4.515 44.96 0.01638 332
332!
(0.437 atm)
Chlorobenzene;
C6H5C17 [108~90-7] 1.88 0.299 4,515 44,96 0.00601 313
3.55 0.555 4,515 44,96 0.01109 320
5.53 0.861 4.515 44,96 0.01711 323
318!
(0.418 atm)
Tetrachloroethene;
C2C14; [127-18-4] 1.54 0.233 4.515 44,96 0.00469 328
2.63 0.403 4.515 44,96 0.00808 325
5.15 0.785 4,515 44.96 0.01571 328
332!
(0.437 atm)
Thiophene, (thiofuran);
C4H4s; [110-02-1] 3.80 0.602 4,515 44.96 0.01202 316
4.92 0.783 4.515 44.96 0.01202 316
5.89 0.939 4,515 44.96 0.01863 316
3161
(0.416 atm)
(100% Methylbenzene)
3.78 0.640 49,475 0.01278 296
4.84 0.824 49,475 0.01639 295
6.27 1.061 49,475 0.02099 299
299!}
(0.392 atm)
! The authors' value. The plot of pressure vs. mole fraction was read as

linear.

maximum recorded above.

The Henry's constant value should not be used indiscriminately
to calculate values of mole fraction for pressures greater than the

The compiler calculated the values of Henry's constant for the mixtures.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Mirsaidov, U.; Dzhuraev, Kh. Sh.;
[7647-01-0] Semenenko, K. N.
(2) 1,1'-0Oxybisethane or diethyl
ether; C4H100; [60-29-7] Dokl. Akad. Nauk Tadzh. SSR

(3) Methylbenzene or toluene; C7H8; 1975, 18, 30 - 31.

[108-88~3]
VARIABLES: PREPARED BY:
r/K = 273.15, 298.15 W. Gerrard
pl/kPa = 101.325 (1 atm)

EXPERIMENTAL VALUES:
T/K  Ether Methylbenzene Ratio Hydrogen Chloride?

. 2
nying 10 wz/wt%

26.5
20.1
12.7
11.04
2.8

273.15

. e
HW\NHO

298.15 0 17.0
1 19.0?
1 13.5
3 8!

1 1.3

OHHWH OHWHM

From small graph. Note that the author's diagram
showing plots of HCl, % vs. time is wrongly indexed;
the line for 1l:1 is labeled as for 1:3, and vice versa.

2 The authors labeled the HCl content as HCl, %. The
compiler assumed this was weight per cent.

AUXILIARY INFORMATION

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

Hydrogen chloride was passed into the | (1) Hydrogen chloride. Obtained
liquid until the concentration from its concentrated aqueous
remained constant. The amount dis- solution by treatment with
solved was determined by an alkali concentrated sulfuric acid.
titration. The final pressure was

presumably a total pressure equal (2) 1,1'-Oxybisethane. Not stated.

to the atmospheric pressure.
(3) Methyl benzene. Not stated.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen chloride; HC1; Ahmed, W.; Gerrard, W.;
[7647-01-0) Maladkar, V. K.
2. 1,2-Dimethylbenzene; C8Hlo; J. Appl. Chem. 1970, 20, 109 - 115.
[95-47-6]
VARIABLES : PREPARED BY:
T/K: 253.15 - 293.15
Total P/kPa: 101.325 (1 atm) W. Gerrard
(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

T/K Mol Ratlo Mol Fraction
n n X
HCl/ C8H10 HC1
253.15 0.188 0.158
263.15 0.136 0.120
273.15 0.103 0.0934
283.15 0.075 0.0698
293.15 0.061 0.0575
The mole fraction solubilities were calculated from the mole ratio by the
compiler.
Smoothed Data: 1n Xucy = -9.359 + 19.036/(T/100)

Standard error about the regression line =

- 3

1.03 x 10~

. T/K Mol Fraction
Xuc1
253.15 0.159
263.15 0.119
273.15 0.0917
283.15 0.0717
293.15 0.0570

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was passed into a
known weight of ligquid in a bubbler
tube at a total pressure measured by
a manometer assembly. The absorbed
gas was weighed by re-weighing the
bubbler tube. The temperature was
manually controlled to within 0.2 K.
The procedure and apparatus are
described by Gerrard (1,2).

For temperatures below 268 K a
chemical titration was conducted.

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen chloride. Obtained from
a cylinder containing a good com-
mercial specimen. Was dried by
passage through concentrated
sulfuric acid.

1, 2-Dimethylbenzene. Best
obtainable specimen was suitably
purified, dried, and fractionally
distilled, and attested.

ESTIMATED ERROR:

ST/K = 0.2
§X/X = 0.015
REFERENCES :
1. Gerrard, V.
J. Appl. Chem, Biotechnol. 1972,
22, 623 - 650.
2, Gerrard, W.

"Solubility of Gases and Liquids"
Plenum Press, New York, 1976
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen chloride; HC1l; Ahmed, W.; Gerrard, W.;
[7647-01-0] Maladkar, V. K.
2. 1,3-Dimethylbenzene; C8H10; J. Appl. Chem. 1970, 20, 109 - 115.
[108~38-3]
VARIABLES: PREPARED BY:
T/K: 203.15 - 293.15
Total P/kPa: 101.325 (1 atm) W. Gerrard
(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES: T/K Mol Ratio Mol Fraction
n n X
HCL1/"CgH, o HC1
203.15 1.45 0.592
213.15 0.95 0.487
223.15 0.60 0.375
233.15 0.385 0.278
243.15 0.270 0.213
253.15 0.195 0.163
263.15 0.140 0.123
273.15 0.110 0.0991
283.15 0.085 0.0783
293.15 0.071 0.0663

The mole fraction solubilities were calculated from the mole ratio by the
compiler.

Smoothed Data: 1ln XHcl = 9,261 - 6.786/(T/100) - 9.026 ln (T/100)
Standard error about regression line = 1.42 x 10_2
T/K Mol Fraction
Xuc1

203.15 0.621

213.15 0.471

223.15 0.359

233.15 0.275

243.15 0.212

253.15 0.165

263.15 0.129

273.15 0.101

283.15 0.0797

293.15 €.0632

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Hydrogen chloride was passed into a 1. Hydrogen chloride. Obtained from
known weight of liquid in a bubbler a cylinder containing a good com-
tube at a total pressure measured by mercial specimen. Was dried by
a manometer assembly. The absorbed passage through concentrated
gas was weighed by re-weighing the sulfuric acid.

bubbler tube. The temperature was .
manually controlled to within 0.2 K. | 2. 1l,3-Dimethylbenzene. Best

The procedure and apparatus are obtglgable specimen was su;tably
described by Gerrard (1,2). purified, dried, and fractionally

distilled, and attested.
For temperatures below 268 K a chem-

ical titration was conducted.

ESTIMATED ERROR:
§T/K
§X/X

oo
o
PR
N

REFERENCES:

1. Gerrard, W.
J. Appl. Chem. Biotechnol. 1972,
22, 623 - 650.

2. Gerrard, W.
"Solubility of Gases and Liquids"
Plenum Press, New York, 1976
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T/K:
Total P/kPa:

273.15 - 293.15
101.325 (1 atm)

COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen chloride; HC1; Ahmed, W.; Gerrard, W.;
[7647-01-0] Maladkar, V. K.

2. 1,4-pimethylbenzene; CgH, 4; J. Appl. Chem. 1970, 20, 109 - 115.
[106-42-3]

VARIABLES: PREPARED BY:

W. Gerrard
(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

HC1

Standard error about regression line =

T/K Mol Ratio Mol Fraction
n n X
HCl/ C8H10 HCl
273.15 0.111 0.0999
283.15 0.080 0.0741
293.15 0.064 0.0602
The mole fraction solubilities were calculated from the mole ratio by the
compiler.
Smoothed Data: 1n X = =-9,752 + 20.313/(T/100)

2.30 x 1073

T/K Mol Fraction
*nc1
273.15 0.0987
283.15 0.0759
293.15 0.0594

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was passed into a
known weight of liquid in a bubbler
tube at a total pressure measured by
a manometer assembly. The absorbed
gas was weighed by re-weighing the
bubbler tube. The temperature was
manually controlled to within 0.2 K.
The procedure and apparatus are
described by Gerrard (1,2).

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen chloride. Obtained from
a cylinder containing a good com-
mercial specimen. Was dried by
passage through concentrated
sulfuric acid.

2. 1,4-Dimethylbenzene. Best
obtainable specimen was suitably
purified, dried, and fractionally
distilled, and attested.

ESTIMATED ERROR:

§T/K
§X/X

nu
o

REFERENCES ;
1. Gerrard, W.

J. Appl. Chem. Btotechnol. 1972,
22, 623 - 650.

2. Gerrard, W.
"Solubility of Gases and Liquids"
Plenum Press, New York, 1976
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) Dimethylbenzene (mixture of

isomers) ; CBHIO; [1330-20-7]

ORIGINAL MEASUREMENTS:

Parande, M. G.; Kshirsagar, S. N.;
Deshpande, A. B.

Pet. Hydrocarbons 1969, 4, 17 - 18,

ARIABLES : :
v T/K: 300.15 - 328.15 PREPARED BY
HCl P/kPa: 93.33 W. Gerrard
(700 mmHg)
EXPERIMENTAL VALUES:
T/K  Total Approximate . Solubility Mol Fraction xlz
Pressure HCl Pressure -3 .
g cm Experiment At One
pt/mmHg pl/mmHg Pressure Atm
300.15 711 700 0.0005520 0.00187 0.00203
308.15 0.0004629
318.15 0.0003750
328.15 0.0003220

at the specified temperature.

The mole
assuming
solvent.

The mole
compiler

The compiler calculated the approximate HCl partial pressure by
subtracting the pure solvent vapor pressure from the total pressure

fraction solubility values were calculated_by the compiler
the solubility represented g HCl with 1 em3 of pure
The density of pure solvent was used at each temperature.

fraction solubility at one atm HCl was obtained by the
assuming a linear change of x4y with pressure.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE ;

Dry hydrogen chloride was bubbled
into about 500 cm® of solvent which
was in a three-necked flask fitted
with a stirrer. The pressure was
stated to be atmospheric.

The passage of gas appeared to be
stopped; the liquid was stirred for
"some more time" to remove excess
gas; a 5 cm”® sample of solution was
removed for an acid-alkali titration.

The liquid was then stirred 30 to 40
m at the next higher temperature,
controlled by a thermostat, and
another sample was removed for
titration.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Chemically
pure grade hydrochloric acid was
added dropwise to chemically pure
sulfuric acid.

(2) Dimethylbenzene. Commercial

grade sample was distilled, and

stored over sodium.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HC1; H. Lawrence Clever
[7647-01-0] Department of Chemistry
Emory University
(2) Alcohols Atlanta, GA 30322 Usa
1984, March; revised 1987, February

CRITICAL EVALUATION:

An Evaluation of the Solubility of Hydrogen Chloride in Alcohols.

Fifteen papers (ref 1 - 15) report the solubility of hydrogen chloride
gas in fourteen linear primary alcohols, four branched primary alcohols,
five linear secondary alcohols, and one branched secondary alcohol. Most
of the measurements were carried out at a hydrogen chloride partial pres-
sure of 101.3 kPa at several temperatures. Measurements at hydrogen
chloride partial pressures less than atmospheric pressure (101.3 kPa) are
reported for only methanol, ethanol, and l-butanol. Seventy per cent of thq
data are in six papers (ref 5, 7, 8, 9, 13, 14) from the laboratory of
Professor W. Gerrard, who has published extensively on the solubility of
gases in liquids (ref 16, 17, and references therein).

The solutions saturated at 101.3 kPa partial pressure of hydrogen chlor-
ide are concentrated and non~ideal. A number of conductivity studies have
been carried out on dilute hydrogen chloride-alcohol solutions, but few
experiments have been carried out to characterize the departure from ideal
behavior of the concentrated solutions. The nature of the interaction
between hydrogen chloride and the alcohol lone pair electrons is still a
matter of some controversy as to whether these are strong, moderate, or
weak electrolyte interactions.

Table 1 compares the solubilities of hydrogen chloride in the various
alcohol solutions liquid at 273.15 and 298.15 K and 10l1.3 kPa partial
pressure hydrogen chloride in units of mole fraction (x;), molality (m;/
mol kg~'), and concentration (c;/mol dm~’). The solubility of hydrogen
chloride in water is included for comparison (ref 18). Table 2 contains a
more extensive comparison of mole fraction solubilities for 24 alcohols
at ten degree intervals over the experimental range reported.

The experimental data were treated by linear regressions to obtain
equations of 1ln (mole fraction) as a function of temperature. The mole
fraction values in Table 1 and 2 are from these equations. Several of the
273.15 K values were extrapolated from values at higher temperature. The
mole fraction values in Table 1 are believed to be reliable to 0.5 percent
or better. The molality values, calculated directly from the mole fraction
values,should be equally reliable. However, the concentration values may
be uncertain by several percent. They were approximated by estimating the
solution volume to be the sum of the pure hydrogen chloride and alcohol
volumes at 273.15 and 298.15 K. The density of liquid hydrogen chloride
was taken from (ref 18).

The solubility data in Table 1 show several trends of interest. (i)The
mole fraction solubility of hydrogen chloride is smaller in water
than in any of the alcohols at 273.15 K, but larger in water than in
the primary alcohols at 298.15. The secondary alcohols show a larger mole
fraction solubility than in water at both temperatures. (7Z) The mole
fraction solubility of hydrogen chloride in the primary alcohols increases
with increasing alcohol carbon number from methanol to l-pentanol at
273.15 K, and from methanol to l-heptanol at 298.15 K. The largest in-
crease is between methanol and ethanol (5 - 7 %); at higher carbon number
alcohols the increase is about the magnitude of the uncertainty in the
measurement. (77¢7)The mole fraction solubility is about four percent
greater in the secondary alcohol than in the corresponding carbon number
primary alcohol at these temperatures.

Individual hydrogen chloride + alcohol systems are discussed below
under sections on the effect of hydrogen chloride partial pressure and
temperature on the solubility.

I. The solubility of hydrogen chloride in alcohols as a function of
partial pressure.

The solubility of hydrogen chloride as a function of pressure
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01~0]

(2) Alcohols

EVALUATOR:

H. Lawrence Clever

Emory University
Atlanta, GA 30322

Department of Chemistry

USA

1984, March, revised 1987, February

CRITICAL EVALUATION:

Table 1. Solubility of hydrogen chloride in alcohols. Tentative values of
the mole fraction (x7), molality (mz/mol kg=!), and concentration
(e7/mol dm~?) solubilities at 273.15 and 298.15 K at a hydrogen

chloride partial pressure of 101.3 kPa.

Alcohol T/K 3 m1/mol kg~! c7/mol dm~?
Water? 273.15 0.487 52.8 22.5
298.15 0.463 47.9 21.4
Linear (Normal) Primary Alcohols
Methanol 273.15 0.490 30.0 12.4
298.15 0.419 22.5 9.85
Ethanol 273.15 0.513 22.9 10.7
298.15 0.448 17.6 8.5
l-Propanol 273.15 0.513 17.5 9.2
298.15 0.449 13.6 7.3
1-Butanol 273.15 0.520 14.6 8.2
298.15 0.451 11.1 6.4
l-Pentanol 273.15 0.523 12.4 7.3
298.15 0.450 9.28 5.6
l-Hexanol 273.15 0.518 10.5 6.5
298.15 0.454 8.14 5.1
l-Heptanol 273,15 0.516 9.17 5.9
298.15 0.456 7.21 4.7
l1-Octanol 273.15 0.511 8.02 5.3
298,15 0.452 6.33 4.2
l-Nonanol 273.15 - - -
298.15 0.449 5.65 3.85
l-Decanol 273.15 0.513 6.68 4.6
298.15 0.460 5.38 3.7
l-Dodecanol 273.15 - - -
298.15 0.424 3.95 2.9
Branched Primary Alcohols
2-Methyl-l-propanol 273.15 0.514 14.3 8.0
298,15 0.455 11.3 6.4
2-Methyl-1l-butanol 273.15 0.526 12.6 7.4
298,15 0.471 10.1 6.0
3-Methyl-l-butanol 273.15 0.521 12.3 7.15
298.15 - - -
2,5,5-Trimethyl-l~hexanol 273.15 0.517 7.42 5.0
298,15 0.457 5.83 3.95
Linear and Branched Secondary Alcohols
2-Propanol 273.15 0.530 18.8 9.4
298.15 0.472 14.9 7.6
2-Butanol 273.15 0.539 15.8 8.6
298,15 0.473 12.1 6.8
3-Pentanol 273.15 0.535 13.2 7.6
298.15 0.479 10.4 6.1
4-Heptanol 273.15 0.535 9.90 6.2
298,15 0.478 7.88 5.0
2-0Octanol 273.15 0.535 8.83 5.7
4~Methyl-2~-pentanol 273.15 0.547 11.8 7.0
298.15 0.476 8.89 5.4

a4 Ref 18
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was studied in methanol at 298.15 K, in ethanol at 298.15 K, and in l-butan-
ol at a number of temperatures between 235 and 326 K. One study estimated
the hydrogen chloride solubility at a single small partial pressure from
electrochemical measurements in methanol and ethanol at a temperature of
298.15 K. The temperatures, pressure intervals, and number of measurements
are summarized below and in Figures 1, 2, and 3.

System T/K Pressure Interval Number Reference

HC1l + Methanol 298.15 5.19-1,116x10" Pa 56 11
298.15 0.11 Pa 1 6

HCl + Ethanol 298.15 14.4 - 625 Pa 5 2
298.15 62 Pa 1 6

HCl + 1l-Butanol 273.15 22.8 - 101.3 kPa 6 9
278,15 28.3 - 116.9 kPa 6 9
283.15 34.3 - 136.4 kPa 6 9
288.15 41.2 ~ 157.7 kPa 6 9

1. Hydrogen chloride + 1-Butanol [71-36-3]

Gerrard, Mincer and Wyvill (ref 9) report the partial pressure of hydro-
gen chloride over six solutions as a function of temperature and pressure.
There are over 60 measurements that range in temperature from 235.15 to
326.85 K and in hydrogen chloride partial pressure from 22.7 to 170.7 kPa
(170 to 1281 mmHg). From these measurements data sets of the solubility of
hydrogen chloride as a function of partial pressure were prepared at temp-
eratures of 273,15, 278.15, 283.15, and 288.15. The data are displayed in
Figure 1 as a plot of 1n (pl/kPa)vs. 1n (x,). The plots were assumed to be
linear, and the data were“treated by a 1inear regression to obtain the
intercepts and slopes below:

T/K Intercept Slope
273.15 8.6572 6.153
278.15 8.7605 6.044
283.15 8.7876 5.8575
288.15 8.8432 5.7146

The slopes are very near six. They show that the hydrogen chloride mole
fraction solubility increases as about the (1/6) power of the partial pres-
sure.

Professor Gerrard has long criticized both the concept and the application
of Henry's law. He is correct in that Henry's law does not apply to the HCl
+ l-butanol system at these temperatures and pressures. The partial pressurg
to the (1/6) power is quite different than the limiting first power depend-
ence expected of Henry's law in the limit of low pressure and dilute solu-
tion.

At present we have no explanation of the linear ln (p;) vs. 1ln (x;)
relationship of slope near six. As an empirical relationship it appears to
be useful. From a single measurement of the solubility at atmospheric pres-
sure one can assume the slope of six and estimate the hydrogen chloride
mole fraction solubility down to an HCl partial pressure of near 20 kPa.
Figure 1 data do show a slight upward curvature. Thus, it is not advis-
able to use the relationship at either higher or lower pressures until the
relationship is studied over greater pressure intervals.

The hydrogen chloride + l-butanol data are classed as tentative. The
equation 1n (p,;/kPa) = Intercept + Slope 1n (x;) reproduces the data
with an average  deviation of less than 0.5 percent.

2. Hydrogen chloride + Ethanol [64-17-5)

Jones, Lapworth, and Lingford (ref 2) measured the solubility of hydroger
chloride in ethanol and in a number of ethanol + water mixtures. Only the
results for pure ethanol are presented and discussed in this volume. They
measured the equilibrium pressure of HCl over solutions of known composi=-
tion rather than measure directly the solubility. There are five duplicate
measurements at hydrogen chloride partial pressures between 14 and 625 Pa.
These values are presented in Figure 2 on a 1ln (p;/kPa) vs. ln {(z;) plot.
Also on Figure 2 is a point for the accepted solubility at one atm (101.3
kPa) with a line of slope sixdrawn through it. The experimental data at
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pressures less than 1 kPa deviate from the line of slope six, but do
appear to be approaching the line as the partial pressure increases.

The results are classed as tentative. The experimental values at 298.15
K are given below:

HCl partial pressure, p;/Pa 14.4 55.6 108. 351 625

Mole Fraction HC1, z, 0.0159 0.0425 0.0651 0.1267 0.1642

The authors applied the Gibbs-Duhem relation to obtain an equation for the
HC1l partial pressure as a function of the solution mole ratio. It is
interesting that the equation,when extrapolated to atmospheric pressure,
gives a solution composition that is within 2 percent of the accepted HCl
solubility in ethanol at that pressure.

Fritz (ref 6) estimated an HCl solubility of 0.0461 mole fraction at a
partial pressure of 62 Pa. The value is classed tentative. It agrees well
with the values of Jones et al. (ref 2).

3. Hydrogen chloride + Methanol [67-56-1]

Fritz (ref 6) estimated one solubility value at a partial pressure of
0.11 Pa from his analysis of emf results. Schmid, Maschka, and Sofer (ref
11) made 56 measurements of the HCl vapor pressure over HCl + methanol
solutions of known composition. The partial pressures ranged from 5.19 to
11160 Pa at 298.15 K. The single value of Fritz does not agree well with
the results of Schmid et o¢/.The value was not considered further, but the
lack of agreement is disturbing since Fritz's solubility value in ethanol
appears to be reliable.

Nine of the Schmid et al. values are plotted on the 1ln (p,/kPa) vs.
In (x4) scale of Figure 2. Also on the Figure is a point for %he solubil-
ity o% HC1l in methanol at atmospheric pressure with a line of slope six
through it. The solubility values at the lower pressures deviates greatly
from the line, but the values at partial pressures of 3.08, 6.11, and
11.16 kPa fall almost on the line of slope six. This indicates the empiri-
cal observation of the slope six line for the HCl + l-butanol system may
be useful for other systems. For the HCl + methanol system it may allow a
reasonable estimation of the solubility down to a partial pressure of 3
kPa.

A further test for Henry's law behavior is shown in Figure 3. All 56
measurements of Schmid ez al. (ref 11) were used to prepare the Figure of
1n (p;/mmHg) vs. 1ln (m;/mol kg=!) . The experimental values are compared
with a Henry's law line of slope 2 (strong electrolyte assumption) esti-
mated from literature emf measurements in ultradilute solutions. If our
estimate is correct, the HCl + methanol system is not in agreement with
Henry's law at the pressure of 5.19 Pa (0.0389 mmHg). For the HCl + meth-

anol solutions the relationship for the HCl activity was taken to be
2 2 2

a; =a, =m Yi.

The data of Schmid, Mashka, and Sofer (ref 1ll) are classed as tentativej.
The single value of Frizt (ref 6) is classed as doubtful. The behavior
of HCl + methanol solutions at low HCl partial pressures needs further
study.
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Figure 3.

Figure 4.

Figure 5.
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HCI + CH3OH .

in(P,/mm Hg)

In{m,/mol kg™

( ¢+ ) Hydrogen chloride + Methanol (ref 11l).

in (p,/mmHg) vs. ln (m,;/mol kg™1)

The straight line (slope 2) is our estimate of the true

Henry's law line. At the higher partial pressures of HCl
(> 5 kPa) the experimental line approaches the slope of

six observed for HCl + l-butanol (Figure 1).

(next page, + ) Hydrogen chloride + l-Alcohols, C, - C,q.

ln x; wvs. 1000/(I/K)
The ideal Raoult's law line to the right is drawn with
respect to the l-propanol abscissa. The lines were drawn

from solubility values calculated from the linear regressions

(second page, ») Hydrogen chloride + l-Alcohols, Cg = Cygq-.

in z, vs. 1000/(T/K)

A continuation of Fig. 4. The ideal Raoults line to the
right is drawn with respect to the l-octanol abscissa. The
solid lines were drawn from solubility values calculated
from the linear regressions. The dotted lines (only two
experimental values) were drawn to parallel the calculated

lines.
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Further comments at caption two pages back.




86 Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HCI; H. Lawrence Clever
[7647-01-0) Department of Chemistry
Emory University
(2) Alcohols Atlanta, GA 30322 usa
1984, March, revised 1987, February

CRITICAL EVALUATION:

II. The solubility of hydrogen chloride in alcohols as a function of
temperature at a hydrogen partial pressure of 101.3 kPa.

There are solubility data on 24 alcohols at a hydrogen chloride partial
pressure of 101.3 kPa. Three systems have data at only one temperature, two
systems at two temperatures, and for the othernineteen systems the data range
from five to over twenty five temperatures. The temperature intervals stud-
ied range from 35 degrees for methanol to 220 degrees for l-octanol.

Few of the papers give details of the HCl1l partial pressure measurement.
In many of the experiments the gas is bubbled through the liquid and
escapes against'atmospheric'pressure. The depth of the liquid (hydrostatic
pressure contribution) and the actual atmospheric (barometer) pressure are
not given. There could be an uncertainty in the pressure of several percent]
If all of the HCl + alcohol systems show the same (1/6) power of partial
pressure dependence of mole fraction as does the HCl + l-butanol system
discussed in section I the effect of pressure uncertainty is minimized.
A three percent uncertainty in partial pressure would result in only a 0.5
percent uncertainty in the mole fraction solubility.

Most of the papers state the alcohol was dried and protected from water
vapor during the experiment. However, none of the papers give a gquantita-
tive analysis of the alcohol water content. Jones et al. (ref 2) studied
the effect of water on the solubility of HCl in ethanol. Small amounts of
water decrease the HC1l solubility in ethanol. This effect is an unknown
factor in the other alcohols.

The temperature dependent data have been fitted by the method of least
squares to an equation of the type:

1n z; = A1 + A,/(T/100 K) + Asln (T/100 K) + A, (7/100 K) + Ag(T/100 K)?2 +-1

Most of the systems were well fitted by a three constant egquation, but
five systems required four constants (l-butanol, l-hexanol, l-decanol,
l-hexadecanol, and 2-butanol), and the l-octanol systems required five
constants. The linear regression equation, its standard error about the
regression line in mole fraction, and the experimental temperature range
are given for each system in Table 3. Table 2 contains smoothed values of
the mole fraction solubility at ten degree intervals within the experi-
mental temperature interval., A few values were extrapolated beyond the
experimental temperature range. They are enclosed in ( ).

Figures 4 and 5 display the experimental data for the linear primary
alcohols. The lines were drawn from values calculated from the linear
regression equations. The straight line to the right is the Raoult's law
ideal solubility line. The maximum deviation from Racult’s law behavior
occurs near 335 K for all systems. It appears as if the experimental
behavior will approach the Raoult's law line at very high temperatures.
The normal boiling point of hydrogen chloride is 188.2 K. At this temp-
erature the ideal mole fraction solubility reaches its limit of unit mole
fraction hydrogen chloride.

It is reassuring to see the parallel nature of the 1n x; ve. 1000/(T/K
plots of Figures 4 and 5. It implies a consistency among the various
workers in their measurement of the HCl solubility in alcohols., The data
are classed tentative with a few exceptions noted in the following section
on the individual systems. The values in the 273 to 313 K interval are
believed to be reliable to within one-~half or one percent. At the temp-
erature extremes the uncertainty is probably greater, but probably no
worse than three to five percent.

Starting at alcohol of carbon number 12 there appears to be a change ir
the solubility pattern. At 333 K the mole fraction solubility is about
four percent less than in the lower molecular weight alcohols. All of the
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solubility values for alcohols of carbon number 12, 14, 16, and 18 are from
the paper of Fernandes and Sharma (ref 12) . Whether the change indicates a
systematic error in their measurement or a change in the solution property
because of increasing fraction of hydrocarbon residue in the alcohol can
not be determined. However, there is a possibility that the solubility data
for these alcohols is less reliable than the values for the smaller carbon
number alcohols.

The individual systems are discussed briefly below. There is additional
information on the systems in Tables 2 and 3. Table 2 is arranged to make
comparison of the smoothed solubility values for linear primary, branched
primary, linear secondary, and branched secondary alcohols easy. The same
arrangement is used in the discussion below and in Table 3. There are no
HC1l solubility data in tertiary alcohols. The tertiary alcchols normally
react readily with HCl to form the chloride.

1. HCl + Methanol;[67-56-1]

Lobry de Bruyn (ref 1) reports two, Gerrard and Macklen (ref 5) six,
Kohn (ref 3) one, and Chesterman (ref 4) one measurement. The 273,15 K
measurement from (ref 1) and the single measurement from (ref 4) were not
used in the linear regression. All other values were classed tentative.

2. HC1l + Ethanol; ([64-17-5]

Lobry de Bruyn (ref 1) reports two, Kohn (ref 3) one, Chesterman (ref 4)
two, and Gerrard and Macklen (ref 5) five measurements. The 305.15 K value
from (ref 1) and the 288.15 K value from (ref 3) were not used in the
linear regression. All other values were classed tentative.

3. HCl1l + l-Propanol; [71-23-8]

Kohn (ref 3) reports two, Gerrard and Macklen (ref 5) six, and Cook (ref
13) five measurements. All values were classed as tentative and used in the
linear regression.

4. HC1 + 1-Butanol; ([71-36~3]

Kohn (ref 3) reports three, Gerrard and Macklen (ref 5) seven, Gerrard
et al.(ref 8) six, Ionin et al. (ref 10) one, and Fernandes (ref 15) one
measurement. No values from (ref 3) were used. The 273.15 K value of (ref
8) and the 315.15 K value of (ref 15) were not used in the linear regres-
sion. All of the values used were classed as tentative.

5. HC1l + 1l-Pentanol; [71-41-0]

Kohn (ref 3) reports six, Gerrard and Macklen (ref 7) six, Gerrard et al|
(ref 8) thirteen, and Ionin et al. (ref 10) one measurement. The 334.15 K
value from (ref 3) and all of the values from the other references were
classed as tentative and used in the linear regression.

6. HC1l + l-Hexanol; [111-27-3]

Gerrard and Macklen (ref 7) report six, and Fernandes (ref 15) three
measurements. All were classed as tentative and used in the linear
regression.

7. HC1 + l-Heptanol; [111-70-6]

Gerrard and Macklen (ref 7) report six, and Ionin et al. (ref 10) one
measurement. All values were classed as tentative and used in the linear
regression.

8. HC1l + l-Octanol; [111-87-5]

Gerrard and Macklen (ref 5) report seven, Gerrard et al. (ref 8) four,
Ionin et al. (ref 10) one, Ahmed et al. (ref 14), and Fernandes (ref 15)
four measurements. The values at 196.15 and 229.15 K from (ref 8), at
273.15 and 283.15 from (ref 14), and at 353.15 and 373.15 K from (ref 15)
were omitted from the linear regression. All other values were classed as
tentative.

9. HCl1 + l-Nonanol; [143-08-8]
The single measurement of Ionin et al. (ref 10) was classed as tentative.
10. HC1 + l-Decanol; [112-30-1]

Gerrard and Macklen (ref 7) report six, Ionin et al. (ref 10) one, and
Fernandes (ref 15) four measurments. All values were classed as tentative
and used in the linear regression. l-Decanol melts at 280.1 K, however,
the saturated solutions are liquid well below the alcohol's normal m. p.




88 Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HC1; H. Lawrence Clever
[7647-01-0] Department of Chemistry
Emory University
(2) Alcohols Atlanta, GA 30322 UsA
1984, March; revised 1987, February

CRITICAL EVALUATION:
11, HCl + l-Dodecanol; [1l12-53-8]

Fernandes and Sharma (ref 12) report the nine measurements on the
system. They are classed as tentative and all were used in the linear
regression. The authors report the solution at 453.15 K turned brown, how-
ever, the solubility value appears consistent with the other values. The
l1-dodecanol melts at 297.0 K, but its solutions saturated with HCl are
liquid to lower temperatures. Note the comment about these data at the top
of the previous page.

12. HCl + l-Tetradecanol; [112-72-1}

Fernandes and Sharma (ref 12) report the two measurements on the system.
The values were classed as tentative.

13. HCl + l-Hexadecanol; [36653-82-4]

Fernandes and Sharma (ref 12) report nine measurements. All values were
classed tentative and used in the linear regression.

14. HCl + l-Octadecanol; [112-92-5]

Fernandes and Sharma (ref 12) report two measurements. The values were
classed as tentative.

15. HCl + 2-Methyl-l-propanol; [78-83-1]

Gerrard and Macklen (ref 5) report seven measurements. All values were
classed as tentative and used in the linear regression.

16. HC1l + 2-Methyl-l-butanol; [137-32-6]

Gerrard and Macklen (ref 5) report seven measurements. All values were
classed as tentative and used in the linear regression.

17. HCl + 3-Methyl-l-butanol; [123-51-3]}

Kohn (ref 3) reports two measurements.at 278.15 K. The values were
classed tentative, but may be less reliable than values from most other
workers.

18. HCl + 2,5,5-Trimethyl-l-hexanol; [3452-97-9]
Gerrard and Macklen (ref 5) report five measurements. All values were
classed as tentative and used in the linear regression.

19. HC1l + 2-Propanol; [67-63-0]

Chesterman (ref 4) reports one, and Gerrard and Macklen (ref 5) five
measurements. The single value from (ref 4) appears to be about four per-
cent too small and was not used. The other values were classed as tenta-
tive and were used in the linear regression.

20. HCl + 2-Butanol; [78-92-21]

Gerrard and Macklen (ref 5) report six measurements from 281.25 to
312.95 K, and Gerrard et al. (ref 8) report seven measurements from 198.15
to 319.15 K. All values were classed as tentative and were used in the
linear regression.

21. HCl + 3-Pentanol; [584-02-1)
22. HCl + 4-Heptanol; [589-55-9]

Gerrard and Macklen (ref 5) report five measurements for each systen.
All values were classed as tentative and used in the linear regressions.

23. HCl + 2-Octanol; [123-96-6]

Kohn(ref 3) reports one measurement at 279.15 K. The value was classed
as tentative, but may be less reliable by 2 - 3 percent than values from
other workers.

24. BHCl + 4-Methyl-2-pentanol; [108-11-2]

Gerrard and Macklen (ref 7) report six measurements from 274.75 to
319.45 K, and Gerrard et al. (ref 8) report nine measurements from 201.15
and 311.15 K. The 307.45 K value from (ref 7) was not used. All other
values were classed as tentative and used in the linear regression.
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Table 2. Solubility of hydrogen chloride in normal alcohols. Tentative
values of the mole fraction solubility at a hydrogen chloride
partial pressure of 101.3 kPa as a function of temperature.

Primary Normal Alcohols

— ~ —
[o} -t o] - o] - —~
— =] o] <] o] =] Q [o]
o] - 1] o) o] =] o] [<] =]
<] o} o) o + I + o o
o <] o + [~ % & + ]
< o i =] 9] Q ) 9] ]
+H F<} [N q (1 ==} =S o =z
4] + 1 1 1 [ 1 1 1
= &] ~ — ~ — — — —
T/K
193.15 (0.816) (0.799) (0.828)
203.15 0.767 0.765 0.776
213.15 0.724 0.729 0.724
223.15 0.684 0.693 0.675
233.15 0.648 0.657 0.632
243.15 0.613 0.622 0.595
253.15 - - - 0.581 0.587 - - 0.564
263.15 - - 0.550 0.554 0.536

273.15 0.490 0.513 0.513 0.520 0.523 (0.518)(0.516) 0.511

283.15 0.463 0.488 0.488 0.492 0.493 0.493 0.494 0.488 -
293,15 0.434 0.462 0.463 0.464 0.464 0.467 0.469 0.464 -

208.15 0.419 0.448 0.449 0.451 0.450 0.454 0.456 0.452 0.449%

303.15 0.404 0.434 0.436 0.437 0.437 0.441 0.443 0.439 -

313.15 0.407 0.410 0.412 0.412 0.414 0.415 o0.412 -
323.15 - - - - 0.388 0.387 0.387 0.383
333.15 0.366 0.359 0.360 0.350
343.15 - 0.330 - 0.314
353.15 - 0.301 - 0.276
363.15 0.272 0.237
373.15 0.244 0.198
383.15 0.217 0.160
393.15 0.190 0.126
403.15 - 0.095
413.15 - 0.070
423.15 -
433.15 -
443.15

453.15

463.15

473.15

4 one experimental value.

Values in ( ) were extrapolated outside the range of experimental
measurement.
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Table 2 (continued). Solubility of hydrogen chloride in alcohols. Tentative

values of the mole fraction solubility of hydrogen chloride at a
partial pressure of 101.3 kPa as a function of temperature.
Primary Normal Alcohols Branched - Primary Alcohols
-
o - —
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o] 0 o o ~— - ~
- = ] 3] 3] 1~ ] [
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a a [ o o =N =3 = d
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T/K
193.15
203.15
213.15 .
223.15
233.15
243.15
253.15 - - - -
263.15 - - - -
273.15 0.513 (0.514) (0.526) 0.521¢
283.15 0.492 - 0.492 0.505 -
293.15 0.471 - 0.468 0.482 -
298.15 0.460 (0.424) - 0.455 0.471
303.15 0.448 0.421 0.442 0.459
313.15 0.420 0.399 - (0.398) - 0.415 0.435
323.15 0.388 0.364 - (0.365) - - -
333.15 0.350 0.321 0.313° 0.315 0.309°
343.15 0.309 0.275 0.260
353.15 0.266 0.228 0.207
363.15 0.223 0.186 0.160
373.15 0.181 0.148 0.122
383.15 0.143 0.115 0.092
393.15 0.109 0.089 0.069
403.15 0.081L 0.067 0.051
413.15 o0.058 0.050 0.039
423.15 - 0.037 0.029
433.15 - 0.027 0.021b 0.022 0.018°
443,15 - 0.020 - 0.017 -
453.15 0.014 0.014
463.15 - 0.011
473.15 - 0.009

b experimental values.

C estimated from two experimental values at a higher temperature.
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Table 2 (continued). Solubility of hydrogen chloride in alcohols.Tentative

values of the mole fraction solubility of hydrogen chloride at a
partial pressure of 10l1.3 kPa as a function of temperature.

(cont.) Linear and Branched Secondary Alcohols
'
—
>
&
o+
0 —
E O ~ - ~ fe]
A g 0 ~ Q 0 - =
N a £ 0 b g 0 ~ g
& X @ £ d @ g Dy
10 -3 e By + q &g
n g 0 i o o, 2 Yo
S v o 0 0 0 0 &
L] [N M A =] o =1
~ 1 | ] ] ] [N\l
(3] (o] o~ ™ - o =
T/K
193,15 - (0.831)
203.15 0.779 0.793
213.15 0.732 0.755
223.15 0.691 0.717
233.15 0.656 0.680
243.15 0.624 0.645
253.15 - - 0.594 - - - 0.610
263.15 - - 0.566 - - - a 0.578
273.15 (0.517) (0.530) 0.539 (0.535)(0.535) 0.535 0.547
283.15 0.495 0.508 0.512 0.514 0.513 0.517
293.15 0.470 0.484 0.486 0.491 0.49%0 0.489
298.15 0.457 0.472 0.473 0.479 0.478 0.476
303.15 0.444 0.460 0.460 0.467 0.466 0.463
313.15 0.418 0.435 0.435 0.443 0.443 0.438
323.15 - - (0.410) - - -
333.15 - - -
343.15 - - -
353.15 -~ - -
363.15
373.15
383.15
293.15
403.15
413.15
423,15
433.15
443,15
453.15
463,15
473,15

d estimated from a single value at a higher temperature.

Values

experimental measurements.

in () are extrapolated values from outside the range of the
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Table 3. Hydrogen chloride in alcohols. Smoothing equation from linear
regression, standard error about regression line (mole fraction),

temperature range of experimental measurements.

Methanol
In x; = (18.1997 ¢ 7.0628)
-(23.8284 + 9.9260)/(T/100K)
-(10.2400 * 3.4162)1n(T/100K)
g = 0.0025
273.15 - 307.35 K
Ethanol
in x; = (13.6149 * 3.5862)
-(17.7142 * 5.0459)/(T/100K)
-(7.7589 * 1.7323)1n(T/100K)
g = 0.0021
273.15 - 313.25 K
l-Propanol
In x; = (12.4129 * 0.5637)
~-(16.0956 + 0.7919)/(T/100K)
-(7.1532 = 0.2727)1n(T/100K)
g = 0.0005
267.65 -315.15 K
1-Butanol
ln 7 = -(5.3500 * 1.800)
+(8.4593 + 2.4336)/(T/100K)
+(6.9795 + 1.9422)1n(r/100K)
-(1.9819 + 0.3824) (T/100K)
o = 0.0015
195.15 - 318.15 K
l1-Pentanol
1n ©; = (4.9597 % 0.3413)
-(5.4332 * 0.4510)/(T7100K)
-3.6021 * 0.1737)1n(T/100K)
¢ = 0.0033
201.15 = 334.15 K
l-Hexanol
ln 7 = -(45.5683 * 12.2455)
+(62.9042 * 16.8788)/(T/100K)
+(46.3840 * 10.2143)1n(T/100K)
-(9.0526 * 1.5359) (T/100K)

o = 0.0014
279.85 - 393.15
l-Heptanol

In z; = (16.6621 * 1.3802)
-(22.1457 * 1.9973)/(T/100K)
~(9.1718 * 0.6496) In(T/100K)

o = 0.0013
279.15 - 337.35 K
1-Octanol

1n ©; = (75.6012 * 28.4597)
-(158.4921 + 48.8758)/(T/100K)
-(200.3029 *
+(82.3919 + 18.1865) (T/100K)
-5.6328 * 1.0389) (T/100K)?

c = 0.0087
196 .15 - 413.15 K
1-Nonanol

No equation, only one experimental value.

1-Decanol
ln 7 = -(175.8767 ¢ 68.5805)
+(239.8244 * 94.5801)/(T/100K)

+(170.1297 * 56.6925)1n(T/100K)

-(30.5853 z 8.4252) (T/100K)
g = 0.0088
273.15 - 413.15 K
l1-Dodecanol
ln z; = (89.8907 ¢ 7.6611)
-(129.0024 = 12.1823)/(T/100K)
-(43.4629 + 3,3184)1n(T/100K)
c = 0.0093
303.15 - 453.15 K
1-Tetradecanol
No equation, only two values.

52.,1084) 1n(7/100K)

l-Hexadecanol
In 7 = (387.1453 % 113.6435)
-(543.9591 t 163.0653)/(T/100K)
-(275.4782 * 82.3463) 1n(T/100K)
+(31.9656 * 10.3266) (T/L00K)
o = 0.0063
333.15 - 473.15 K
l1-Octadecanol
No equation, only two values.
2-Methyl-l-propanol
ln x, = (15.2839 * 1.1420)
-(20.2632 * 1.6281)/(T/100K)
-(8.4901 * 0.5451)1n(T/100K)
o = 0.0006
279.15 - 319.55 K
2-Methyl-1l-butanol
ln x; = (10.1079 % 1.7033)
-(13.1798 * 2.4235)/(T/100K)
-(5.8961 * 0.8149)1n(T/100K)
0 = 0.0009
277.85 -~ 318.35 K
3-Methyl-1l-butanol
No egquation, only two values.
2,5,5-Trimethyl~l-hexanol
ln x; = (13.2973 % 0.4197)
-(17.4507 * 0.5958)/(T/100K)
~(7.5306 £ 0.2012)1n(T/100K)

o = 0.0001
280.05 - 313.65 K
2-Propanol

ln z; = (11.5269 * 1.2174)
-{15.0957 * 1.7321)/(T/100K)
-(6.6035 * 0.5822)1n(T/100K)

o = 0.0005
280.55 - 316.45 K
2-Butanol
In z; = -(12.3518 * 7.7459)

+(17.7961 * 10.4797)/(T/100K)
+(13.9946 * 8.2996)1n(T/100K)
-(3.2378 £ 1.6256) (T/100K)
o = 0.0057
198.15 - 319.15 K
3-Pentanol
1n z, = (10.6744 t 1.3536)
-(13.9682 * 1.9251)/(T/100K)
~{(6.1562 * 0.6476) 1n(T/100K)

o = 0.0005
280.35 - 316.55 K
4~-Heptanol
In x, = (9.9919 * 0.5128)

-{12.9965 * 0.7326) /(T/100K)
-(5.8317 t 0.2443)1n(T/100K)

g = 0.0002
283.05 ~318.45 K
2-Octanol

No eguation, only a single value.
4-Methyl-2-pentanol
ln z; = (4.0718 * 0.6401)
-(4.2973 * 0.8340)/(T/100K)
-(3.0877 * 0.3305)1n(7/100K)
g = 0.0065
201.15 - 319.45 K
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COMPONENTS : EVALUATOR:
(1) Hydrogen Chloride; HCL; H. Lawrence Clever
[7647-01-01 Department of Chemistry
Emory University
(2) Alcohols Atlanta, GA 30322 USA
1984, March, revised 1987, February
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCI1; Lobry de Bruyn, C. A.
[7647-01-01
2. Phye. Chem. 1892, 10, 782 - 789,
(2) Methanol; CH,0; [67-56-1]
Reel. Trav. Chim. Pays-Bas 1892,
11, 112 - 157.
VARIABLES: PREPARED BY:
T/K = 273.15, 304.85 W. Gerrard
p = "barometric"
EXPERIMENTAL VALUES:
Temperature Parts HCl by Mol Ratio Mol Fraction
weight for 100
t/°¢C T/K parts of methanol ny/ng z,
0 273.15 105 0.922 0.480
31.7 304.85 75.1 0.659 0.397

The compiler calculated the mole ratio and mole fraction values.

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE :

The gas was passed into a weighed
amount of methanol in a bulb of 2 -
3 cm?® capacity until equilibrium was
reached at the observed temperature
and at a total pressure of about

760 - 770 mmHg (barometric). The
bulb was sealed "a la lampe," and
weighed. A titration was also
mentioned, but the statement is
vague.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Definite

information not given.
(2) Methanol. Simply stated that
pure alcohol was used.

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kohn, G.

[7647-01-0]

Ber., Dtschn. Chem. Geg. B. 1932

(2) Methanol 65, 589 - 595. B

or

Ethanol
VARIABLES: PREPARED BY:

T/K: 275.15 - 334.15
P/kPa: 101 W. Gerrard
(atmospheric)

EXPERIMENTAL VALUES:

T/K Alcohol Hydrogen Mol Ratio Mol Fraction
Chloride
wt/g wt/g “1/“2 %1

Methanol; CH,0; [67-56-1]

4
276.15 19.9 21.4 0.944 0.486
Ethanol; CZHGO; [64-~17-5]

277.15 20.6 16.8 1.029 0.507
288.15 31.7 24.5 0.975 0.494

The mole ratio and mole fraction values were calculated
by the compiler.

AUXILIARY INFORMATION

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

The hydrogen chloride was passed to (1) Hydrogen chloride. Prepared from
the alcohol in a measuring cylinder sodium chloride and sulfuric

in an ice-salt mixture. The acid, and dried by sulfuric acid.
temperature, "end temperature" was

recorded, and the absorbed gas was (2) Alcohols. Kahlbaum specimens.
weighed. The pressure was presumably

atmospheric.

ESTIMATED ERROR:

Swt/g = 0.1

REFERENCES :
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) Alcohols

ORIGINAL MEASUREMENTS:
Chesterman, D. R.

J. Chem. Soe. 1935, 906 - 910.

VARIABLES: PREPARED BY:
Total p/%ﬁz fgg'l?ml atm) W. Gerrard
EXPERIMENTAL VALUES:
T/K Observed Solubility Mol Fraction
Pressure g HCl g~! Solution xy
p/mmHg
Methanol; CH4O; {67-56-1]
298.15 750 0.44 0.41
Ethanol; C2H60; [64-17~5]
298.15 752 0.39 0.45
2-Propanol; C3H80; [67-63-0]
298.15 771 0.17 0.25

the compiler.

The mole fraction solubility values were calculated by

AUXTLIARY INFORMATION

METHOD 'APPARATUS /PROCEDURE:

The apparatus was that used for the
conductivity. A sample of the
saturated solution was removed,
weighed, the hydrogen chloride was
reacted with excess base which was
back titrated with a standard acid
solution.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared
from conc. sulfuric acid and
pure sodium chloride. Passed
through sulfuric acid and
over P205.

(2) Methanol. Was stated to be the
purest obtainable. Freed from
acetone, dried with sodium,
b.p./°C (759 mmHg) = 66.0.

Ethanol. Was stated to be the
purest obtainable. Dried with
calcium oxide, b.p./°C

(752 mmHg) = 77.7.

2-Propanol. Was stated to be
the purest obtainable. Dried
over calcium, b.p./°C

(745 mmilg) = 80.5.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Gerrard, W.; Macklen, E.D.
[7647-01-0]
J. Appl. Chem. 1956, 6, 241-244
(2) Alcohols
VARIABLES: PREPARED BY:
T/K: See below W. Gerrard
Total P/kPa 101.325 (1 atm)
EXPERIMENTAL VALUES:
T/K Mole ratio Mole* Smoothed**
nHCl/nalcohol fraction mole fraction
*HCl *Hcl
Methanol; CH4O; [67-56-1] 273.15 0.487
275.25 0.933 0.483
280.35 0.883 0.469
283.15 0.462
285.55 0.835 0.455
291.85 0.785 0.440
293.15 0.435
300.75 0.700 0.412
303.15 0.405
307.35 0.645 0.392
313.15 0.374
Smoothing equation: 1ln x = 21.183 - 28.125/(T/100) - 11.550 1n(T/100)
Standard error in XHel about the regression line = 1.27 x 1078
Ethanol; C2H6O; [64-17-5] 273.15 0.513
276.15 1.021 0.505
283.15 0.487
288.75 0.895 0.472
293.15 0.461
297.55 0.816 0.449
303.15 0.434
307.15 0.732 0.423
313.25 0.686 0.407
313.15 0.408
Smoothing equation: 1ln x = 11.631 - 14.943/(T/100) - 6.795 1n(T/100)

Standard error in XHC1 about th

* calculated by the compiler

e regression line = 2.46 x 107°

** gsmoothing equation and smoothed values were calculated by H.L. Clever

AUXILIARY

INFORMATION

METHOD/APPARATUS /PROCEDURE:

Hydrogen chloride was generated in
an all-glass apparatus.

The all-glass absroption vessel

(50 cm®) comprised an inlet bubbler
tube, an outlet tube, and the part
holding a weighed amount of liquid.
Each tube was fitted with a tap, and
either a B-19 cone, or a B-19 socket.
Entrained liquid was collected and
allowed for. Temperature control
was within 0.1 K. The amount of gas
absorbed was determined by weighing.

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen chloride: self-
prepared and dried.

(2) Alcohols: high grade samples
were distilled and attested.

ESTIMATED ERROR:

§T/K = %0.1
GxHCl/ch1 = t0.005 to 0.01
REFERENCES:




nts

98 Hydrogen Chloride in Non-Aqueous Solve
COMPONENTS: ORIGINAL MEASU
(1) Hydrogen chloride; HCl; Gerrard, W.; M

[7647-01-0]
J. Appl. Chenm.
(2) Alcohols

REMENTS:
acklen, E.D.

1956, 6, 241-244

H
* calculated by the comgg er
** gmoothing equation and smoothed values were calcu

EXPERIMENTAL VALUES: T/K Mole ratio Mole* Smoothed**
"HCl/"alcohol fraction mole fraction
*HCl *HCl
1-Propanol; C3H80; [71-23-8] 273.15 0.513
275.65 1.028 0.507
281.65 0.969 0.492
283.15 0.488
285.55 0.932 0.482
293,15 0.463
298.75 0.811 0.448
303.15 0.436
307.35 0.740 0.425
313.15 0.409
315.15 0.678 0.404
323.15 0.383
Smoothing equation: ln x = 12.983 - 16.900/(T/100) - 7.428 1In(T/100)
Standard error in Xnel about the regression line = 2.67 x 107"
2-Propanol; C3H80; [67-63-01] 273.15 0.529
280.55 1.056 0.514
283.15 0.508
289.75 0.970 0.492
293.15 0.484
300.45 0.877 0.467
303.15 0.460
306.45 0.824 0.452
313.15 0.435
316.45 0.744 0.427
323.15 0.409
Smoothing equation: 1ln x = 13.166 - 17.405/(T/100) - 7.395 1n(T/100)
Standard error in Xpel about the regression line = 6.64 x 107"
1-Butanol; C4H100; [71-36-3] 273.15 0.515
277.15 1.023 0.506
281.95 0.976 0.494
283.15 0.49
286.85 0.925 0.481
291.05 0.887 0.470
293.15 0.465
298.15 0.827 0.453
303.15 0.439
308.95 0.732 0.423
313.15 0.412
318.15 0.660 0.398
323.15 0.385
Smoothing equation: ln x .y = 13.723 - 17.945/(T/100) - 7.779 1n(T/100)
Standard error in xjq) about the regression line = 7.31 x 10°"
2-Butanol; C4H100; [78~92-2] 273.15 0.533
281.25 1.066 0.516
283,15 0.512
283.35 1.046 0.511
291.45 0.973 0.493
293.15 0.489
298.65 0.909 0.476
303.15 0.465
304.05 0.863 0.463
312.95 0.793 0.442
313.15 0.442
Smoothing equation: 1ln x c1 = 10.431 - 13.623/(T/100) - 6.043 1n(T/100)
Standard error in x about the regression line = 2.12 x 10~?

lated by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HCl;
[7647-01-0)

Gerrard, W.; Macklen, E.D.

J. Appl. Chem. 1956, 6, 241-244

(2) Alcohols

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
"HCl/nalcohol fraction mole fraction
*HC1 *HCl
2-Methyl-1-propanol; C4H1OO; 273.15 0.514
[78-83-1) 279.05 1.008 0.502
283.15 0.492
285.55 0.947 0.486
288.05 0.922 0.480
292,25 0.886 0.470
293.15 0.468
297.45 0.840 0.457
303.15 0.442
306.45 0.766 0.434
313.15 0.416
319.55 0.661 0.398
323.15 0.389
Smoothing equation: 1ln Xpe1 = 15.284 - 20.263/(T/100) - 8.490 1ln(T/100)
Standard error in XHC1 about the regression line = 5.92 x 107°
3-Pentanol; C5H1207 273.15 0.535
[584-02-1] 280.35 1.083 0.520
283.15 0.514
291.15 0.979 0.495
293.15 0.491
303.05 0.878 0.468
303.15 0.467
306.15 0.853 0.460
313.15 0.443
316.55 0.771 0.435
323.15 0.419
Smoothing equation: 1ln x = 10.674 - 13.968/(T/100) - 6.156 1ln(T/100)
Standard error in XHC1 about the regression line = 5.39 x 1073
2-Methyl-1-butanol; C5H120; 273.15 0.526
[137-32-6]) 277.85 1.068 0.516
283.15 0.505
284.95 1.004 0.501
291.55 0.948 0.487
293.15 0.482
296.85 0.899 0.473
303.15 0.459
303.55 0.844 0.458
312.95 0.77 0.435
313.15 0.436
318.35 0.736 0.424
323.15 0.412
Smoothing equation: 1ln x = 10,108 - 13.180/(T/100) - 5.896 1ln(T/100)
Standard error in Xyl about the regression line = 9.03 x 10~°

* calculated by the compiler

** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-01

J. Appl. Chem. 1956, 6, 241-244
(2) Alcohols

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/nalcohol fraction mole fraction
*Hel *Hel
4-Heptanol; C7H160; 283.05 1.054 0.513
[589-55-9]) 283.15 0.513
286.65 1.020 0.505
293.15 0.490
294.45 0.950 0.487
303.15 0.466
306.15 0.850 0.459
313.15 0.442
318.45 0.753 0.430
323.15 0.419

Smoothing equation: 1ln xy.) = 9.992 - 12.996/(T/100) - 5.832 1n(T/100)
Standard error in XHel about the regression line = 1.80 x 107"

1-Octanol; C8H1807 [111-87-5} 273.15 0.516
278.45 1.021 0.505
283.15 0.494
285,65 0.951 0.487
289.65 0.912 0.477
- 293.15 0.469
299.15 0.827 0.453
303.15 0.443
304.05 0.788 0.441
311.15 0.728 0.421
313.15 0.416
319.75 0.661 0.398
323.15 0.389

Smoothing equation: 1ln Xge1 = 14.392 - 18.962/(T/100) - 8.072 1n(T/100)
Standard error in x about the regression line = 6.23 x 107°

HC1

3,5,5-Trimethyl-1-hexanol; 273.15 0.517
anzoo; [3452-97-9]) 280.05 1.009 0.502

283.15 0.494

290.45 0.912 0.477

293.15 0.470

300.45 0.820 0.451

303.15 0.444

308.25 0.759 0.431

313.15 0.418

313.65 0.714 0.417

323.15 0.392
Smoothing equation: 1ln x = 13.297 - 17.451/(T/100) 7.531 1n(T/100)

Standard error in xggi about the regression line = 1.35 x 10~"

** calculated by the compiler

** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1;
[7647-01-0] Fritz, J. J.
(2) Methanol; CH,O; 167-56~1] J. Phys. Chem. 1956, 60, 1461.
Ethanol; C,HgO; [64-17-5]
VARIABLES: PREPARED BY:
T/K = 298,15 H. L. Clever
p,/Pa = 0.11, 62
EXPERIMENTAL VALUES:
Temperature Hydrogen Chloride Molality Mol Ratio Mol
Pressure Fraction
t/°C T/K p,/mmig p./atm m,/mol kg=! n,/n x
1 1 1 1772 1
Methanol
25 298.15 8x10™*  1l.1x10~° 0.56 0.0174 0.017¢
Ethanol
25 298.15 0.46 6.1x10""* 1.00 0.0461 0.0440
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The vapor pressure of HCl was
calculated from
ln f; = (F/RT)(E; - EB) No information.
where g is the voltage of the cell
Hy, Pt/HCl (alcohol) /AgCl, Ag,
and Ej is the standard potential of
the cell for unit fugacity.
The E values were taken from
Harned and Owen (ref 1), and the Eg ESTIMATED ERROR:
value was taken from Aston and
Gittler (ref 2). 8my/m, = * 0.10 (compiler)
The fugacity of HC1 in hypothetical
1 molal standard state at 298.15 K ~
is f%/mmHg 3.18 in methanol and 38.5 REFERENCES :
in ethanol. The vapor pressure of l. Harned, H. S.; Owen, B. B.

HCl is then
f1 = m3vif]

assuming f1 =p;.

"Physical Chemistry of Electrolyte
Solutions”, Reinhold Pub. Co.,

1950, p. 336.
2. Aston, J. G.; Gittler, F. L.
J. Am. Chem. Soe. 1955, 77, 3173.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Schmid, H.; Maschka, A.; Sofer, H.
[7647-01-0]

Monatshefte 1964, 95, 348 - 358.

(2) Methanol; CH,0; [67-56-1]

4

VARTABLES : PREP :
T/K = 298.15 ARED BY

pl/kPa = 5.19 - 11.159 W. Gerrard
(0.0389 - 83.7 mmHg)

METHOD/APPARATUS/PROCEDURE :

The solution of HCl in methanol was prepared freshly each day, because
of the slow conversion into chloromethane as reported by Carter and
Butler (1). The molality of the solution for use in the vapor pressure
measurements was determined by acid-alkali titration. Dry nitrogen was
passed through the solution of the stated molality at 298.15 K slowly
enough to give an effluent gas "saturated” with HCl and methanol. The
effluent gas was passed into the first of two U-tubes to absorb the HC1
in 0.5 N-NaOH, and most of the methanol, the increase in weight and a
potentiometric titration (AgNO3) giving the contents. The remaining

methanol and entrained water vapor was collected in the second U-tube
containing water-free magnesium chloride. The nitrogen was collected in
a gasometer. The partial pressures, P and p, were calculated by assuming

the validity of Dalton's law.

The authors used the data of Oiwa (ref 2) to establish that Henry's const-
ant in f; = ka, is 2.58 mmHg..

AUXILIARY INFORMATION

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

ESTIMATED ERROR:

REFERENCES ;

1. Carter, S. R.; Butler, J. A. V.
J. Chem. Soe. 1924, 125, 963,

2. Oiwa, I. T. J. Phys. Chem. 1956,
60, 754.
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COMPONENTS :

(1) Hydrogen chloride; HCl;

ORIGINAL MEASUREMENTS:

Schmid, H.; Maschka, A.; Sofer, H.

[7647-01-01
Monatshefte 1964, 95, 348 - 358.
(2) Methanol; CH40; [67-56-1]
EXPERIMENTAL VALUES:
T/K Partial Pressures Hydrogen Mol Ratio Mol Fraction
HCl CH30H Chloride
py/mmHg  p,/mmHg m, /mol kg~!? ny/ng z,
298.15 0.0417 124.6 0.375 0.0120 0.0119
0.0389 125.1 0.379
0.0417 125.1 0.416
0.0473 124.0 0.446
0.0531 123.2 0.478
0.0538 124.3 0.507
0.0705 126.6 0.580
0.0772 124.6 0.598
0.0932 122.6 0.67
0.110 119.8 0.73 0.0234 0.0228
0.154 123.2 0.825
0.141 122.7 0.85
0.152 122.0 0.885
0.201 121.0 0.975
0.194 120.3 c.98
0.231 120.3 1.04
0.310 119.6 1.28
0.386 119.3 1.43
0.365 119.1 1.45
0.492 116.6 1.67
0.516 115.6 1.84 0.0589 0.0556
0.671 113.2 2.06
0.961 111.8 2.45
0.903 110.7 2.46 0.0787 0.0730
1.27 107.8 2.85
1.49 105.4 3.23
2.21 102.7 3.67
2.34 101.2 4.12
3.63 97.2 4.6
4.01 94.4 4.85
5.32 91.7 5.45 0.174 0.149
5.77 90.4 5.6
7.94 90.8 6.05
8.63 84.7 6.45
8.61 87.5 6.6
9.37 79.2 6.8
10.2 79.6 6.9 0.221 0.181
12.4 82.9 7.25
14.8 78.5 7.75
15.2 77.2 7.85
17.4 77.5 8.25
17.8 73.4 8.3
19.1 70.4 8.4
23.1 69.1 8.9 0.285 0.222
26.4 70.9 9.15
24.7 68.6 9.15
33.4 66.1 9.55
33.8 68.0 9.55
34.8 65.1 9.9
36.1 65.6 10.1
45.8 55.1 10.5 0.336 0.251
47.6 60.9 10.55
54.5 55.4 11.15
58.9 51.3 11.45
65.4 51.2 11.7
83.7 44.9 12.4 0.397 0.284
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Lobry de Bruyn, C. A.
[7647-01-01]

2. Phye. Chem. 1892, 10, 782 - 789.
(2) Ethanol; C,HgO; [64-17-5]
Reel. Trav. Chim. Pays-Bas 1892,
11, 112 - 157.

VARIABLES: PREPA :
T/K 273.15, 305.15 RED BY

D "barometric" W. Gerrard

EXPERIMENTAL VALUES:

Temperature Parts HCl by Mol Ratio Mol Fraction
weight for 100
t/°% T/K parts of ethanol! n,/n, x4
0 273.15 83 1.047 0.512
32 305.15 61,6 0.777 0.437

! Equivalent to g of gas per 100 g of solvent.

The mole ratio and mole fraction values were calculated by
the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The gas was passed into a weighed (1) Hydrogen chloride. Definite
amount of ethanol in a bulb of 2 - 3 information not given.

cm?® capacity until equilibrium was
reached at the observed temperature (2) Ethanol. Simply stated that
and at a total pressure of about pure alcohol was used.

760 - 770 mmHg (barometric). The
bulb was sealed "a la lampe," and
welghed. A titration was also
mentioned, but the statement is

vague.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORLGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Jones, W. J.; Lapworth, A.;
[7647-01-0] Lingford, H. M.
(2) Ethanol; CoHgO; [64-17-5] J. Chem. Soe. 1913, 103, 252-263.
VARIABLES: .
T/K = 298.15 PREPARED BY:
pl/Pa = 14.4 - 625 H. L. Clever
(0.108 ~ 4.69 mmHg)

EXPERIMENTAL VALUES:

T/K Hydrogen Hydrogen Mole Ratio Mol Fraction
Chloride Chloride
Pressure Concentration

p ;/mmHg e,/mol dm—? ni/ng x;
298.15 0.108 0.275 0.0162 0.0159
0.417 0.751 0.0444 0.0425
0.811 1.168 0.0696 0.0651
2.63 2.390 0.1451 0.1267
4.69 3.188 0.1965 0.1642
[760. 10.45 0.82 0.451!

! calculated by the authors. The authors applied the Gibbs-
Duhem equation to obtain the equation

log (10 p;/mmHg) = 1.284 log X + 0.01106 X + 0.000115 x* - 0.256
where X is 100(n;/ng), from the experimental data.

The authors also reported hydrogen chloride vapor pressures

for ethanol + water mixtures up to 2.5 moles of water per dm?®.

The data for the aqueous ethanol solutions are not included in
this volume.

AUXILIARY INFORMATION

of known composition, and the third
contained water.

Hydrogen gas, prepared from

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen chloride. Source not

A solution of dry ethanol + given. Stated to be carefully
hydrogen chloride was prepared and dried.
placed in the middle of a three
bubbler train. (2) Ethanol. Commercial absolute

alcohol was distilled from

The first bubbler contained calcium turnin?s. The ethanol

pure ethanol, the second the solution density was p2°/g cm~3 = 0.78493.

zinc and dilute hydrochloric acid, ESTIMATED ERROR:
suitably purified and dried, was

passed through the system. The $T/K = t 0.05
volume of hydrogen gas was measured. §p7/mmHg = + 0.03
The HCl transferred from the alcohol 8xz/x7 = * 0.025 (Compiler)

solution to the water was titrated -
against standard barium hydroxide. REFERENCES :
The HC1l pressure over the

ethanol + hydrogen chloride solution
of known concentration was calculateg
from the hydrogen volume, amount of
hydrogen chloride, and the vapor
pressure of pure ethanol.
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COMPONENTS :

ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HCl; Kohn, G.

[7647-01-0]

Ber. Dtschn. Chem. Ges. B. 1932,

(2) l-Propanol 65, 589 - 595.

or

l1-Butanol
VARIABL!‘JS:,]_:/Kz 275.15 - 334.15 PREPARED BY:

P/kPa: 101 W. Gerrard
(atmospheric)

EXPERIMENTAL VALUES:

T/K Alcohol Hydrogen Mol Ratio Mol Fraction
Chloride n./n z
wt/g wt/g 1772 1
l-Propanol; C3H80; {71-23-8]
276.15 31.2 19.3 1.018 0.505
277.15 25.2 15.5 1.012 0.503
1-Butanol; C4H, 0 [71-36-3]
278.15 30.2 14.3 0.961 0.490
279.15 30.0 15.6 1.056 0.513
279.15 30.9 16.1 1.058 0.514

compiler.

The mole ratio and. mole fraction values were calculated by the

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The hydrogen chloride was passed to
the alcohol in a measuring cylinder
in an ice-salt mixture. The
temperature, "end temperature', was
recorded, and the absorbed gas was
weighed. The pressure was presumably
atmospheric.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
sodium chloride and sulfuric
acid, and dried by sulfuric acid.

(2) Alcohols. Kahlbaum specimens.

ESTIMATED ERROR:

Swt/g = 0.1

REFERENCES ;




Hydrogen Chloride in Non-Aqueous Solvents 107

COMPONENTS : ORIGINAL MEASUREMENTS:

1. Hydrogen Chloride; HC1; Cook, T. M.
[7647-01~0]

Thesis, 1966

2. l-Propanol; C3H80; [71-23-8]} University of London
VARIABLES : PREPARED BY:

T/K: 267.65 - 304.15
Total P/kPa: 101.325 (1 atm) W. Gerrard

(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

T/K Mol Ratio Mol Fraction
"HC1/"C4HgO Xne1
8

267.65 1.110 0.526
273.15 1.052 0.513
281.65 0.971 0.493
288.55 0.901 0.474
304.15 0.767 0.434

The mole fraction values were calculated by the compiler.

Smoothed Data: 1ln X = 11.672 - 15.066/(T/100) - 6.790 1n (T/100)

4

HCl
Standard Error About Regression Line = 7.11 x 10~

T/K Mol Fraction
X

HC1
263.15 0.536
273.15 0.513
283.15 0.489
293.15 0.463
303.15 0.434
313.15 0.411

AUXILIARY INFORMATION

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

1. Hydrogen chloride. Sample of best
quality was self prepared, and was
passed through concentrated sul-
furic acid and calcium chloride.

2. l-Propanol. Purified and attestedd

The data were cited by Gerrard (1).

Hydrogen chloride was passed into a
bubbler tube containing a weighed
amount of solvent at the specified
temperature until the increase in
weight was constant at the
barometric pressure (2).

For temperatures below 273 K a

weighed amount (excess) of pyridine
was quantitatively injected into the
abgsorption vessel at the temperature |ESTIMATED ERROR:
of the thermostat. The tube was
then weighed at room temperature. le/xl = 0.005

REFERENCES : ,

l. Gerrard, W. .
J. Chim. Phye. 1964, 61, 73;
Solubility of Gasee in Liquidas,
Plenum Press, New York, 1976.

2. Ahmed, W.; Gerrarxd, W.;
Maladkar, V. K. J. Appl. Chem.
1970, 20, 109.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Mincer, A. M. A.;
{7647-01-0] Wyvill, P. L.
(2) Alkanols J. Appl. Chem. 1959, 9, 89-93.
VARIABLES: PREPARED BY:
T/K: See below W. Gerrard

Total P/kPa : 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/nalkanol fraction mole fraction
HC1 *Hel
1-Butanol; C4H, 007 [71-36-3] 193.15 0.812
195.15 4.127 0.805
203.15 0.769
213.15 0.728
223.15 2.176 0.685 0.688
233.15 0.650
243.15 1.593 0.614 0.613
253.15 0.579
263.15 0.546
273.15 1.065 0.516 0.516
283,15 0.487
293.15 0.460
303.15 0.435
304.15 0.740 0.436
b 313.15 0.412
318.15 0.660 0.398
323.15 0.390

Smoothing equation: 1ln x

Standard error in XHel

* calculated by the compiler

= 3.548 - 3.592/(T/100)
about the regression line =

- 2.881 1n(T/100)
3.04 x 1073

** smoothing equation and smoothed values were calculated by H.L. Clever

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The liquid component was weighed in
a bubbler tube. The amount of gas
absorbed was determined by
reweighing to constant weight. The
total pressure was barometric, very
nearly 1 atm (101.325 kPa).

For determination at temperatures
below 273 K, a chemical titration
was carried out. After the maximum
absorption at the stated temperature,
the bubbler was attached to a flask
containing one dm® of water, and
allowed to warm slowly to room
temperature (12 hours). The
contents of the bubbler tube were
then added to the water, and the
total chloride ion was determined by
the Volhard method. A low
temperature, Teddington-type YM
thermostat was used for temperatures
below 273 K, the control being to

+2 K,

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen chloride: good
specimen from a commercial
cylinder was dried.

Alkanols : carefully purified,
and purity rigourously attested.

(2)

ESTIMATED ERROR:

ST/K = 22 below 273 K
GXHCl/XHCl = $0.005 to 0.015
REFERENCES:
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HCl; Gerrard, W.; Mincer, A. M. A.;
[7647-01-0) Wyvill, P. L.

(2) Alkanols J. Appl. Chem. 1959, 9, 89-93.

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/nalkanol fraction mole fraction
HC1 *Hel

2-Butanol; C4H1OO; [78-92-2] 193.15 0.824

198.15 4.124 0.805

203.15 0.779

213.15 2.719 0.731 0.736

223.15 2.273 0.694 0.696

233.15 0.659

243.15 1.660 0.624 0.624

253,15 0.592

263.15 0.562

273.15 1.148 0.534 0.534

283.15 0.508

293.15 0.955 0.488 0.484

303.15 0.461

313.15 0.440

319.15 0.738 0.425

323.15 0.420
Smoothing equation: 1n Xpey = 2.062 - 1.776/(T/100) - 2.029 1n(T/100)

Standard error in el about the regression line = 4,10 x 10-%

1-Pentanol; C5H120; [71-41-0] 193.15 0.798

201.15 3.424 0.774

203.15 0.765

213.15 0.730

223.15 0.694

231.15 1.985 0.665

233.15 0.658

243.15 0.622

245.65 1.545 0.607

253,15 0.588

253.65 1.397 0.583

263.15 0.554

273.15 0.522

275.15 1.091 0.522

283.15 0.492

293,15 0.463

294.15 0.867 0.464

298.05 0.816 0.449

300.15 0.803 0.445

303.15 0.436

305.55 0.761 0.432

306.55 0.742 0.426

310.25 0.716 0.417

313.15 0.410

314.05 0.695 0.410

319.05 0.641 0.391

323.15 0.386

Smoothing equation: 1ln x 1= 5.154 ~ 5.677/(T/100) - 3.707 1n(T/100)
Standard error in Xuel about the regression line = 3.72 x 107°

* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS ¢

(1) Hydrogen chloride; HCl;
{7647-01-0]

(2) Alkanols

ORIGINAL MEASUREMENTS:

Gerrard, W.; Mincer, A. M., A.;
Wyvill, P. L.

J. Appl. Chem. 1959, 9, 89-93.

EXPERIMENTAL VALUES:

Standard error in X4el about the

* calculated by the compiler

T/K Mole ratio Mole¥* Smoothed**
"HCl/nalkanol fraction mole fraction
HC1 *Hel
4-Methyl-2-pentanol; C6H140; 201.15 4.232 0.809
[108-11-2]) 203.15 0.791
210.65 3.060 0.754
213.15 0.756
223.15 2.486 0.713 0.719
233.15 0.683
243,15 0.648
244.15 1.852 0.649
253.15 1.576 0.612 0.614
263.15 0.581
273.15 1.249 0.555 0.549
283.15 0.519
293.15 0.491
294.15 0.955 0.488
303.15 0.464
305.65 0.826 0.452
311.15 0.802 0.445
. 313.15 0.438
Smoothing equation: 1ln Xuel = 4,584 - 4.964/(T/100) - 3.350 1n(T/100)
Standard error in *ue1 about the regression line = 7.66 x 1072
1-Octanol; C8H180; [111-87-5] 193.15 0.821
196.15 4.184 0.807
203.15 0.774
213.15 2.681 0.728 0.729
223.15 0.687
229.15 1.972 0.664
233.15 0.648
243.15 0.612
253.15 0.577
263.15 0.545
273.15 0.516
283.15 0.488
293.15 0.462
303.15 0.438
310.15 0.731 0.422
313.15 0.416
Smoothing equation: 1ln Xy = 2.682 - 2.476/(T/100) - 2.426 1n(T/100)

regression line 1.35 x 1073

** gsmoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) 1-Butanol; C,H;,0; [71-36-3]

ORIGINAL MEASUREMENTS:

Gerrard, W.; Mincer, A. M. A.:;
Wyvill, P, L.

J. Appl. Chem. 1960, 10, 115 - 121.

EXPERIMENTAL VALUES:

Variation of temperature and pres-
sure at constant mole fraction.

Variation of temperature and pres-
sure at constant mole fraction (cont.)

T/K Pressure Mol Fraction
pl/mmHg zy

273.65 174 0.405
279.75 230
284.35 263
287.95 307
293.15 371
298.55 448
303.65 531
308.15 617
312.15 687
315.95 754
319.15 821
322,95 884
326.85 973

273.15 321 0.451
277.35 366
283.05 453
286.55 504
290.55 575
291.95 608
295.15 673
300.75 805
306.15 945
309.15 1031
311.65 1124
315.35 1249

272.15 309 0.454
279.75 408
283.55 466
290.35 593
293.35 652
298.55 779
305.65 972
310.95 1116

257.15 261 0.480
259.15 281
262.75 305
267.45 368
273.15 456
277.35 533
278.25 555
285.15 708
290.15 841
293.35 928
297.95 1079
299.15 1115
303.75 1281

T/K Pressure Mol Fraction

pl/mmHg z,
235.15 170 0.512
240.65 211
246.85 252
254,65 338
261.45 438
266.95 542
267.45 546
273.15 709
277.15 847
281.05 962

282.55 1008
284.75 1077
286.55 1131
288.15 1182

Variation of pressure and mole
fraction at constant temperature.

T/K Pressure Mol Fraction

p, /mmig zq
273.15 171 0.405
321 0.451
321 0.454
456 0.480
710 0.512
760 0.516
278.15 212 0.405
377 0.451
387 0.454
552 0.480
760 0.503
877 0.512
283.15 257 0.405
451 0.451
461 0.454
659 0.480
760 0.491
1023 0.512
288.15 309 0.405
531 0.451
548 0.454
759 0.478
783 0.480
1183 0.512

See next page for additional
information.
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) 1l-Butanol; CyH;q40;
{71-36~3] L

ORIGINAL MEASUREMENTS:

Gerrard, W.; Mincer, A. M. A.;
Wyvill, P. L.

J. Appl. Chem. 1960, 10, 115 - 121.

VARTABLES : 235.15 - 326.85

22.66 - 170.79
(170 - 1281 mmHg)

T/K:
pj/kPa:

PREPARED BY:
W. Gerrard

EXPERIMENTAL VALUES:

See preceding page.

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

To measure the total pressure, taken
to be p;, a weighed amount of 1l-but-

a capillary bubbler tube through
which the gas was passed into the
liquid at approximately room temper-
ature. By suitable adjustments of
taps the flask was attached to the
tapped end of a U~-tube manometer
containing mercury, the other limb
being open to the atmosphere; the
pressure, p,, was measured to within
1 mmHg for tﬁe

at each recorded temperature.

T/K the value
and

From a plot of p, vs.
of T/K for p atm was read:;
the separateiy determined mole
fraction for that T/K (1) was taken
to be the x; value for the series,

as on the preceding page. From the
set of p; vsa. T/K curves, data given
in the second table above were
obtained.

anol was put into a flask fitted with

condition of equilibriu

Data for the five series were reporteq 1. Gerrard, W.; Mincer, A. M.

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen chloride. The sample
was a good specimen obtained
from a cylinder, and dried.

1-Butanol. The sample was
purified by a standard
technique, and the purity was
rigorously attested.

(2)

ESTIMATED ERROR:
épy/mmHg = * 1

REFERENCES :

A.;
Wyvill, P. L.
J. Appl. Chem. 1959, 9, 89.
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COMPONENTS : ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HC1; .
[7647-01-0] Ionin, M. V.; Kurina, N. V.;

Sudoplatova, A. E.
(2) l-Butanol; C4Hpg0O; [71~36-3]

1-Pentanol; CgHqy0; [71-41-0] Tr. po Khim. i Khim. Tekhnol. 1963,

l1-Hexanol; CgHy40; [111-27-3] (1), 47 - 48.
VARIABLES: PREPARED BY:
T/K: 298.15
Total p/kPa: 101.3 (atmospheric) W. Gerrard

EXPERIMENTAL VALUES:

T/K Refractive Solution Concentration Mol Ratio Mol Fraction

Index! Density
np®® p/g cm~* c1/mol dm~? ny/nj3 x]
1-Butanol

298.15 1.3992 0.93130 7.38 0.823 0.451

1-Pentanol

298.15 1.4098 0.90946 6.37 0.829 0.453
l-Hexanol
298.15 1.4179 0.90466 5.54 0.805 0.446

The mole ratio and mole fraction values were calculated by the
compiler.

! pure solvent refractive index.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE SOURCE AND PURITY OF MATERIALS:

The gas was absorbed at a pressure
which was not stated, and was
probably barometric. The density of
the solution was determined by a
pyknometer. The hydrogen chloride (2) l-Alkanols. Source not given.
absorbed was determined by an Dried by calcium hydride.
alkali titration.

(1) Hydrogen chloride. Prepared from
sodium chloride and sulfuric
acid. Dried by calcium chloride.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Fernandes, J. B.
[7647~01-0]
J. Chem. Eng. Data 1972, 17,
(2) 1-Butanol; C4H;40; [71-36-3] 377 - 379.
VARIABLES: T/K = 315.15 PREPARED BY:
py/kPa = 101.325 (1 atm) H. L. Clever
EXPERIMENTAL VALUES:
Temperature Mol Ratio Mol Fraction
t/°c T/K ny/ng z;
42 315.15 0.66 0.40

the compiler.

The mole fraction value was calculated by

METHOD /APPARATUS /PROCEDURE :

AUXILIARY INFORMATION

The value above was credited to
unpublished work of J. B. Fernandes
and M. M. Sharma, University of
Bombay, 1966. It is assumed the
method was a chemical titration.

SOURCE AND PURITY OF MATERIALS:

No information.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kohn, G.
7647-01-~0
Ber. Dtgchn. Chem. Ges. B. 1932,
(2) l-Pentanol 65, 589 - 595.
or
3~Methyl-l-butanol
VARIABLES: .
T/K: 275.15 - 334.15 PREPARED BY:
P/kPa: 101 W. Gerrard
(atmospheric)

EXPERIMENTAL VALUES:

T/K Alcohol Hydrogen
Chloride
wt/g wt/g

Mol Ratio Mol Fraction

nl/n2 xq

l-Pentanol or l-amyl alcohol; CgHj,0;

[71-41-0]
275.15 55.0 22.9
278.15 50.0 19.9
318.15 55.0! 21.5
308.15 23.52 9.5
308.15 23.6° 7.6
323.15 23.6° 6.5
334.15 23.6° 5.6

3-Methyl-1l-butanol or

C5H120; {123~51-31]

13.85
17.3

278.15 31.6

40.3

1.005 0.501
0.961 0.490
0.944 0.485
0.976 0.494
0.777 0.437
0.665 0.399
0.573 0.364

isoamyl alcohol;

1.058
1.036

0.514
0.509

! presumably 55.0 from position in original table.

2 pescribed as a liquid mixture with paraffin.
3 The three values described as "one experiment”.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The hydrogen chloride was passed to
the alcohol in a measuring cylinder
in an ice-salt mixture. The temp-
erature, "end temperature', was
recorded, and the absorbed gas was
weighed. The pressure was presumably
atmospheric.

The mole ratio and mole fraction
values were calculated by the
compiler.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
sodium chloride and sulfuric
acid, and dried by sulfuric acid.

(2) Alcohols. Kahlbaum specimens.
The 3-methyl-l-butanol was stated
to be free from pyridine.

ESTIMATED ERROR:

swt/g = 0.1

REFERENCES :
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-01
J. Appl. Chem. 1959, 9, 85-88.
(2) Alkanols
VARIABLES: PREPARED BY:
T/K: See below W. Gerrard

Total P/kPa : 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
"HCl/nalcohol fraction mole fraction
HC1 *HCl
1-Pentanol; C5H120; 273.15 0.516
[71-41-0] 276.25 1.038 0.509
283.15 0.492
285.55 0.947 0.486
293.15 0.467
294,15 0.867 0.464
302.15 0.795 0.443
303.15 0.440
306.05 0.762 0.432
313.15 0.413
313.45 0.701 0.412
Smoothing eguation: 1ln x 1 0= 14.160 - 18.568/(T/100) - 7.985 1n(T/100)
Standard error in chl.about the regression line = 2.68 x 10™*
1-Hexanol; CgHy 40: 279.85 1.004 0.501
[111-27-3]) 283,15 0.493
290.25 0.904 0.475
293.15 0.468
295,85 0.852 0.460
303.15 0.441
308.55 0.742 0.426
313.15 0.413
318.75 0.663 0.399
323.15 0.385
333.15 0.358
337.35 0.530 0.346
Smoothing equation: 1ln Xpey = 16.882 - 22.445/(T/100) - 9.284 1n(T/100)
Standard error regression line = 9.78 x 10~*

in Xuel about the

* calculated by the compiler

** smoothing equation and smoothed values were calculated by H.L. Clever

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The apparatus and procedure were
those described by Gerrard and
Macklen (1). The hydrogen chloride
was generated in an all glass
apparatus. The absorption vessel,
previously weighed, was fitted with
a stoppered bubbler tube, and a
stoppered outlet tube. Entrained
liquid was condensed at 273.15 K,
and allowed for. The amount of gas
absorbed by a known weight of liquid
was determined by weighing.

SOURCE AND PURITY OF MATERIALS:
(1) Hydrogen chloride: self-
prepared and dried.

(2) Alcohols: purified, distilled,
and attested by physical
constants.

ESTIMATED ERROR:

éxﬂcl/xHcl = 20.005 to 0.01

REFERENCES:

1. Gerrard, W.; Macklen, E.D.
J. Appl. Chem. 1956, 6, 241.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-0]

J. Appl. Chem. 1959, 9, 85-88.
(2) Alkanols

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nuc1/Malconol fraction mole fraction
*uecl *ucl

4-Methyl-2-pentanol; C6H140; 273.15 0.535
[108-11-2] 274.75 1.136 0.532

283.15 0.513

287.05 1.014 0.503

293.15 0.489

294.25 0.950 0.487

300.35 0.893 0.472

303.15 0.465

307.45 0.832 0.454

313.15 0.440

319.45 0.736 0.424

323.15 0.415
Smoocthing equation: 1ln Xue1 = 11.406 - 14.915/(T/100) - 6.539 1n(T/100)

Standard error in Xuel about the regression line = 6.14 x 107"

1-Heptanol; C7H160; 279.85 1.008 0.502
[111-70-6] 283.15 0.494
292.45 0.887 0.470
293.15 0.469
295.85 0.855 0.461
303.15 0.442
308.55 0.745 0.427
313.15 0.415
318.75 0.666 0.400
323.15 0.387
333.15 0.360
337.35 0.534 0.348
343.15 0.333
Smoothing equation: 1ln x = 15.968 - 21.150/(T/100) - 8.843 1n(T/100)

Standard error in xy.j about the regression line = 8.16 x 107"

};D;canol; C10H220; g?B.;S 24 0.518 0.519
12-30-1] 73.85 1.0 .51
283.15 0.496
283.95 0.972 0.493
290.25 0.914 0.478
293.15 0.470
303.15 0.444
303.45 0.796 0.443
312.55 0.723 0.420
313.15 0.417
323.15 0.391
325.55 0.623 0.384
333.15 0.365

Smoothing equation: 1n Xpel = 13.794 - 18.096/(T/100) - 7.787 1n(T/100)
Standard error in Xuel about the regression line = 8.37 x 10™*

* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever

_
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Fernandes, J. B.
[{7647-01-0]}
J. Chem. Eng. Data 1972, 17,
(2) l-Hexanol; C6H140; {111-27-3] 377-379.
VARIABLES: PREPARED BY:
T/K: 353.15 - 393.15 H. L. Clever

pl/kPa: 101.325 (1 atm)

EXPERIMENTAL VALUES:
Temperature Mol Ratio! Mol Fraction

t/°C T/K ”1/"2 x,

80 353.15 0.434 0.303
100 373.15 0.320 0.242
120 393.15 0.236 0.191

! vapor pressure correction applied.
The mole fraction solubility values were calculated by the compiler.
Smoothed Data: For use between 353.15 and 393.15 K.

1n x, = -5.7174 + 15.9947/(7/100 K)

The standard error about the regression line is 3.63 x 107%.

T/K Mol Fraction
- x]

353.15 0.305
363.15 0.269
373.15 0.239
383.15 0.214
393.15 0.192

AUXILIARY INFORMATION

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

The data above were credited to No information.
unpublished work of J. B. Fernandes
and M. M. Sharma, University of
Bombay, 1966. It is assumed the
method is the same as for the

HBr + l-hexanol system. See that
data sheet for details.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Ionin, M. V.; Kurina, N. V.;
[7647-01-0} Sudoplatova, A. E.
(2) l-Heptanol; C7H;60; ([111-70-6]
l1-Octanol; CgH180; [l11-87-5] Tr., po XKhim. i1 Khim. Tekhnol. 1963,
1-Nonanol; CgHpgO; [143-08-8] (1), 47 - 48.
l-Decanol; CjgH320; [112-30~1]
VARIABLES: PREPARED BY:
T/K: 298.15
p/kPa: 101.3 (atmospheric) W. Gerrard
EXPERIMENTAL VALUES:
T/K Refractive Solution Concentration Mol Ratio Mol Fraction
I2§$§ Density cl/mol am=* nl/n2 -2
D p/g cm~®
l-Heptanol
298.15 1.4241 0.89480 5.14 0.844 0.458
1-Octanol
298.15 1.4293 0.89250 4.62 0.831 0.454
1-Nonanol
298.15 1.4337 0.88760 4.16 0.815 0.449
l-Decanol
298.15 1.4373 0.88244 3.83 0.816 0.449

The mole ratio and mole fraction values were calculated by the compiler.

1

Pure solvent refractive index.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The gas was absorbed at a pressure
which was not stated, and was
probably barometric. The density of
the solution was determined by a
pyknometer. The hydrogen chloride
absorbed was determined by an

alkali titration.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared
from sodium chloride and
sulfuric acid. Dried by
calcium chloride.

(2) l-Alkanols. Source not given.

Dried by calcium hydride.

ESTIMATED ERROR:

REFERENCES ;
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen chloride; HCl: Ahmed, W.; Gerrard, W.;
[7647-01~0] Maladkar, V. K.
2. l-Octanol; C8H180; {111-87~5] J. Appl. Chem. 1970, 20, 109 - 115.
VARIABLES: PREPARED BY:
T/K: 243.15 -~ 293.15
Total P/kPa: 101.325 (1 atm) W. Gerrard
(smoothed data calculated by H.L., Clever)
EXPERIMENTAL VALUES: .
T/K Mol Ratilo Mol Fraction
n n X
HCl/ CBHlBO HC1l
243.15 1.447 0.591
253.15 1.273 0.560
263.15 1.1l46 0.534
273.15 1.024 0.506
283.15 0.890 0.471
293.15 0.810 0.448

The mole fraction solubilities were ca
compiler.

Smoothed Data: 1n

7.562 - 9.084/

*

Standard erior about r

lculated from the mole ratio by the

(T/100K) - 4.901 1ln(T/100K)

3

egression line 2.81 x 10~

T/K Mol Fraction

Xhc1
243.15 0.589
253.15 0.561
263.15 0.532
273.15 0.502
283.15 0.474
293.15 0.446

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was passed into a
known weight of liquid in a bubbler
tube at a total pressure measured by
a manometer assembly. The absorbed
gas was weighed by re-weighing the
bubbler tube. The temperature was
manually controlled to within 0.2 K.
The procedure and apparatus are
described by Gerrard (1,2).

For temperatures below 268 K, a chem~
ical titration was performed.

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen chloride. Obtained from
a cylinder containing a good com-
mercial specimen. Was dried by
passage through concentrated
sulfuric acid.

1-Octanol. Best obtainable
specimen was suitably purified,
dried, and fractionally dis-
tilled, and attested.

ESTIMATED ERROR:
8T
§X/X

REFERENCES :

1. Gerrard, W.
J. Appl. Chem. Biotechnol. 1972,
22, 623 - 650.

Gerrard, W.
"Solubility of Gases and Liquids"
Plenum Press, New York, 1976
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:

(1) Hydrogen chloride; HC1; Fernandes, J. B.

[7647-01-0]
J. Chem. Eng. Data 1972, 17,
(2) 1-Octanol; CBHlao; {111-87-5] 377-379.

VARIABLES: PREPARED BY:
T/K: 353.15 - 413.15

p,/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES:

Temperature Mol Ratio! Mol Fraction

t/°C 7/K "1/”2 x,
30 303.15 0.7922 0.442
40 313.15 0.7162 0.417
80  353.15 0.389 0.280
100 373.15 0.26 0.206
120  393.15 0.129 0.114
140 413.15 0.0785 0.0728

! Vapor pressure correction applied.
2 Interpolated from values in ref. (1).
The mole fraction solubility values were calculated by the compiler.
Smoothed Data: For use between 353.15 and 413.15 K.
1n z, = 95.0476 - 138.7062/(7r/100 K) - 45.1964 1n (7/100 K)
The standard error about the regression line is 1.50 x 1072.
T/K Mol Fraction

*q

353.15 0.285
363.15 0.238
373.15 0.194
383.15 0.155
393.15 0.121
403.15 0.094
413.15 0.071

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The data above were credited to No information.
unpublished work of J. B. Fernandes
and M. M. Sharma, University of
Bombay, 1966. It is assumed the
method is the same as for the

HBr + l-octanol system. See that
data sheet for details.

ESTIMATED ERROR:

REFERENCES :

1. Gerrard, W.; Mincer, A. M. A.;
Wyvill, P. L.
J. Appl. Chem. 1959, 9, 89.




122 Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Kohn, G.
[7647-01-0]
Ber. Dtschn. Chem. Ges. B. 1932,
(2) 2-Octanol or s—-octyl alcohol; 65, 589 - 595,
CgqHq190; [123-96-61
8*18
VARIABLES: PREPARED BY:
T/K: 275,15 - 334.15
P/kPa: 101 W. Gerrard
(atmospheric)
EXPERIMENTAL VALUES:
T/K Alcohol Hydrogen Mol Ratio Mol Fraction
Chloride n./n z
wt/g wt/g 1772 1
2~-Octanol or g-octyl alcohol; CSHIBO; {123-96-61]
279.15 25.15 7.8 1.107 0.525

by the compiler.

The mole ratio and mole fraction values were calculated

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The hydrogen chloride was passed to
the alcohol in a measuring cylinder
in an ice-salt mixture. The

temperature, "end temperature", was
recorded, and the absorbed gas was
weighed.
atmospheric.

The pressure was presumably

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
sodium chloride and sulfuric
acid, and dried by sulfuric acid.
Kahlbaum specimens.

(2) Alcohols.

ESTIMATED ERROR:

Swt/g = 0.1

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCIl; Fernandes, J. B.
[7647-01-0]
J. Chem. Eng. Data 1972, 17,
(2) l-pecanol; C,,H,,0; [112-30-1]) 377-379.
10722
VARIABLES: PREPARED BY:

T/K: 353.15 - 413.15

p,/kPa: 101.325 (1 atm) H. L. Clever

EXPERIMENTAL VALUES: - 1 N
Temperature Mol Ratio Mol Fraction

-]

t/°C T/K nl/nz z,

30 303.15 0.800% 0.444
40 313.15 0.7122 0.416
60 333.15 0.5672 0.362
80 353.15 0.385 0.278
100 373.15 0.232 0.188
120 393.15 0.109 0.098
140  413.15 0.0655 0.0615

! vapor pressure correction applied.

2 Interpolated from values in ref. (1).
The mole fraction solubility values were calculated by the compiler.
Smoothed Data: For use between 333.15 and 413.15 K.
ln z, = 103.1643 - 150.3336/(7/100 K) - 49.0594 1n (T7/100 K)

1
The standard error about the regression line is 1.18 x 10~2.

T/K Mol Fraction T/K Mol Fraction
x x
1 1
333.15 0.368 383.15 0.139
343.15 0.321 393.15 0.107
353.15 0.271 403.15 0.080
363.15 0.223 413.15 0.060

373.15 0.178

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The data above were credited to No information.
unpublished work of J. B. Fernandes
and M. M. Sharma, University of
Bombay, 1966. It is assumed the
method is the same as for the

HBr + l-decanol system. See that
data sheet for the details.

ESTIMATED ERROR:

REFERENCES:

l. Gerrard, W.; Mincer, A. M. A.;
Wyvill, P. L.
J. Appl. Chem. 1959, 9, 89.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Fernandes, J. B.; Sharma, M. M.

{7647-01-0)

(2) l-bDodecanol; C,,H,.O;
{112-53-8] 12726

Indian Chem. Eng. 1965, 7, 38 - 40.

VARIABLES:
T/K:
HCl P/kPa:

303.15 - 453.15
101.325 (760 mmHg)

PREPARED BY:
w.
(smoothed data calculated by H.L. Clever)

Gerrard

EXPERIMENTAL VALUES:

T/K Mol Ratio Mol Fraction
nl/n2 xy
303.15 0.724 0.420
313.15 0.634 0.388
333.15 0.472 0.321
353.15 0.3234 0.244
373.15 0.1862 0.157
393.15 0.0921 0.0843
413.15 0.0460 0.0440
433.15 0.0296 0.0287
453.15 0.01728!} 0.0147}

Smoothed Data:

Standard error about

! Material turned brown.
In zy = 89.891 - 129,

002/(T/100K) - 43.463 1ln (T/100K)

the regression line = 9.30 x 10_3

T/K Mol Fraction
T1
303.15 0.421
313.15 0.400
333.15 0.321
353.15 0.229
373.15 0.148
393.15 0.0886
413.15 0.0502
433.15 0.0272
453.15 0.0142

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE ¢

Hydrogen chloride was bubbled into
the solvent for more than an hour.
Approximately 1 cm® of the solution
was transferred to a weighed sample
tube and the whole re-weighed. The
contents were transferred to water,
and the chloride content determined
by the Volhard method.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Self prepared
by the method of Sloan (1).

(2) l-Dodecanol. Dehydag Deutsche

Hydrierwerke GMBH. Minimum

purity 95 per cent (usually 98+

per cent). Used as received.

ESTIMATED ERROR:

§T/K = 0.2
le/xl = 0.05
REFERENCES:
1. Sloan, A. D. B.

Chem. Ind. 1964, 574,




Hydrogen Chloride in Non-Aqueous Solvents

125

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Fernandes, J. B.; Sharma, M. M.
[7647-01-0]
Indian Chem. Eng. 1965, 7, 38 - 40.
(2) l-Tetradecanol; C14H300;
[112~72-1]
1-Octadecanol; C,,H,,0;
[112-92-5] 18738
VARIABLES: PREPARED BY:
T/K: 333.15, 433.15 W. G a
HCl P/kPa: 101.325 (760 mmHg) - Gerrar
EXPERIMENTAL VALUES:
T/K Mol Ratio Mol Fraction
nl/n2 Ty
l-Tetradecanol
333.15 0.462 0.313
433.15 0.0211 0.0207
1-Octadecanol
333.15 0.448 0.309
433.15 0.0178 0.0175

The compiler calculated the mole
fraction solubility values.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was bubbled into

the solvent for more than an hour.

Approximately 1 cm® of the solution
was transferred to a weighed sample
tube and the whole re-weighed. The
contents were transferred to water,
and the chloride content determined
by the Volhard method.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Self prepared
by the method of Sloan (1).

(2) 1l-Tetradecanol and 1l~Octadecanol.

Both alcohols supplied by Dehydag

Deutsch Hydrierwerke GMBH.

Minimum purity 95 per cent

(usually 98+ per cent). Used

as received.

ESTIMATED ERROR:

§T/K = 0.2
le/xl = 0.05
REFERENCES :
l. Sloan, A. D. B.

Chem. Ind. 1964, 574.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Fernandes, J. B.; Sharma, M. M.
[7647-01-0]

Indian Chem, Eng., 1965, 7, 38 - 40.
(2) l-Hexadecanol; C16H340;
[36653-82-4]

VARIABLES: PREPARED BY:
T/K: 333.15 - 473.15
HCl P/kPa: 101.325 (760 mmHg) W. Gerrard

(smoothed data calculated by H.L, Clever)

EXPERIMENTAL VALUES:

T/K Mol Ratic Mol Fraction

ny/n, !
333.15 0.462 0.316
343.15 0.358 0.264
353.15 0.2445 0.196
373.15 0.1491 0.130
393.15 0.0727 0.0678
413.15 0.0391 0.0376
433.15 0.0227 0.0222
453.15 0.0141? 0.0139

473.15 0.008761 0.00868
The material turned brown.
Smoothed Data: 1n z; = 35.863 - 40.148/(T/100K)~ 20.670 ln (T/100K)

1

Standard error about the regression line = 9.67 x 1073
T/K Mol Fraction
X
1

333.15 0.346

353.15 0.205

373.15 0.121

393.15 0.0709

413.15 0.0417

433.15 0.0246

453,15 0.0145

473.15 0.00867

AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Hydrogen chloride was bubbled into (1) Hydrogen chloride. Self prepared
the solvent for more than an hour. by the method of Sloan (1l).
Approximately 1 cm® of the solution
was transferred to a weighed sample (2) l-Hexadecanol. Dehydag Deutsche
tube and the whole re~weighed. The Hydrierwerke GMBH. Minimum
contents were transferred to water, 95 per cent purity (usually
and the chloride content determined 98+ per cent). Used as received.

by the Volhard method.

ESTIMATED ERROR:

§T/K
le/xl

(L]
o

.

o
(%2

REFERENCES :

l. Sloan, A. D. B.
Chem. Ind. 1964, 574.
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COMPONENTS : EVALUATOR:
1. Hydrogen Chloride; HCl; Peter G. T. Fogg
[7647-01-0] Department of Applied Chemistry
and Life Sciences,
2. Halogenated Alkanols Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

CRITICAL EVALUATION:

The Solubility of Hydrogen Chloride in Halogenated Alkanols

Gerrard and co-workers (1-3) measured solubilities in several halogenated
alkanols over temperature ranges at a total pressure equal to barometric
pressure. Under the conditions of the experiments the differences between these
solubilities and values for a partial pressure of 101.,3 kPa are likely to be
less than experimental error.

The presence of a halogen atom in 2-chloroethanol, 2-bromoethanol,
1-chloro-2-propanol and 1-bromo-2-propanol lowers the mole fraction solubilities
of HCl relative to those 1n the unsubstituted alcohols but these solubilities
are nevertheless appreciably higher than reference values from the Raoult's law
equation. There is little difference between mole fracticn solubilities in
these solvents in the overlapping temperature range.

The presence of two halogen atoms in 1,3-dibromo-2-propanol and in
2,3-dibromo-1-propanol causes a greater lowering of solubility. Mole fraction
solubilities in 2,3-dibromo-1-propanol are about double those in
1,3-dibromo-2-propanol. Perhaps this is due to steric factors.

Mole fraction solubilities in 2,2,2-trifluoroethanol and in
2,2,2-trichloroethanol are close to each other and lower than in the
dibromopropanols but, despite the presence of three halogen atoms, the
solubilities lie above the reference line from the Raoult's law eguation.

Measurements reported by Gerrard & Macklen (1) for solubility in
2-chloroethanol, and in 2,2,2-trichloroethanol differ to some extent from those
reported by Gerrard, Mincer & Wyvill (2,3). The maximum difference between
smoothed values of mole fraction solubilities in 2-chloroethanol from the two
sources is about 7%. The maximum difference in the case of
2,2,2-trichloroethanol is about 10%. These differences are not sufficient to
cast doubt on the overall pattern of measurements in these solvents. Data from
other sources are not available for comparison.

Mole fraction solubilities at 293.15 K and a partial pressure of 101.3 kPa.

Solvent XHe1 Source
(Reference value) 0.024 (Raoult's law equation)
Ethanol 0.462 {evaluated value)
1-Propanol 0.463 (evaluated value)
2-Chloroethanol 0.300 (2)
0.295 (1)
2-Bromoethanol 0.330 (1)
1-Chloro-2-propanol 0.318 (1)
1-Bromo-2-propanol 0.329 (1)
1,3-Dibromo-2-propanol 0.088 (1)
2,3-Dibromo-1-propanol 0.184 (1)
2,2,2-Trifluorocethanol 0.0480 (1)
2,2,2-Trichloroethanol 0.0600 (3)
0.0669 (1)
REFERENCES
1. Gerrard, W.; Macklen, E. D. J. Appl. Chem. 1859, 9, 85 - 88.
2, Gerrard, W.; Mincer, A. M. A,; Wyvill, P. L. J. Appl. Chem. 1959, 9,
89 - 91,

3. Gerrard, W.; Mincer, A. M. A,; Wyvill, P. L. J. Appl. Chem. 1960, 10,
115 - 121,
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COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen Chloride; HC1; Gerrard, W.; Mincer, A. M. A.;
[7647~01-0] Wyvill, P. L.
2. 2-Chloroethanol; CZHSCIO; J. Appl. Chem. 1959, §, 89 - 93.
[107-07~-3]
VARIABLES: PREPARED BY:
T/K: 199.15 - 322.65 W. G a
Total P/kPa: 101.325 (1 atm) - berrar
(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES: T/K Mol Ratio Mol Fraction

nHc1/“c2H5c1o Xuc1
199.15 2.858 0.741
211.15 2.110 0.678
233.15 1.247 0.555
253.15 0.883 0.469
279.65 0.557 0.358
292.65 0.439 0.305
308.135 0.315 0.240
322.65 0.210 0.174

Smoothed Data: 1ln xj] = -66.3023 + 92.9619/(T/100K) + 80.1282 1n (T/100K)
-18.0080 (T/100K)

Standard error about the regression line = 1.06 x 102

T/K Mole Frattion T/K Mole Fraction

x]l 1
193.15 0.813 263.15 0.434
203.15 0.717 273.15 0.390
213.15 0.651 283.15 0.346
223.15 0.600 293.15 0.300
233.15 0.556 303.15 0.256
243,15 0.516 313.15 0.214
253.15 0.475 323.15 0.175

The mole fraction values were calculated by the compiler.

AUXTLIARY INFORMATION

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

The solvent was weighed in a bubbler 1. Hydrogen Chloride. Good specimen
tube. The amount of gas absorbed at from a commercial cylinder was
temperatures above 273 K was deter- dried.

mined by reweighing to constant

weight. The total pressure was 2. 2-Chlorocethanol. Carefully
barometric, very nearly 1 atm purified, and purity rigorously
(101.325 kPa). attested.

For determinations below 273 K, a
chemical titration was carried out.
After the maximum absorption at the
stated temperature, the bubbler tube
was attached to a flask containing

1 am3 of water, and allowed to warm ESTIMATED ERROR:

slowly (12 hours) to room temperature. §T/K
The contents of the bubbler tube were §X./X
then added to the water, and the 1771
total chloride ion was determined by

2 below 273 K
0.02

(1|

the Volhard method.

A low temperature, Teddington type
YM thermostat was used for tempera-
tures below 273 K, the control being
within +2 K.

REFERENCES :
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1l; Gerrard, W.; Macklen, E.D.
[7647-01-0)

J. Appl. Chem. 1959, 9, 85-88.
(2) Halogenated alcohols

VARIABLES: PREPARED BY:
T/K: See below W. Gerrard
Total P/kPa : 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
"HCl/"alcohol fraction mole fraction
*HC1 *Hel

2-Chloroethanol; C2H5C10; 273.15 0.364
[107-07-3] 277.65 0.548 0.354

283.15 0.335

285.15 0.485 0.327

293.15 0.295

293.85 0.410 0.291

298.45 0.371 0.27

303.15 0.251

308.05 0.302 0.232

313.15 0.207

318.55 0.224 0.183

323.15 0.166
Smoothing equation: ln x = 76.741 - 103.640/(T/100) - 39.616 1n(T/100)

Standard error in Xpel about the regression line = 2.17 x 10°°

2-Bromoethanol; CZHSBrO; 273.15 0.362
[540-51-2] 278.55 0.532 0.347

282.85 0.494 0.331

283.15 0.330

288.75 0.443 0.307

293.15 0.290

294.55 0.397 0.284

301.05 0.345 0.257

303.15 0.247

310.05 0.281 0.219

313.15 0.205

318.35 0.225 0.184

323.15 0.166
Smoothing equation: 1ln x = 67.476 - 90.597/(T/100) - 35.154 1n(T/100)

Standard error in xggi about the regression line = 1.05 x 107°

* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:
The apparatus and procedure were (1) Hydrogen chloride: self-
those described by Gerrard and prepared and dried.

Macklen (1). The hydrogen chloride

was generated in an all glass (2) Halo-alcohols: purified,
apparatus. The absorption vessel, distilled, and attested by
previously weighed, was fitted with physical constants.

a stoppered bubbler tube and a

stoppered outlet tube. Entrained ESTIMATED ERROR:

liquid was condensed at 273.15 K, SXHCI/XHCI = *0.01 to 0.02

and allowed for. The amount of gas
absorbed by a known weight of liquid REFERENCES:
was determined by weighing.

1. Gerrard, W.; Macklen, E.D.
J. Appl. Chem. 1956, 6, 241.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
{7647-01-0]

J. Appl. Chem. 1959, 9, 85-88.
(2) Halogenated alcohols

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
”HCl/"alcohol fraction mole fraction
*HC1 *Hel

1-Chloro-2~propanol; 273.15 0.654 0.395 0.393
C3H7C10; [(127-00-4] 283.15 0.359

284.45 0.542 0.351

292.45 0.467 0.318

293.15 0.318

301.65 0.390 0.281

303.15 0.273

308.65 0.336 0.251

313.15 0.228

320.75 0.241 0.194

323.15 0.186

Smoothing equation: 1ln x c1 = 65.506 - 87.945/(T/100) - 34.079 1n(T/100)
Standard error in Xuel about the regression line = 3.74 x 1073

1-Bromo-2-propanol; 280.15 0.604 0.377
C3H7Bro; [19686-~73-8] 283.15 0.367
. 293.15 0.329

295.85 0.465 0.317

297.65 0.451 0.311

302.95 0.406 0.289
303.15 0.287

312.15 0.334 0.250
313.15 0.245

321.05 0.269 0.212
323.15 0.204

Smoothing equation: 1ln x = 60.861 - 82.074/(T/100) - 31.589 1n(T/100)

Standard error in ngi about the regression line = 1.09 x 1073
1,3-Dibromo-2~propanol; 273.15 0.128
C3HgBr,; [96-21-9]) 273.35 0.145 0.127

283.15 0.108

289.85 0.107 0.0967

293.15 0.0878

297.05 0.085 0.0783

302.05 0.074 0.0689

303.15 0.0686

309.35 0.064 0.0602

313.15 0.0519

318.25 0.046 0.0440

323.15 0.0381
Smoothing equation: 1ln x = 86.102 - 114.858/(1T/100) ~ 45.889 1n(T/100)

Standard error in Xucl about the regression line = 2.35 x 1073

* calculated by the compiler
** gmoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-0]

J. Appl. Chem. 1959, 9, 85-88,
(2) Halogenated alcohols

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/nalcohol fraction mole fraction
*Hel *HC1
2,3-Dibromo-1-propanol; 280.15 0.331 0.249
C3HGBr20; [96-13-9] 283.15 0.232
291.15 0.235 0.190
293.15 0.184
298.65 0.192 0.161
303.15 0.143
304.85 0.163 0.140
313.05 0.121 0.108
313.15 0.110
322.05 0.095 0.0868
323,15 0.0837
Smoothing equation: 1ln x = 48.152 - 59.615/(T/100) - 27.439 1n(T/100)
Standard error in X4el about the regression line = 2.80 x 1073
2,2,2-Trifluoroethanol; 273.15 0.0728
C2H3F30; {75-89-8]) 277.85 0.070 0.0654
283.15 0.0587
284.25 0.060 0.0566
293.15 0.0480
294.65 0.051 0.0485
302.65 0.041 0.0394
303.15 0.0387
313.15 0.0333
313.65 0.034 0.0329
Smoothing equation: 1ln Xyelp = - 8.741 + 16.720/(T/100)
Standard error in Xne1 about the regression line = 1.26 x 1073
2,2,2-Trichloroethanol; 273.15 0.0932
C2H3Cl30; [115-20-8] 273.55 0.102 0.0926
283.15 0.0811
288.35 0.081 0.0749
293.15 0.0669
294.45 0.068 0.0637
302,65 0.057 0.0539
303.15 0.0528
313.15 0.0400
313.65 0.041 0.0394

Smoothing equation: 1ln x = 98.026 - 132.665/(T/100) - 51.580 1In(T/100)

Standard error in Xucl about the regression line = 1.26 x 107}

* calculated by the compiler
** gmoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Gerrard, W.; Mincer, A. M. A.;
[7647-01~-0]) Wyvill, P. L.
(2) 2,2,2-Trichloroethanocl; J. Appl. Chem. 1960, 10, 115-121.
C,H,C1.0; (115-20-8]
273773
VARIABLES: PREPARED BY:
T/K: 273.15 - 303.15

Total P/kPa: 101.325 (1 atm)

W. Gerrard
(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

T/K Mol Ratio Mol Fraction
n /n x
HC1 C2H3C130 1
273.15 0.104 0.0942
278.15 0.0890 0.0817
279.65 0.0860 0.0792
285.15 0.0761 0.0707
288. 35 0.0733 0.0683
294.75 0.0604 0.0570
297.85 0.0591 0.0558
303.15 0.0511 0.0486

Smoothed Data:

Standard error about the regression line is 1.34 x 10

The compiler calculated the mole fraction values.

1n z = -8.814 + 17.592/(T/100)

3

T/K Mol Fraction
!
273.15 0.0931
283.15 0.0742
293.15 0.0600
303.15 0.0492

AUXTLIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The liquid component was weighed in
a bubbler tube. The amount of gas
absorbed was determined by re-
weighing to constant weight. The
total pressure was barometric, very
nearly 1 atm (101.325 kPa).

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Good specimen
from a commercial cylinder was
dried.

(2) 2,2,2-Trichloroethanol. Care-

fully purified, and purity

rigorously attested.

ESTIMATED ERROR:

le/xl = 0.02

REFERENCES:




Hydrogen Chloride in Non-Aqueous Solvents 133

COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HCl; H. Lawrence Clever
[7647-01-0] Department of Chemistry
Emory University
(2) Alkenols and Alkynols Atlanta, GA 30322 Usa
1983, July

CRITICAL EVALUATION:

The Solubility of Hydrogen Chloride in Unsaturated Alcohols.

Cook (ref 1) measured the solubility of hydrogen chloride at a
partial pressure of 101.325 kPa (1 atm) over the 263 - 293 K temperature
interval in eleven unsaturated alcohols. Eight of the alcohols are alkenols

and three are alkynols.

The hydrogen chloride is more soluble in the alkenols than in the
alkynols of similar molecular weight and structure. The alkenols range
from three to seven carbon atoms. The mole fraction solubility increases
as the carbon chain length increases and it increases with chain branching.
The largest solubility is observed in the branched chain four carbon
alkenol.

The data were fitted to an equation of the type
ln z; = A} + A,/ (7/100 K) + Az 1n (7/100 K)

by the method of least squares. The equations and a table of smoothed mole
fraction solubility data are included on each data sheet. The data are
classed as tentative.Although an uncertainty of 0.5 percent is noted on
the data sheets, the data are considered accurate to 2 to 3 percent
because of uncertainties in the pressure measurement.

Table 1 gives smoothed solubility values in mole fraction (x,) and
mole ratio (n,/n,) at temperatures of 273.15 and 293.15 K along with
the semi-structural formulas of the alcohols. The trends in the hydrogen
chloride solubility with structure mentioned briefly above can be seen in

the table.

Table 1. Tentative mole ratio and mole fraction solubilities of
hydrogen chloride in unsaturated alcohols at a partial
pressure of 101.325 kPa and temperatures of 273.15 and

293.15 K.
Solvent Name and Structure Solubility
273.15 K 293,15 K
ny/ng %y np/ng %

ALKENOLS
2-Propen-1-ol CH2=CHCH20H 0.887 0.470 0.689 0.408
2-Buten-1-0l CHBCH=CHCH20H 1.024 0.506 0.828 0.453
3-Buten-1-0l CH2=CHCH2CH20H 0.972 0.493 0.786 0.440
2-Methyl-2-propen-1-0l

CH2=C(CH3)CH20H 1.364 0.577 1.169 0.539
4-Penten-1-o0l CH2=CHCH2CH2CH20H 1.045 0.511 0.848 0.459
3-Penten-1-0l CH3CH=CHCH2CH20H 1.033 0.508 0.838 0.456
3-Hexen-1-o0l CH3CH2CH=CHCH2CH20H 1.041 0.510 0.848 0.459
3-Hepten-1-01 CH3CH2CH2CH=CHCH2CH20H 1.053 0.513
ALKYNOLS
2-Propyn~1-ol CHECCH20H 0.429 0.300 0.272 0.214
3-Butyn-1-0l CHECCHZCHZOH 0.706 0.414 0.592 0.372
3-Butyn-2-o01l CHECCHOHCH3 1.033 0.508 0.876 0.467

l. Cook, T. M. thesis, 1966, The University of London
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COMPONENTS:: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1l; Cook, T.M.
[7647-01-0]
Thesis, 1966
(2) Alkenols and alkynols University of London
VARIABLES: PREPARED BY:
T/K: 252.15 - 303.05 W. Gerrard

Total P/kPa : 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/"alcohol fraction mole fraction
HCL *Hel

2-Propyn-1-ol, 263.15 0.338
(propargyl alcohol); 263.35 0.513 0.339
C3H40; [107-19-7] 268.65 0.463 0.316

273.15 0.300

275.15 0.410 0.291

278.15 0.387 0.279

283.15 0.351 0.260 0.258

289.65 0.297 0.229

292.65 0.276 0.216

293.15 0.273 0.214 0.214

303.15 0.174
Smoothing equation: 1ln x, ., = 62.588 - 81.788/(T/100) - 33.685 1ln(T/100)
Standard error in x abou% the regression line = 1.73 x 10°°

HC1
*¥ calculated by the compiler.
** smoothing equations and smoothed values were calculated by H.L. Clever.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE :
The data were cited by Gerrard (1).

Hydrogen chloride was passed into a bubbler tube containing a weighed
amount of solvent at the specified temperature until the increase in
weight was constant at the barometric pressure (2). For temperatures
below 273 K a weighed amount (excess) of pyridine was quantitatively
injected 1nto the absorption vessel at the temperature of the thermostat.
The tube was then weighed at room temperature.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride: sample of best quality was self prepared and was
passed through concentrated sulfuric acid and calcium chloride.

(2) Alcohols: 2-buten-1-o0l self prepared. All alcohols fractionally

distilled.
B.Pt.(1 atm)/°C Refractive Index Density
2-propyn-1-ol 114 2o a2y = 0.9712
2-propen-2-ol 96.5 21nD = 1.4133 -
3-butyn-1-ol 128.5-130 ng = 1.4404 a2d = 0.922
3-butyn-2-ol 104-105.5 np?' = 1.4236 a*{ = 0.887
2-buten-1-o0l 120.5-121.5 np?® "= 1.4333 a*i = 0.8570
{33-34 at 8.5 mmHg)

3-buten-1-o0l 112-113 da'i = 0.8382
2-methyl-2-propen-1-ol  113-114.5 nj?° °= 1,4262 d?} = 0.846
3-penten-1-0l 137-138.5 ny?' %= 1.4376
4-penten-1-o0l 134-138
3-hexen-1-o0l 155-157 n,2° ®= 1.4380 a2 = 0.849
3-hepten-1-ol 173-173.5 ny?? = 1.4394
ESTIMATED ERROR:

GXHCl/XHCl = 0,005

REFERENCES
1., Gerrard, W. J. Chim. Phys. 1964, 61, 73;
Solubility of Gases in Liquids, Plenum Press, New York, 1976.

2. Ahmed, W.; Gerrard, W.; Maladkar, W.K. J. Appl. Chem. 1970, 20, 109,
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Cook, T.M.
(7647-01-0]
Thesis, 1966
(2) Alkenols and alkynols University of London
EXPERIMENTAL VALUES:
T/K Mole ratio Mole¥* Smoothed**
nHCl/"alcohol fraction mole fraction
*ne1 *Hea
2-Propen-1-01, 263.15 0.993 0.498 0.498
(allyl alcohol); C3H60; 273.15 0.470
[107-18-6] 278.15 0.835 0.455
283.15 0.440
288.15 0.733 0.423
289.45 0.729 0.422
291.35 0.712 0.416
293.15 0.408
296.15 0.652 0.395
303.05 0.606 0.377
303.15 0.375

Smoothing equation: 1ln Xyey = 19.291 - 24.988/(T/100) - 10.845 1n(T/100)
Standard error in XHel abou% the regression line = 2.36 x 1073

3-Butyn-1-o01; C4H60; 262.45 0.791 0.442
[927-74-2] 263.15 0.440
273.15 0.414
273.65 0.705 0.413
280.45 0.659 0.397
283.15 0.644 0.392 0.391
285.75 0.628 0.386
293.15 0.372
Smoothing equation: 1n Xue1p = ~-3.030 + 5.107/(T/100) + 0.277 1n(T/100)
Standard error in Xpel abou% the regression line = 4,21 x 10~*%
3-Butyn-2-0l; C4H60; 263.15 0.519
[2028-63-9] 268.90 1.057 0.514
273.15 0.508
278.65 0.977 0.499
283.15 0.965 0.491
283.15 0.490
284.45 0.950 0.487
293.15 0.467

Smoothing equation: ln xp., = 24.510 - 33.231/(T/100) - 12.958 1n(T/100)
Standard error in XHel abou% the regression line = 8.94 x 10™*

2-Buten-1-01, 273.15 0.506
(3-methylallyl alcohol); 276.65 1.007 0.502
C4H80; [6117-91-5] 280.45 0.980 0.495
283.15 0.488
283.35 0.950 0.487
284.55 0.938 0.484
291.35 0.851 0.460
293.15 0.453
Smoothing equation: 1ln x = 66.565 - 91.027/(T/100) - 33.757 1n(T/100)

Standard error in «x abgg% the regression line = 3,22 x 10~*%

HCl

* calculated by the compiler.
** smoothing equations and smoothed values were calculated by H.L. Clever.
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Standard error in Xuc1 ab

4-Penten-1-0l; CeHy0; 252.15 1.426 0.588
[821-09-0]) 253.15
263.15
273.15
275.45 1.018 0.504
278.75 0.979 0.495
279.95 0.968 0.492
281.55 0.949 0.487
283.15
286.25 0.905 0.475
293.15

Standard error in Xuel ab

* calculated by the compiler.
** smoothing equations and smoothed values were calculated by

COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1l; Cook, T.M.
({7647-01-0]}
Thesis, 1966
(2) Alkenols and alkynols University of London

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**

nHCl/nalcohol fraction mole fraction
*nel *Hel

3-Buten-1-0l; C4H807 263.15 0.518
[627-27-0) 270.15 1.005 0.501

273.15 0.493

274.45 0.960 0.490

277.55 0.923 0.480

282.75 0.882 0.469

283.15 0.467

290.35 0.811 0.448

292.75 0.790 0.441

293.15 0.440
Smoothing equation: 1ln Xy = 10.571 - 13.408/(T/100) - 6.339 1ln(T/100)
Standard error in Xuel abogé the regression line = 1.17 x 1073
2-Methyl-2-propen-1-o0l; 263.15 0.594
C4HgO; [513-42-8] 270.05 1.40 0.583

273.15 0.577

277.65 1.31 0.567

283.15 0.558

283.65 1.26 0.558

293.15 0.539

294.05 1.16 0.537

295.65 1.15 0.535

299,25 1.1 0.526

303.15 0.519
Smoothing equation: ln x, = 6.298 - 8.152/(T/100) - 3.845 1n(T/100)
Standard error in Xuel abos% the regression line = 1.31 x 10~}
3-Penten-1-0l; C5H100; 263.15 0.532
[39161-19-8) 265.55 1.115 0.527

273.15 0.508

275.25 1.009 0.502

280.05 0.967 0.492

282.45 0.939 0.484

283.15 0.482

285.55 0.910 0.476

293.15 0.456

Smoothing equation: 1ln Xpay = 11.093 - 14.188/(T/100) - 6.544 1n(T/100)
HGL the regression line = 1.23 x 107?

0.584
0.545
0.511

0.483
0.459

Smoothing eqguation: 1ln Xy = -4.807 + 7.868/(T/100) + 1.250 1ln(T/100)
05% the regression line = 3.58 x 10°*

H.L. Clever.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Cook, T.M.
[7647-01-0]
Thesis, 1966
(2) Alkenols and alkynols University of London
1
EXPERIMENTAL VALUES:
T/K Mole ratio Mole* Smoothed**
nHCl/nalcohol fiaction mole fraction
HC1 *Hel
3-Hexen-1-01; C6H120; 263.15 0.537
[2305-21-7] 263.55 1.154 0.536
273.15 0.510
281.45 0.953 0.488
283.15 0.940 0.485 0.484
288.05 0.897 0.473
293.15 0.849 0.459 0.459

Smoothing equation: 1n Xy
Standard error in Xucl aboﬁ%

3-Hepten-1-01; C7H14O;
[10606-47-0]

Smoothing equation: 1ln XHe
Standard error in XHCl abou%

* calculated by the compiler.

the

263.15
263.55
272.75
273.15
281.85
282.75
282.85
283.15

= 8.160 - 10,185/(T/100)
the regression line

5.733 - 6.804/(T/100)
regression line = 9.91 x 10~*%

1.161
1.056

0.963
0.956
0.955

- 3.896 1n(T/100)

0.537
0.514

0.491
0.489
0.488

0.538

0.513

0.488

- 5.074 1n(T/100)

3.76 x 107"

** smoothing equations and smoothed values were calculated by H.L. Clever.
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COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HCIL; H. Lawrence Clever
(7647-01-0] Department of Chemistry
Emory University
(2) Alkanediols Atlanta, GA 30322 USA
1983, July

CRITICAL EVALUATION:
The solubility of hydrogen chloride in alkanediols.

Hydrogen chloride + 1,2-Ethanediol; C,Hg0,; [107-21-1]

Three laboratories have reported solubility data on the system.
O'Brien, Kenny and Zeurcher (ref. 1) studied the HCl + CH20HCH20H system

at 298.15 K and HC1l partial pressure range of 0.081 to 43.0 kPa. Matuzak
(ref. 2) reported one solubility value at 310.9 K and 99.1 kPa partial
pressure. Gerrard and Macklen (ref. 3) reported the solubility at a
partial pressure of 10l1.3 kPa and ten temperatures between 273.15 and
319.65 K. All of the data are classed as tentative although, as discussed
below, there is evidence the O'Brien et al. solubility data may be too
small.

The one value of Matuszak at 310.9 K, when corrected to 101.3 kPa
pressure by Henry's law, agrees exactly with the 310.9 K solubility value
calculated from the smoothed data equation obtained from Gerrard and
Macklen's data. This tends to support the reliability of the results of
both laboratories.

At 298.15 K a graph of 1n p; vs. either 1nx1 or ln(nl/nz) shows a

poor correlation between the results of O'Brien et al. and of Gerrard
and Macklen. If the Gerrard and Macklen value at 101.3 kPa is correct
then the 0'Brien et gl. solubility values appear to be in error by being
too small. Selected values of the data of O'Brien et al. at partial
pressures of 0.081, 0.253, 0.324 and 3.67 kPa (0.0008, 0.0025, 0.0032
and 0.0357 atm) could form a line that would correlate with Gerrard and
Macklen's value, but the other nine values, which fall on a satisfactory
straight line, are too small. There is not enough evidence to discredit
the results of O'Brien et al. but their data should be used with caution
until confirmed by additional experiments.

Hydrogen chloride + Alkanediols (Table 1)

Gerrard and Macklen (ref. 3) report the solubility of hydrogen
chloride in six alkanediols, including the 1,2-ethanediol discussed above,
at 101.3 kra hydrogen chloride partial pressure over the temperature
interval of about 273 to 323 K.

The data were fitted by the method of least squares to an equation
of the type

lnx, = A In(7/100 K)

1 1t A2/(T/100 K) + A

3

The equation and a table of smoothed mole fraction solubility data are
included on each data sheet. Table 1 contains the smoothed solubility
values in mole fraction (xl) and mole ratio ("1/"2) at temperatures of

273.15, 293.15 and 323.15 K and a partial pressure of 101.3 kPa along
with the name and formula of each alkanediol.

Although only a limited number of solvents were studied one can
observe several trends between solubility and structure. For alkanediols,

an2n+202' the solubility in 1,n~alkanediols increases as n increases.

within the butanediocls the solubility decreases as the hydroxy groups are
spaced nearer together. Thus the solubility decreases in the order

l,4-Butanediol > 1,3-Butanediol > 2,3-Butanediol




Hydrogen Chloride in Non-Aqueous Solvents 139

COMPONENTS : EVALUATOR:
(1) Hydrogen chloride; HCl; H. Lawrence Clever
[7647-01-0] Department of Chemistry
Emory University
(2) Alkanediols Atlanta, GA 30322 USA
1983, July

CRITICAL EVALUATION:
Table 1. Tentative mole ratio ("l/nz) and mole

fraction (xl) solubilities of hydrogen

chloride in alkanediols at a partial
pressure of 101.325 kPa and temperatures
of 273.15, 293,15 and 323.15 K.

Solvent Name Solubility of HCl in Alkanediols
and Structure

273.15 K 293.15 K 313.15 K

nl/nz *, nl/nz z, nl/nz x,

1,2-Ethanediol

CHZOHCHZOH

[107-21-1] 1.037 0.509 0.815 0.449 0.637 0.389

1,3-Propanediol
CH,OHCH,CH,OH

2 2772
[504-63~-2] 1.132 0.531 0.873 0.466 0.689 0.408
1,3-Butanediol
CHZOHCH2CHOHCH3
[107-88-0] 1,597 0.615 1.217 0.549 0.942 0.485

1,4~Butanediol

CH20HCH2CH2CH20H

[110-63~4] 1.674 0.626 1.353 0.575 1.088 0.521
2,3~Butanediol
CH3CHOHCHOHCH3
[513-85-9] .1.288 0.563 0.961 0.490 0.745 0.427

1l,5-Pentanediol

CHZOHCHZCHZCH2CH20H

[111-29-5] —— ———— 1.506 0.601 1.212 0.548

REFERENCES :

1. O'Brien, S. J.; Kenny, C. L.; Zeurcher, R. A.
J. Am. Chem. Soc. 1939, 61, 2504.

2, Matuszak, M. P. U. S. Patent 2,520,947 Sept. 5, 1950.

3. Gerrard, W.; Macklen, E. D. J. 4ppl. Chem. 1960, 10, 57.
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0]

(2) 1,2-Ethanediol or ethylene
glycol; CoHgO,; [107-21-1]

ORIGINAL MEASUREMENTS:

O'Brien, S. J.; Kenny, C. L.;
Zeurcher, R. A.

J. Am. Chem. Soe. 1939, 61,
2504 ~ 2507.

VARIABLES:
T/K: 298.15
P/kPa: 0.081 - 42.96
(0.0008 - 0.424 atm)

PREPARED BY:

W. Gerrard

EXPERIMENTAL VALUES:

T/K Pressure Molality Mol Ratio Mol Fraction

pi/atm my/mol kg~1 ny/njy ]

298.15 0.0008 1.33 0.0372 0.0359
0.0025 2.27 0.0636 0.0598
0.0032 2.45 0.0686 0.0642
0.0046 2.72 0.0762 0.0708
0.0074 3.02 0.0846 0.0780
0.0075 3.07 0.0860 0.0792
0.0086 3.11 0.0871 0.0801
0.0079 3.13 0.0877 0.0806
0.0357 4.66 0.130 0.115
0.135 6.57 0.184 0.155
0.139 6.63 0.186 0.157
0.172 T6.92 0.194 0.162
0.424 8.78 0.246 0.197
(1.00 0.249)!

plot of the above z; vs. P3

the compiler.

! yalue from the compiler's graphical extrapolation of the

The mole ratio and mole fraction values were calculated by

data.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method and apparatus are almost
identical to those of Saylor (1).
The main difference is the use of a
1 to 2 day instead of a 5 to 7 day
equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared from
chemically pure potassium
chloride and sulfuric acid. Dried
by phosphorus pentoxide.

(2) 1,2-Ethanediol. Eastman Kodak Co.

Used as received.

and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl1l in the
upper bulb is quantitatively removed

ESTIMATED ERROR:

§T/K = 0.02

and titrated with NaOH. The HCl
partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaCOH.

REFERENCES :

1. Saylor, J. H.

J. Am. Chem., Soc. 1937, 59, 1712.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCL; Matuszak, M. P.
[7647-01-01

U. 8. Patent 2,520,947

(2) 1,2-Ethanediol or ethylene September 5, 1950
glycol; CyHgO,; [107-21-1]

Chem. Abstr. 1950, 44, 11044g

VARIABLES: PREPARED BY:

T/K
p/kPa

310.9 W. Gerrard
99.06 (743 mmHg)

EXPERIMENTAL VALUES:

Temperature Pressure HCl Absorbed! Mol Ratio Mol Fraction
g HC1 per 100
t/°F T/K p/mmHg g component 2 ny/ngy xq

100 310.9 743 37.0 0.631 0.387

! The author's statement was "HCl absorbed, weight per cent of
oxycompound. "

The mole ratio and mole fraction values were calculated by the

compiler.
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
No information. No information.

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Gerrard, W.; Macklen, E.D.
[7647-01-0]
J. Appl. Chem. 1960, 10, 57-62.
(2) Diols
VARIABLES: PREPARED BY:
T/K: See below W. Gerrard

Total P/kPa : 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
”Hcl/"diol fraction mole fraction
*HCl *HCl
1,2-Ethanediol, (ethylene 273.15 1.038 0.509 0.509
glycol); C2H602; [107-21-1] 276.25 1.000 0.500
283.15 0.479
284,15 0.902 0.474
292.95 0.816 0.449
293.15 0.449
295.35 0.792 0.442
301.25 0.740 0.425
303.15 0.419
308.55 0.676 0.403
311.15 0.657 0.396
313.15 0.389
_317.85  0.598 0.374
319.65 0.585 0.369
323.15 0.360
Smoothing equation: ln Xge1 = 14.252 - 18.247/(T/100) 8.208 1n(T/100)

Standard error 1in Xnel

* calculated by the compiler

about the regression line =

1.18 x 1073

** smoothing equation and smoothed values were calculated by H.L. Clever

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The method and procedure were
described by Gerrard and Macklen (1).
The amount of gas absorbed by a
measured weight of solvent was
determined by re-weighing the
bubbler tube to constant weight.

the measured total pressure was
barometric, very nearly 101.325 kPa.
The temperature control was within
0.1 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride: self-

prepared and dried.
(2) Diols: purified by known
methods; purity attested by
boiling point and refractive
index; distilled into the
absorption vessel just before
use.

ESTIMATED ERROR:
S§T/K =
GXHCI/XHCI = 320,005

0.1
to 0.025

REFERENCES:

1. Gerrard, W.; Macklen, E.D.
J. Appl. Chenm. 1856, 6, 241.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-0)
J. Appl. Chem. 1960, 10, 57-62.
(2) Diols —_
VARIABLES: PREPARED BY:
T/K: See below W. Gerrard
Total P/kPa : 101.325 (1 atm)
EXPERIMENTAL VALUES:
T/K Mole ratio Mole* Smoothed**
nHCl/"diol fraction mole fraction
*HCl *HCl
1,3~Propanediol, (propylene 273.15 1.138 0.532 0.531
glycol); CyHgO,; [504-63-2] 277.65 1.068 0.516
280.35 1.036 0.509
282.65 0.994 0.498
283.15 0.498
290.25 0.903 0.475
293.15 0.466
297.45 0.833 0.454
306.65 0.748 0.428
310.85 0.705 0.413
313.15 0.408
317.85 0.652 0.395
303.15 0.436
323.15 0.381
Smoothing equation: 1ln x = 7.204 - 8.297/(T/100) - 4.776 1In(T/100)

Standard error in Xuol

1,3-Butanediol, (1,3~-butylene
glycol); C4H1002; [107-88-0]

1ln x
in XHC

compiler

Smoothing equation:
Standard error

* calculated by the

about the regression line

4
= 1.42 x 107°

273.15 0.615
279.65 1.453 0.592
281.25 1.430 0.588
283.15 0.582
285.65 1.353 0.575
293.15 0.549
293.35 1.222 0.550
298.65 1.128 0.530
300.15 1.111 0.526
303.15 0.516
303.75 1.049 0.512
307.65 1.013 0.503
310.35 0.974 0.493
313.15 0.485
318.15 0.884 0.469
323.15 0.454
326.35 0.801 0.445
333.15 0.425

= 9.533 - 11.646/(T/100) - 5.728 ln(T/JOO)

1 about the regression line =

1.39 x 107

** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1l; Gerrard, W.; Macklen, E.D.
[7647-01-0]
J. Appl. Chem. 1960, 10, 57-62.
(2) Diols
EXPERIMENTAL VALUES:
T/K Mole ratio Mole* Smoothed**
"Hcl/"diol fraction mole fraction
*Hcl *Hc1
2,3-Butanediol, (2,3-butylene 273.15 0.563
glycol); 04H1002; [513-85-9] 275.05 1.246 0.555
276.85 1.217 0.549
280.55 1.154 0.536
283.15 0.525
284.15 1.088 0.521
288.85 1.011 - 0.503
293.15 0.490
294.55 0.936 0.483
302.75 0.852 0.460
303.15 0.458
308.25 0.793 0.442
313.15 0.427
314.45 0.738 0.425
321.05 0.671 0.402
323.15 0.399

= 5,667 - 5.930/(T/100) - 4.051 1ln(T/100)
about the regression line = 1.74 x 1073

Smoothing equation: 1ln x

Standard error in chl

HC1-
1,4-Butanediol, 273.15 1.674 0.626 0.626
(tetramethylene glycol); 280.55 1.552 0.608
CyH, 00, [110-63-4]1 283,55 1.500 0.600
283.15 0.601
284.65 1.491 0.599
288.25 1.433 0.589
290.35 1.395 0.582
293.15 0.575
293.35 1.360 0.576
294.35 1.337 0.572
298.35 1.279 0.561
303.15 0.548
304.75 1.193 0.544
312.55 1.096 0.523
313.15 0.521
Smoothing eguation: 1ln Xpey = 10.370 - 13.365/(T/100) -~ 5.917 1ln(T/100)
Standard error in Xucl about the regression line = 7.56 x 107"
1,5-Pentanediol, 283.15 0.630
(pentamethylene glycol); 286.55 1.620 0.618
C5H1202; [111-29-5] 291.75 1.532 0.605
293.15 0.601
298.95 1.421 0.587
303.15 0.573
312,35 1.223 0.550
313.15 0.548
316.95 1.163 0.538
322.35 1.095 0.523
323.15 0.524
332.75 1.017 0.504
333.15 0.502

Smoothing equation: 1ln Xye1 = 2.064 - 1.545/(T/100) - 1.903 1ln(T/100)
Standard error in Xuc1 about the regression line = 2.21 x 1073

* calculated by the compiler

** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS:

1. Hydrogen Chloride; HCl;
[7647-01-0]

2. Aromatic and alicyclic
alcohols

FVALUATOR.

Peter G. T. Fogg

Department of Applied Chemistry
and Life Sciences,

Polytechnic of North London,

Holloway, London, N7 8DB, U.K.

January 1989

CRITICAL EVALUATION:

comparison.

Solubility of Hydrogen Chloride in Aromatic and Alicyclic Alcohols

Gerrard & Macklen (1) measured solubilities in benzenemethanol,
phenylethanol and phenyl-1-propanol over temperature ranges at a total
pressure of 1,013 bar. The contribution of the vapor pressure of the
solvent to the total pressure was negligible under the conditions of the
measurements and data may be taken to correspond to solubilities at a
partial pressure of 1.013 bar. Measurements are self-consistent and
correspond to a small increase i1in mole fraction solubility with increase in
carbon number. No other data for these systems are available for

Mole fraction solubilities at 293.15 K and a partial pressure of 1.013 bar.

Methanol 0.434 (evaluated value)

Ethanol 0.462 (evaluated value)
Propanol 0.463 (evaluated value)
Benzenemethanol 0.412 { smoothed data based upon
Phenylethanol 0.425 measurements by
Phenyl-1-propanol 0.446 Gerrard & Macklen)

Gerrard & Macklen (2) also measured solubilities in cyclohexanol and in
2-methylcyclohexanol at a total pressure equal to barometric pressure over
the temperature ranges 280.95 K to 314.75 K and 277.85 K to 321.85 K
respectively. Both sets of measurements are self-consistent with mole
fraction solubilities at the same temperature very close to each other.
The smoothed value at 293.15 K for cyclchexanol 1s 0.507 and that for
2-methylecyclohexanol in 0.510. Under the conditions of measurement mole
fraction solubilities for a total pressure of 1.013 bar are likely to be
close to those at a partial pressure of gas of 1.013 bar. The
corresponding smoothed value for solubility in 1-hexanol from measurements
by these authors is 0.468. The data for cyclohexanol and
2-methylcyclohexanol may be accepted on a tentative basis.

REFERENCES
1. Gerrard, W.; Macklen, E. D. J.
2. Gerrard, W.; Macklen, E. D. J.

Appl. Chem. 1956, 6, 241 - 244.

Appl. Chem. 1959, 9, 85 - 88.
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COMPONENTS :

(1) Hydrogen chloride; HCl;
[7647-01-0}

(2) Cvclic alkanols

ORIGINAL MEASUREMENTS:
Gerrard, W.; Macklen, E.D.

J. Appl. Chem. 1959, 9, 85-88.

VARIABLES:
T/K:
Total P/kPa :

See below
101.325 (1 atm)

PREPARED BY:
W. Gerrard

EXPERIMENTAL VALUES:

HC1
* calculated by the compiler

T/K Mole ratio Mole* Smoothed**
nHCl/"alcohol fraction mole fraction
HCL *uc1

Cyclohexanol; C6H120; 273.15 0.531
[108-93-0] 280.95 1.051 0.512

283.15 0.507

285.15 1.013 0.503

289.55 0.968 0.492

293.15 0.484

299.75 0.881 0.468

303.15 0.460

307.85 0.815 0.449

313.15 0.437

314,75 0.768 0.434
Smoothing equation: 1n Xpey = 6.643 - 8.239/(T/100) - 4.239 1n(T/100)

Standard error in xHCl‘about the regression line = 4,73 x 10~*

2-Methylcyclohexanol; 273.15 0.533
C7H140; [583-59-5] 277.85 1.096 0.523

283.15 0.510

285.05 1.026 0.506

293.15 0.487

296.05 0.925 0.481

302.35 0.869 0.465

303.15 0.463

312.55 0.792 0.442

313.15 0.439

321.85 0.722 0.419

323.15 0.416
Smoothing equation: 1ln Xpey = 9.687 - 12.541/(T/100) - 5.698 1n(T/100)

Standard error in x about the regression line = 6.72 x 10™*

** smoothing equation and smoothed values were calculated by H.L. Clever

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE:

The apparatus and procedure were
those described by Gerrard and
Macklen (1). The hydrogen chloride
was generated in an all glass
apparatus. The absorption vessel,
previously weighed, was fitted with
a stoppered bubbler tube, and a
stoppered outlet tube. Entrained
ligquid was condensed at 273.15 K,
and allowed for. The amount of gas
absorbed by a known weight of liquid
was determined by weighing.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride: self-

prepared and dried.
(2) Alcohols: purified, distilled,
and attested by physical
constants.

ESTIMATED ERROR:

$xyc1/*gcy = *0.01

REFERENCES:

1. Gerrard, W.; Macklen, E.D.
J. Appl. Chem. 1956, 6, 241,
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E. D.
[7647-01~0]

J. Appl. Chem. 1956, 6, 241-244,.
(2) Benzenemethanol or benzyl
alcohol; C7H80; [100~51-6]

VARIABLES: PREPARED BY:
T/K: 278.65 - 316.85

Total P/kPa: 101.325 (1 atm) W. Gerrard

(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

T/K Mole Ratio Mole Fraction

n n x

HCl/ C7H80 1
278.65 0.875 0.467
285.25 0.793 0.422
293.05 0.720 0.419
300.55 0.657 0.396
307.75 0.597 0.374
316.85 0.525 0.344

The mole fraction solubility values were calculated by the compiler.

Smoothed Data: 1ln x, = -3.085 + 6.441/(T/100)
Standard error about regression line = 9.91 x 1073
T/K Mole Fraction
x
1
273.15 0.483
283.15 0.445
293.15 0.412
303.15 0.383
313.15 0.358
323.15 0.336
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Hydrogen chloride was generated in an{(l) Hydrogen chloride. Self pre-
all-glass apparatus. pared and dried.
The all glass absorption vessel (50 (2) Benzenemethanol or benzyl
cm3) comprised an inlet bubbler tube, alcohol. High-grade specimen
an outlet tube, and the part holding was distilled and attested.

a weighed amount of liguid. Each
tube was fitted with a tap, and
either a B-19 cone, or a B-19
socket. Entrained liquid was col-
lected and allowed for. Temperature
control was within 0.1 K. The

amount of gas absorbed was deter- n
mined by weighing. ESTIMATED ERROR:
§T/K

le/xl

nn
o
o
.—l

REFERENCES:
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E. D.
[7647-01-0]
J. Appl. Chem. 1956, 6, 241-244,
(2) Phenylethanol; C8H100;
[1321=-27-3]
VARIABLES: PREPARED BY:
T/K: 278.35 - 315.85
Total P/kPa: 101.325 (1 atm) W. Gerrard
(smoothed data calculated by H.L. Clever)
EXPERIMENTAL VALUES:
T/K Mole Ratio Mole Fraction
n n X
HC1l/ CBHlOO 1
278.35 0.878 0.468
287.05 0.796 0.443
292.35 0.747 0.428
299.25 0.686 0.407
309.35 0.608 0.378
315.85 0.565 0.361

Smoothed Data:

The mole fraction solubility values were calculated by the compiler.

1n x, = 12.392 - 15.658/(T/100) - 7.351 1ln (T/100)

cm3) comprised an inlet bubbler tube,
an outlet tube, and the part holding
a weighed amount of liguid. Each
tube was fitted with a tap, and
either a B-19 cone, or a B-19

socket. Entrained liquid was col=-
lected and allowed for. Temperature
control was within 0.1 K. The
amount of gas absorbed was deter-
mined by weighing.

Standard error about regression line = 6.09 x 10-4
T/K Mole Fraction
X
1
273.15 0.483
283.15 0.454
293.15 0.425
303.15 0.396
313.15 0.368
323.15 0.341
AUXILIARY INFORMATION
METHOD 'APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
Hydrogen chloride was generated in an|{l) Hydrogen chloride. Self pre-
all-glass apparatus. pared and dried.
The all glass absorption vessel (50 (2) Phenylethanol. High-grade

specimen was distilled and
attested.

ESTIMATED ERROR:

§T/K

= 0.1
le/xl = 0.0

05

REFERENCES;
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCIL; Gerrard, W.; Macklen, E. D.
[7647-01-0]
J. Appl. Chem. 1956, 6, 241-244.
(2) Phenyl-l-propanol; C_,H,,O;

[1335-12-2]

VARTABLES: PREPARED BY:
T/K: 280.15 - 317.75
Total P/kPa: 101.325 (1 atm) W. Gerrard

(smoothed data calculated by H.L, Clever)

EXPERIMENTAL VALUES:

T/K Mole Ratio Mole Fraction

n n X

HCl/ C9H120 1l
280.15 0.922 0.480
286.55 0.860 0.462
293.55 0.801 0.445
300.55 0.740 0.425
303.85 0.714 0.417
310.25 0.659 0.397
317.75 0.601 0.375

The mole fraction solubility values were calculated by the compiler.

Smoothed Data: 1ln x, = 19.778 ~ 26.354/(T/100) = 10.781 1ln (T/100)

1
standard error about regression line = 1.03 x 10-3
T/K Mole Fraction
X
1
273.15 0.495
283.15 0.472
293.15 0.446
303.15 0.418
313.15 0.389
323.15 0.360
AUXILIARY INFORMATION
METHOD/APPARATUS /PROCEDURE: SOURCE AND PURITY OF MATERIALS:
Hydrogen chloride was generated in an|(l) Hydrogen chloride. Self pre-
all~-glass apparatus. pared and dried.
The all glass absorption vessel (50 (2) Phenyl-l-propanol. High-grade
cm3d) comprised an inlet bubbler tube, specimen was distilled and
an outlet tube, and the part holding attested.

a weighed amount of liguid. Each
tube was fitted with a tap, and
either a B-19 cone, or a B~19
socket. Entrained liquid was col-
lected and allowed for. Temperature
control was within 0.1 K. The
amount of gas absorbed was deter-
mined by weighing.

ESTIMATED ERROR:

S§T/K
S:cl/xl

tn
o
.
o
o
(5]

REFERENCES ;
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COMPONENTS : EVALUATOR: .
1. Hydrogen Chloride; HCLl; Peter G. T. Fogg
[7647-01-0} Department of Applied Chemistry

and Life Sciences,

2. Ethers and Miscellaneous Solvents Polytechnic of North London,
Containing Carbon, Hydrogen and Holloway, London, N7 8DB, U.K.,
Oxygen.

January 1989

CRITICAL EVALUATION:

The Solubilaity of Hydrogen Chloride in Ethers and Miscellaneous Solvents
Containing Carbon, Hydrogen and Oxygen.

The solubility i1n a wide range of alkyl ethers has been measured by Gerrard and
his co-workers (1-3) over the temperature range 197 K to 301 K at a total
pressure equal to barometric pressure. The solubility in 1-methoxybutane has
also been measured over a total pressure range of 7 kPa to 226 kPa at
temperatures 233.45 K to 286.15 K.

Mole fraction solubilities are appreciably higher than values corresponding to
the Raoult's law equation i.e.
mole fraction = ©partial pressure / vapor pressure of liquid HC1

The variations of mole fraction solubility with pressure at a constant
temperature for 1-methoxybutane may be compared with the variations expected
from the Margules equation i.e.

o 2 o 2
ptotal Pg Xg exp(axs) + PS Xg exp(axg)
where 'g' refers to the gas and 's' refers to the solvent. P° and P; are the

vapor pressures of pure liquefied gas and solvent respectively.

The value of a may be found by substitution in the equation of the mole fraction
solubility for one value of the total pressure at a particular temperature. The
equation may then be used to draw the variation of mole fraction solubility waith
pressure which follows from the equation. As may be seen from fig. 1 the
experimental data for 1-methoxybutane approximate to the curve from the

Margules equation but do not exactly coincide with 1t except at the data point
used to calculate the value of o. The curve does not pass through the origin
because the pure solvent has a small vapor pressure at this temperature. Both
the experimental measurements and the theoretical curve indicate that, at total
pressures of about 101.3 kPa, there i1s relatively small change in mole fraction
solubility with change of pressure, whereas at very low total pressures the
change 1s relatively large.

Solubilities 1in other dialkyl ethers have not been measured over pressure ranges
but the evaluator considers that the Margules equation is likely to give an
approximate prediction of behaviour which is valid for the comparison of one
system with another.

At the higher temperatures of measurement the lower ethers are appreciably
volatile. 1,1'-Oxybisethane has a vapor pressure of about 75 kPa at 299 K, the
highest temperature of measurement of soclubility in this ether. According to
Kapoor et al. the mole fraction solubility of hydrogen chloride in this solvent
at 299.55 K and a total pressure of 101.3 kPa is 0.357. It follows from the
Margules equation applied to this system that a saturated solution under these
conditions is likely to have a partial pressure of hydrogen chloride of 82.3 kPa
with the partial pressure of 1,1'-oxybisethane reduced to 19.0 kPa. It also ¥
follows from the Margules equation that the mole fraction solubility for a
partial pressure of hydrogen chloride of 101.3 kPa would be about 0.374 compared
with the solubility of 0.357 for a total pressure of 101.3 kPa. This difference
is small despite the very high volatility of the pure solvent.

At lower temperatures for this solvent and at this temperature for higher
ethers the difference between mole fraction solubility at a total pressure of
101.3 kPa and mole fraction solubility at this partial pressure is likely to be
much smaller. At 283.95 K the vapor pressure of pure 1,1'-oxybisethane is about
40 kPa and experimental value of the mole fraction solubility of hydrogen
chloride at a total pressure of 101.3 kPa 1s 0.475. The partial pressure of
1,1'-oxybisethane over the saturated solution is likely to be about 2.2 kPa and
the corresponding value of mole fraction solubility for a partial pressure of
101.3 kPa to be about 0.477.

The evaluator.considers that, for the purpose of general comparison of these
sets of data for dialkyl ethers at a total pressure of 101.3 kPa, either one
with another or with data for other systems, the contribution of the vapor
pressure of the ether to the total pressure may be disregarded. Solubilities at
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T-methoxybutane (marked by crosses) and the variation from the

Marqules equation (shown as a
Temperature = 286.15 K

(see ref. 3)

curve ! .




152 Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS : EVALUATOR:
1. Hydrogen Chloride; HCl; Peter G. T. Fogg
[7647-01-01 Department of Applied Chemistry

and Life Sciences,

2. Ethers and Miscellaneocus Solvents Polytechnic of North London,
Containing Carbon, Hydrogen and Holloway, London, N7 8DB, U.K.
Oxygen.

January 1989

CRITICAL EVALUATION:

a total pressure of 101.3 kPa may be considered to diffgr from solubilities at a
partial pressure of 101.3 kPa by less than the experimental error in
measurement.

The general pattern of data for a total pressure of 101.3 kPa 1s consistent but
unusual. Over much of the temperature range the variation with temperature of
mole fraction solubilities i1n the various ethers 1s almost linear. The
solubility curves are very close to one another and there 1s very little change
in pattern on going from the lower alkyl ethers with carbon number of four to
higher ones with carbon number of 16. Mole fraction solubilities in
2-ethoxybutane are slightly higher than in the other alkyl ethers. At 273.15
the smoothed value given by Kapoor et al.(3) 1s 0.574 compared with the
smoothed value of 0.537 for dissolution in 1-ethoxybutane.

Kapoor et al.(3) repeated some of the earlier measurements of the solubility in
1-methoxybutane, 1,1'-oxybispropane, 1,1'-oxybisbutane 1,1'-oxybispentane, and
1,1'-oxybis{3-methyl]-butane made with similar apparatus in the same laboratory
by Gerrard & Macklen (1) or Ahmed, Gerrard & Maladkar (2). In all cases there
1s agreement within about 2%. Some measurements of solubility in alkyl ethers
have been reported from other laboratories. Perkin's measurements (4) of
solubilaty in 1,1'-oxybis{3-methyl]-butane over the temperature range 273.15 K
to 298.15 K are close to the later measurements by Gerrard & Macklen and by
Kapoor et al. The single measurement reported by Matuszak (5) at 297.6 K 1is
significantly lower than solubilities reported by other authors and 1s rejected
by the evaluator.

The evaluator recommends the following equation for solubilities in
1,1'-oxybis{3-methyl]l-butane at a total pressure of 101.3 kPa for the
temperature range 272.9 K to 307.45 K which is based upon experimental data
obtained within this range :

In Xgelp = 299.563 - 11887.3/(T/K) - 45.7625 1n(T/K)

The standard deviation 1in values of Xuyc1 1S 0.0081.

The data obtained by Kapoor et al. should be used for solubilities at lower
temperatures down to 194.65 K. These data are probably reliable but there are
no other measurements at very low temperatures for comparison.

The solubility in 1,1'-oxybisethane at a total pressure equal to barometric
pressure was also measured by Kapoor et al.(3) over the temperature range 201.15
K to 299.55 K, by Schunke (6) over the range 263.95 K to 303.15 K, by Ionin &
Shverina (7) and by Chesterman (8) at 298.15 K and also by Mirsaidov et al. (9)
at 273.15 K and 298.15 K. As explained above, the solubility in ethers 1is
relatively insensitive to changes in pressure at pressures close to 101.3 kPa.
Variation in barometric pressure from one set of data to another does not cause
significant changes i1n solubility. Data presented by Kapoor et al., by Schunke
and by Chesterman agree fairly closely. The solubilities published by Mirsaidov
et al. are appreciably lower and the value given by Ionin & Shverina higher than
values given by other authors. The following equation based upon measurements
by Kapoor et al., by Schunke and by Chesterman is recommended for solubilities
1n the range 260 K to 303 K :

1n Xpe1 = 75.090 - 2391,9/(T/K) - 11.940 1n(T/K)

The standard deviation in values of «x is 0.0177.

HC1
Data published by Kapoor et al. for lower temperatures down to 201.15 K are
likely to be reliable. No other measurements down to this temperature are
avallable for comparison.

Ionin & Shverina (7) measured the solubility in 1,1'-oxybisbutane at 298.15 K
and a total pressure equal Lo barometric pressure. Their value of the fraction
solubility is 0.447 which is high compared with the value of 0.39 from
measurements by Kapoor et al.(3), and by Gerrard & Macklen (1) whaich are 1in
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satisfactory agreement where the two temperature ranges overlap. Ionin &
Shverina also measured the solubility in 2,2'-oxybisbutane at 298.15 K. No
other measurements of the solubility of hydrogen chloride in this solvent are
available for comparison. In view of the uncertainty cast on their measurement
of solubility in 1,1'-oxybisethane and in 1,1'-oxybisbutane published in the
same paper the value for 2,2'-oxybisbutane should be treated with caution.

Gerrard & Macklen (1) measured the solubility of hydrogen chloride in
(methoxymethyl)benzene, (ethoxymethyl)benzene, (butoxymethyl)benzene and
1,1'-{oxybis(methylene)lbisbenzene at total pressures equal to barometric
pressure 1n the temperature range 273.15 K to 312.95 K. The measurements are
self-consistent and likely to be reliable but no other measurements of
solubility 1n these solvents are available for comparison. Mole fraction
solubilities are appreciably higher than given by the Raoult's law equation but
the presence of the benzene rings lowers solubility relative to that in dialkyl
ethers as shown below:

Table 1 Mole fraction solubility of hydrochloric acid at 283.15 K,
total pressure 101.325 kPa

Solvent Xue1 Source

(Raoult's law eguation) 0.0305
1,1'-Oxybisethane 0.478 evaluator's equation
(Methoxymethyl)benzene 0.421 (1)
(Ethoxymethyl )benzene 0.419 (1)
(Butoxymethyl)benzene 0.407 (1)
1,1'~[Oxybis(methylene) ]lbisbenzene 0.352 (1)
Methoxybenzene 0.144 evaluator's equation
Ethoxybenzene 0.149 evaluator's equation
1-Methoxy-2-methylbenzene 0.112 (1)
1,1'-Oxybisbenzene 0.049 (298.15 K) (11)

0.059 (298.15 K) (1)

Tetrahydrofuran 0.581 (1)
1,4-Di1oxane 0.517 (1)

Mole fraction solubility at barometric pressure is further reduced if the
benzene raing 1s directly attached to the ether linkage. Unlike the ethers
discussed above there is, in the case of alkyl aryl ethers and diaryl ethers,
significant variation in mole fraction solubility with change 1in pressure at
pressures close to 101.3 kPa. The assumption that mole fraction solubility
varies linearly with pressure to about 101.3 kPa 1s probably a valid
approximation for many purposes.

The solubility 1n methoxybenzene has been measured over a pressure and
temperature range by O'Brien (10). Solubility at a total pressure of 101.3 kPa
has also been measured over temperature ranges by Gerrard & Macklen and by
Kapoor et al. Mole fraction solubilities at a partial pressure of 101.3 kPa by
extrapolation of O'Brien's data are close to values from the other two sources,
corrected where necessary for the small contribution of the solvent to the total
vapor pressure. The evaluator recommends the following equation for mole
fraction solubilities in the temperature range 277 K to 321.65 K based upon data
from the three sources:

In xgo) = -217.535 + 11508.4/(T/K) + 30.9874 1n(T/K)

The standard deviation in values of «x 18 0.0506.

HC1
Measurements made down to 195.65 K by Kapoor et al. are likely to be reliable
but no other data for low temperatures are available for comparison.

O'Brien & King (17) measured Henry's constants for solubility in ethoxybenzene
over the temperature range 283.15 K to 298.15 K. Gerrard and Macklen reported
solubilities in this solvent at a total pressure of 101.3 kPa for the range
282,75 K to 322.95 K. The two sets of data are consistent to within 6%.
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The corresponding values of mole fraction solubilities fit the following
equation :
In xgay = 67.4844 - 1288.90/(T/K) - 11.4837 1n(T/K)

The standard deviation for values of «x is 0.0020.

HC1l
O'Brien & King also measured Henry's constants for dissolution of hydrogen
chloride in butoxybenzene at 293.15 k and 298.15 K. No other measurements for
dissolution of the gas in this solvent are available for comparison. The
corresponding mole fraction solubilities for a partial pressure of 101.3 kPa are
close to those for dissolution in ethoxybenzene. There is no reason to doubt
their reliability, within the limits of experimental error given by the author.

Solubidity i1n 1-methoxy-2-methylbenzene at a total pressure of 101.3 kPa over
the range 273.15 K to 316.45 K was measured by Gerrard & Macklen (1). The data
indicate that the presence of the methyl group adjacent to the ether linkage
reduces the mole fraction solubility relative to that in methoxy- and
ethoxybenzene. There 1s no reason to doubt the reliability of the data but no
other measurements on this system are available for comparison.

The solubility in 1,1'-oxybisbenzene was measured by O'Brien & King (11) at
298.15 K and 303.15 K and by Gerrard & Macklen (1) who reported solubilities at
101.3 kPa over the temperature range 273.15 K to 323.55 K. Matuszak (5)
reported the solubility at a pressure of 99.6 kPa at 307.0 K. There is poor
agreement between measurements by different authors as may be seen below:

Authors T/K XHel at 101.3 kPa total pressure.
Gerrard & Macklen (1) 298.15 0.0593 (interpolated)
303.15 0.0535
307.0 0.0496
O'Brien & King (11) 298.15 0.0486
303.15 0.0461
Matuszak (5) 307.0 0.0290

The measurement by Matuszak can be rejected because it is so much smaller than
values from the other sources. Gerrard's measurements are self consistent over
a range of seven temperatures and may be more reliable than those published by
0'Brien but further measurements on this system are needed for confirmation.

Chlorination of dialkyl ethers lowers the solubility of hydrogen chloride.
Gerrard & Macklen (1) measured the solubility in 1,1'-oxybis[2-chlorocethanel] at
a total pressure of 101.3 kPa from 273,15 K to 311.55 K. The contribution of
the vapor pressure of the solvent to the total pressure may be disregarded over
this temperature range. O'Brien (10) measured solubilities over pressure ranges
below barometric pressure at 293.15 K to 313.15 K. Mole fraction solubilities
are appreciably higher than values from the Raoult's law equation. Linear
extrapolation of O'Brien's data to a partial pressure of 101.3 kPa gives mole
fraction solubilities which are greater than values from Gerrard's measurements.
At 293.15 K O'Brien's value is 0.149 compared with Gerrard's value of 0.132. At
313.15 K the values are 0.0927 and 0.0766 respectively. If the variation in mole
fraction solubility with partial pressure of gas approximates to the Margules
equation then the above differences are partly due to errors from the linear
extrapolation of solubilities to a partial pressure of 101.3 kPa. Gerrardls
data are likely to be the more reliable for a partial or total pressure of

101.3 kPa.

Gerrard & Macklen (1) also measured solubilities in oxybis{chloromethanel} ,
1-chloro-1-(2-chlorcethoxy)ethane and in 1,1'-oxybis{3-chloropropane] at a total
pressure of 101.3 kPa over temperature ranges. The solubility in
1-chloro-1-(2-chloroethoxy)ethane is close to that in
1,1'-oxybis{2-chloroethane]. The effect of the chlorine in reducing solubility
of hydrogen chloride is greatest in oxybis{chloromethanel and least in
1,1'-oxybis[3-chloropropane]. No other measurements of solubility in these
three ethers are available for comparison but there 1s no reason to doubt their
reliability.
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Solubility in 1,4-dioxane at a total pressure of 101.3 kPa over the temperature
range 279.65 K to 312.85 K was also measured by Gerrard & Macklen. Solubilities
are close to those in dialkyl ethers under the same conditions and are likely to
be relatively insensitive to changes in partial pressure at pressures close to
101.3 kPa. A measurement by Matuszak at 305.4 K and a total pressure of

99.6 kPa is equivalent to a mole fraction solubilaty of 0.372 under these
conditions. Correction of this measurement to a partial pressure of 101.3 kPa
gives a value of 0.375, on the assumption that variation of pressure with
composition may be approximately represented by the Margules equation.
Interpolation of Gerrard's data to give a solubility at 307.4 k and correction
to a partial pressure of 101.3 kPa gives a value of the mole fraction solubilaty
of 0.401. Measurements of the solubility in other ethers reported by Matuszak
are lower than solubilities reported by other workers and, in this case also,
ought to be rejected in favour of the data reported by Gerrard & Macklen.

Gerrard & Macklen (1) also measured the solubility in tetrahydrofuran at a total
pressure of 101.3 kPa over the range 278.15 K to 304.35 K. The measurements
show that, under the conditions of the measurement the mole fraction solubility
1s higher than that in any other ether for which data are available. The
measurements are likely to be reliable but data from other workers are not
available for comparison.

Gerrard et al.(12) measured the solubility in 1,1,1-triethoxyethane at a total
pressure equal to 101.3 kPa over the range 279.15 K to 314.35 K. The mole
fraction solubility 1s 0.731 at 279.15 K but measurements show that there 1s a
marked decrease over this temperature range with a value of 0.322 at 314.35 K.
These authors also measured solubilities under similar conditions in
1,3-benzodioxole, 2,3-dihydro-1,4-benzodioxin, 3,4-dihydro-2H-1,2-benzodioxepain,
2-methyl-1,4-benzodioxan (12) and in phenol (13). All values of mole fraction
solubilities fall above the reference line corresponding to the Raoult's law
equation. No other data for these compounds are available for comparison.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kapoor, K.P.; Luckcock, R.G.;
[(7647-01-01 Sandbach, J.A.

(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100,

VARIABLES: PREPARED BY:

T/K: see below W. Gerrard
Total P/kPa: 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Mole Mole* Authors' smoothed Xy l*
ratio fraction data frog
"ye1/"2 *wel  "Hel/"2  *me1l  eduation

Methoxyethane, 231.15 2.91 0.744
(ethyl methyl ether); 233.15 2.93 0.746 0.789
C3H80; [540-67-0] 243.15 0.685

251.65 1.806 0.644

253.15 0.638

HCl = -2.154 + 4.317/(T/100)
(for use between 233.15 K and 253.15 K)
about the regression line = 9.98 x 1073

Smoothing equation: 1ln x

Standard error in *uel

* calculated by the compiler
** gmoothing equation and mole fractions from the equation were calculated
by H.L. Clever

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE : SOURCE AND PURITY OF MATERIALS: 4—7
The bubbler-tube technique described (1) Hydrogen chloride: a good
by Gerrard, Mincer and Wyvill (1) was specimen was obtained from a
used. For temperatures between 303 K cylinder, and dried.
and 253 K and LBI thermostat (2) 1,1'-oxybisethane, methoxy-
containing liquid paraffin was used. benzene, 1,1'-oxybisbutane,
For temperatures less than 253 K 1,1'-oxybis[3-methyl]-butane,
addition of small pieces of solid 1,1'-oxybispentane, 1,1'-oxybis-
carbon dioxide and manual stirring hexane and 1,1'-oxybisoctane
enabled the temperature to be were commercial samples.
maintained within 1 K. Por 273.15 K 1,1'-oxybisheptane was prepared
a slurry of i1ce and water was used. by the sulfuric acid method.

Other ethers were prepared from
For temperatures below 273.15 K it an alcohol, sodium and an alkyl
was assumed that the loss of solvent halide. All ethers were
by entrainment could be ignored. rigorously purified and attested.
After saturation at a recorded
temperature, the temperature was ESTIMATED ERROR:
lowered by 10 K and pyridine was §T/K = *0.5 (253-303 K)
carefully added drop-wise to fix the = *7 (< 253 K)
hydrogen chloride as the pyridinium GxHCl/xHcl = 0,02
salt., After treatment with water,
the chloride ion content was REFERENCES:
determined by the Volhard method or 1. Gerrard, W.; Mincer, A.M.A.;
by use of an automatic titrimeter. Wyvill, P.L.

J. Appl. Chem. 1959, 9, 89.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kapoor, K.P.; Luckcock, R.G.;
{7647-01-0) Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.
EXPERIMENTAL VALUES:
T/K Mole Mole* Authors' smoothed xHCl**
ratio fraction data from
Myer/n2 *gel ngc1/na  xycy  equation
1,1'-Oxybisethane 201.15 7.45 0.882
(diethyl ether); 203.15 6.80 0.872 0.868
C4H100; [60-29-7] 206.15 6.08 0.859
213.15 0.851
223.15 0.812
233.15 3.10 0.756 0.767
234.15 3.01 0.751
243.15 0.711
251.15 1.982 0.665
253.15 1.80 0.643 0.650
259.65 1.470 0.595
262.15 1.365 0.577
263.15 0.589
273.15 1.187 0.543 1.160 0.537 0.528
277.65 1.018 0.504
282.65 0.955 0.488
283.15 0.930 0.482 0.471
283.65 0.898 0.473
283.95 0.903 0.475
286.95 0.874 0.466
290.55 0.776 0.437
299.55 0.556 0.357

Smoothing equation: 1ln Xue1 = 19.385 - 23.089/(T/100) - 11.514 1n(T/100)
(for use between 203.15 K and 283.15 K)
Standard error in Xuel about the regression line = 1.50 x 10772

1-Methoxypropane, 203.15 5.70 0.851 0.843
(methyl propyl 204.65 5.43 0.844
ether); C4H1OO; 213.15 0.808
[557-17-5]) 215.65 3.91 0.796
223.15 0.765
233.15 2.55 0.718 2.45 0.710 0.715
243.15 0.663
253.15 1.45 0.592 0.610
255,15 1.325 0.570
263.15 0.558
273.15 1.069 0.517 1.085 0.520 0.508
282.65 0.913 0.477
283.15 0.896 0.473
283.15 0.896 0.473 0.461
283.35 0.891 0.471
297.35 0.609 0.378
Smoothing equation: 1n Xpel = 13.180 - 15.283/(T/100) - 8.222 1n(T/100)

(for use between 203.15 K and 283.15 K)
Standard error in XHel about the regression line = 1.78 x 1072

* calculated by the compiler
** smoothing equation and mole fractions from the equation were calculated
by H.L. Clever
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COMPONENTS ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCL; Kapoor, K.P.; Luckcock, R.G.;
[7647-01-0] Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.
EXPERIMENTAL VALUES:
T/K Mole Mole* Authors' smoothed XHCI**
ratio fraction data from
"ger/"2  *mer "mci/"2  *mc1  equation
1-Methoxypentane, 230.65 3.07 0.754
(methyl pentyl 233.15 2.70 0.730 0.734
ether); C6H14O; 243.15 0.677
[628-80-81 251.65 1.617 0.618
253.15 1.55 0.608 0.621
263.15 0.568
273.15 1.049 0.512 1.060 0.515 0.518
273.15 1.070 0.517
283.15 0.910 0.476 0.472
283.35 0.920 0.479
283.35 0.916 0.478
283.55 0.908 0.476
298.65 0.658 0.397

= 10.491 - 11.691/(T/100) - 6.835 1n(T/100)
(for use between 233.15 K and 283.15 K)
about the regression line = 9.52 x 1073

Smoothing equation: 1n Xucl

Standard error in x

HC1

2-Ethoxybutane, 198.15 6.14 0.860

(2-butyl ethyl 203.15 5.45 0.845 0.845

ether); C H14O; 209.15 4.81 0.828

12679-87-81 213.15 0.832
219,15 4.00 0.800
223.15 0.803
233.15 3.00 0.750 0.763
243.15 0.716
253.15 2.00 0.667 0.664
254.15 1.96 0.662
263.15 0.611
273.15 1.35 0.574 1.35 0.574 0.558
283.15 1.05 0.512 0.506
284.35 1.00 0.500
294,15 0.793 0.442

= 16.485 - 19.715/(T/100) - 9.804 1n(T/100)
(for use hetween 203.15 K and 283.15 K)
about the regression line = 1.56 x 1072

Smoothing equation: 1ln Xucl

Standard error in x

HC1
1,1'-Oxybispropane, 203.15 6.30 0.863 0.858
(dipropyl ether); 204.15 6.00 0.857
C6H140; [111-43-3] 213.15 0.837
213,65 4.84 0.829
223.15 0.801
233.15 3.00 0.750 0.753
233.65 3.35 0.770
243,15 0.699
253.15 1.70 0.630 0.642
253,65 1.649 0.622
263.15 0.584
273.15 1.109 0.526 1.110 0.526 0.527
282.65 0.918 0.479
282.95 0.901 0.474
283.15 0.920 0.479 0.473
283.35 0.900 0.474
298,35 0.653 0.395

HCl = 17.491 - 20.745/(T/100) - 10.486 1ln(T/100)
(for use between 203.15 K and 283.15 K)
about the regression line = 1.10 x 1072

Smoothing equation: 1ln x
Standard error in Xuecl
* calculated by the compiler

** smoothing equation and mole fractions from the equation were calculated

by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Kapoor, K.P.; Luckcock, R.G.;
[7647-01-0) Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.
EXPERIMENTAL VALUES: T/K Mole Mole¥ Authors’ smoothed x, lﬁ_
ratio fraction data frog
"ye1/m> *Hel Tgc1/"2  ¥yc1  eduation
1-Methoxyhexane, 203.15 6.90 0.873 0.881
(hexyl methyl ether); 206.15 6.68 0.870
C,H, 60} [4747-07-3]) 213.15 4.64 0.823 0.831
223.15 0.778
232.15 2.93 0.746
233.15 2.50 0.714 0.723
243.15 0.668
251.95 1.505 0.601
253.15 1.50 0.600 0.615
263.15 0.564
273.15 1.060 0.515 1.060 0.515 0.517
283.15 0.918 0.479 0.900 0.474 0.472
283.75 0.900 0.474
289.95 0.827 0.453
297.95 0.667 0.400
Smoothing equation: 1ln Xye1 = 9.712 - 10.777/(T/100) - 6.396 1ln(T/100)
(for use between 203.15 K and 283.15 K)
Standard error in *Hel about the regression line = 1.36 x 1072
1-Propoxybutane, 203.15 6.50 0.867 0.862
(butyl propyl ether); 203.65 6.17 0.861
C4H, 605 [3073-92-5] 213.15 0.834
213.65 4.80 0.828
223.15 0.796
233.15 3.15 0.759 0.750
234.15 3.24 0.764
243.15 0.701
250.45 1.820 0.645
253.15 2.00 0.667 0.650
263.15 0.598
273.15 1.199 0.545 1.215 0.549 0.548
273.15 1.223 0.550
282.75 1.030 0.507
283.65 1.013 0.503
283.15 1.020 0.505 0.500
283.95 0.975 0.494
294.35 0.821 0.451
297.75 0.750 0.429
Smoothing equation: 1ln xy ., = 13.255 - 15.510/(T/100) - 8.139 1n{(T/100)
(for use between 203.15 XK and 283.15 K)
Standard error in Xue1 about the regression line = 1.01 x 10”2
1-Methoxyheptane, 200.15 6.67 0.870
(heptyl methyl 203.15 6.20 0.861 0.862
ether); C8H180; 213.15 0.818
[629-32-3]) 214.15 4,31 0.812
223.15 0.769
233.15 2.45 0.710 0.717
234.15 2.76 0.734
243.15 0.665
249.65 1.554 0.608
253.15 1.45 0.592 0.613
263.15 0.562
273.15 1.041 0.510 1.040 0.510 0.515
283.15 0.905 0.475 0.895 0.472 0.469
283.35 0.899 0.473
283.55 0.890 0.471
297.15 0.686 0.407

Smoothing equation: 1ln Xge1 = 10.724 - 12.136/(T/100) - 6.912 1n(T/100)
(for use bhetween 203.15 K and 283.15 K)

Standard error in Xpel about the regression line

* calculated by the compiler;
and mole fractions from the equation were calculated by H,L, Clever

= 1.36 x 10

** smoothing equation

-2
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COMPONENTS: ORIGINAL MEASUREMENTS
(1) Hydrogen chloride; HCl; Kapoor, K.P.; Luckcock, R.G.;
[7647-01-0] Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.
EXPERIMENTAL VALUES:
T/K Mole Mole* Authors' smoothed Xy l**
ratio fraction data fro%
"uc1/"2 *Hel nge1/n2  Xgel  eduation
1,1'-Oxybisbutane, 198.15% 7.28 0.879
(dibutyl ether}; 203.15 6.20 0.861 0.873
C8H1BO; [142-96-1] 205.65 5.93 0.856
213.15 0.844
223.15 0.802
230.65 3.35 0.770
233.15 2.70 0.730 0.750
235.15 3.09 0.756
235.65 3.06 0.754
243,15 0.693
252.95 1.59 0.614
253.15 1.60 0.615 0.634
263.15 0.576
273.15 1.048 0.512 1.055 0.513 0.519
283.15 0.841 0.457 0.850 0.459 0.465
283.35 0.848 0.459
296.15 0.693 0.409
296 .55 0.674 0.403
Smoothing equation: 1ln Yol = 16.533 - 19.420/(T/100) - 10.032 1n(T/100)

(for use between 203.15 K and 283.15 K)

Standard error in x about’ the regression line = 1.36 x 1072

HC1
1-Methoxyoctane, 232.65 2.67 0.728
(methyl octyl ether); 233.15 2.55 0.718 0.726
C9H200; [929-56-6) 243.15 0.682
243,45 2.14 0.682
253.15 1.45 0.592 0.632
263,15 0.579
273.15 1.097 0.523 1.080 0.519 0.525
282,15 0.917 0.478
282.45 0.915 0.478
282.65 0.913 0.477
283.15 0.905 0.475 0.473
288.65 0.797 0.444
Smoothing equation: 1n Xuel © 16.533 - 19.420/(T/100) - 10.032 1n(T/100)
(for use between 233.15 K and 283.15 K)
Standard error in Xuel about the regression line = 1.78 x 1073
1,1'-Oxybispentane, 200.15 6.80 0.872
(dipentyl ether); 209.15 5.19 0.838
C10H220, [693-65-2) 213.15 4.91 0.831 0.833
223.15 0.793
231.15 3.17 0.760
233.15 2.80 0.737 0.744
243,15 0.689
244.15 2.05 0.672
253.15 1.65 0.623 0.631
255,65 1.529 0.605
263,15 1.377 0.579 0.574
273.15 1.105 0.525 0.518
273.95 1.086 0.521
283.15 0.900 0.474 0.464
283.55 0.894 0.472
283,75 0.879 0.468
298.05 0.614 0.380

el = 16.682 -~ 19.668/(T/100) - 10.091 1n(T/100)
(for use between 213.15 K and 283.15 K)
Standard error in Xucl about the regression line = 9.95 x 1073

* calculated by the compiler; ** smoothing equation
and mole fractions from the equation were calculated by H.L. Clever.

Smoothing equation: 1ln x
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kapoor, K.P.; Luckcock, R.G.;
[7647-01-01 Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.
EXPERIMENTAL VALUES:
T/K Mole Mole* Authors' smoothed chl**
ratio fraction data from
”Hcl/"z XHel "Hcl/"2 Xyl equation
1,1'-0Oxybis- 194.65 6.31 0.863
[3-methyl]butane, 196.15 6.06 0.858
(di11soamyl ether); 203.15 5.10 0.836 0.852
C10H220; [544-01-4]) 209.15 4.40 0.815
213.15 0.838
223.15 0.801
231.15 2.82 0.738
233.15 2.55 0.718 0.748
243,15 0.706
244,15 1.94 0.660
253.15 1.60 0.615 0.619
263.15 0.551
272.95 1.103 0.524
273.15 1.025 0.506 0.485
283.15 0.800 0.444 0.424
288.15 0.708 0.415
293.15 0.367
303.15 0.316
306.75 0.405 0.288
307.45 0.403 0.287
313.15 0.270
Smoothing equation: 1n x,., = 23.711 - 28.359/(T/100) - 13.984 1n(T/100)
(for use between 203.15 K and 313.15 K)
Standard error in Xue1 about the regression line = 2.72 x 107°
1-Pentyloxyhexane, 197.65 8.87 0.899
(pentyl hexyl ether); 203.15 6.80 0.872 0.881
C11H24O; [{32357-83-8] 210.65 5.25 0.840
213.15 0.852
223.15 0.809
229.65 3.68 0.786
231.15 3.52 0.779
233.15 3.00 0.750 0.755
243.15 0.696
253.15 1.65 0.623 0.634
253.65 1.507 0.601
263.15 0.572
273.15 1.080 0.519 0.513
274,15 1.057 0.514
283.15 0.890 0.471 0.457
283.65 0.875 0.467
283,95 0.870 0.465
296.95 0.620 0.383
299.65 0.571 0.363
Smoothing eguation: 1ln Xjey = 17.865 - 21.023/(T/100) - 10.784 1n(T/100)

(for use between 203,15 K and 283.15 K)

Standard error in Xnel about the regression line = 1.78 x 1072

* calculated by the compiler

** smoothing equation and mole fractions from the equation were calculated

by H.L. Clever.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Kapoor, K.P.; Luckcock, R.G.;
[7647-01-0] Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.
EXPERIMENTAL VALUES: T/K Mole Mole* Authors' smoothed x l**
ratio fraction data frgS
Tuc1/m2 *Hel ngc1/ny  Xyey  equation
1,1'-Oxybishexane, 198.15 8.37 0.893
(dihexyl ether); 203.15 6.60 0.868 0.874
C12H260; [112-58-3] 211,65 5.07 0.835
213.15 0.847
223.15 0.805
233.15 3.03 0.752 2.85 0.740 0.752
240.15 2.67 0.728
243.15 0.694
253.15 1.65 0.623 0.634
254,65 1.490 0.598
263.15 1.353 0.575 0.573
273.15 1.109 0.526 1.090 0.522 0.515
283.15 0.877 0.467 0.895 0.472 0.459
289.55 0.780 0.438
296.95 0.632 0.387
301.15 0.561 0.359
Smoothing equation: 1n x = 17.576 - 20.702/(T/100) 10.610 1n(T/100)

HC1

(for use between 203,15 K and 283.15 K)
standard error in x,., about the regression line = 1.53 x 1072
1,1'-0Oxybisheptane, 201.15 7.32 0.880
(diheptyl ether); 203.15° 6.80 0.872 0.867
C14H3OO; [629-64-1) 212.65 5.11 0.836
213.15 0.847
223.15 0.808
226.15 3.75 0.789
233.15 3.10 0.756 0.757
243.15 0.699
249.65 1.830 0.647
253.15 1.70 0.630 0.636
263.15 0.573
273.15 1.076 0.518 1.100 0.524 0.512
283.15 0.909 0.476 0.905 0.475 0.454
296.55 0.605 0.377
297.65 0.583 0.368

Smoothing equation: 1ln Xpey = 19.856 - 23.594 /(T/100) - 11.830 1n{(T/100)
(for use between 203.15 K and 283.15 K)

Standard error in x about the regression line = 1.47 x 1072

HC1
1-Heptyloxyoctane, 200.65 6.94 0.874
(heptyl octyl ether); 203,15 6.60 0.868 0.865
Cqy5H3,00 [32357-84-9] 213.15 5.10 0.836 0.842
223,15 0.802
233.15 3.11 0.757 3.00 0.750 0.751
243,15 0.693
251,15 1.719 0.632
253,15 1.70 0.630 0.633
258,65 1.423 0.587
263.15 0.572
273,15 1.094 0.522 1.100 0.524 0.513
282,95 0.914 0.478
283.15 0.900 0.474 0.457
283.95 0.854 0.461
297.55 0.605 0.377
298.15 0.594 0.373

Hel = 18.334 - 21.692/(T/100) - 11,006 1ln{(T/100K)
(for use between 203.75 K and 283.15 K)
Standard error in x 1 about the regression line = 1.23 x 1072

* calculated by the compilgg * smoothing equation and mole

fractions from the equation were calculated by H.L. Clever.

Smoothing equation: 1ln x
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kapoor, K.P.; Luckcock, R.G.;
{7647-01-0] Sandbach, J.A.
(2) Ethers J. Appl. Chem. Biotech. 1971,
21, 97-100.

EXPERIMENTAL VALUES:

T/K Mole Mole* Authors' smoothed Xy 1**
ratio fraction data fro%
"ge1/"2  Xwcl "mc1/"2  ¥mc1  eduation
1,1'-0Oxybisoctane, 198.15 9.55 0.905
(dioctyl ether); 200.15 7.48 0.882
CigH340; [629-82-31  203.15 7.20 0.878  0.888
213.15 0.859
223.15 0.815
233,15 3.20 0.762 0.760
242.15 2.46 0.7M11
243.15 0.699
253.15 1.75 0.636 0.635
257.15 1.525 0.604
257.15 1.396 0.583
263.15 0.572
272.15 1.111 0.526
273.15 1.080 0.519 0.511
283.15 0.878 0.468 0.878 0.468 0.453
283.55 0.870 0.465
299.55 0.548 0.354

Smoothing equation: 1n Xge1 = 18.591 - 21.892/(T/100K) - 11.1941n(T/100K)
(for use between 203.15 K and 283.15 K)
Standard error in Xuel about the regression line = 1.69 x 1072

Methoxybenzene, 195.65 4.50 0.818

(anisole); C7H80; 203.15 2.80 0.737 0.762

[100-66-31] 211.65 1.79 0.642
213.15 0.677
223.15 0.580
231,15 0.960 0.490
233.15 0.90 0.474 0.485
243,15 0.395
252.65 0.478 0.323
253.15 0.50 0.333 0.317
263.15 0.250
273.15 0.25 0.200 0.195
277.15 0.228 0.186
283.15 0.16 0.138 0.151
286,25 0.158 0.136
295.05 0.120 0.107
302.35 0.100 0.090

Smoothing equation: 1ln Xpcy = 33.800 - 38.791/(T/100) - 21.130 1ln(T/100)

(for use between 203.15 K and 302.35 K)

Standard error in x 1 about the regression line = 9.11 x 10”3

HC

* calculated by the compiler

** gmoothing equation and mole fractions from the eguation were calculated
by H.L. Clever.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Schunke, J.
[7647-01-0]

Z. Phys. Chem. 1894, 14,
(2) 1,1'-Oxybisethane or diethyl 331 - 345.
ether; C4H1007 [60‘29-7]

VARIABLES: R
T/K: 263.95 - 303.15 PREPARED BY:

Total P/kPa: 97.1 - 98.7 W. Gerrard
(728 -~ 740 mmHg)

EXPERIMENTAL VALUES:

T/K Hydrogen Hydrogen Hydrogen Mol Ratio Mol Fraction
Chloride + Chloride Chloride
Diethyl Ether nj/nj, x]
(W1l + Wtp)/g Wty/g g g-i
263.95 1.1770 0.43617 0.3705
1.7330 0.6570 0.3796
1.4565 0.56757 0.3752
0.3751 av. 1.219 0.549
273.55 2.3430 0.8395 0.35407
1.5170 0.53472 0.35246
2.00 0.7117 0.35585
0.3541 av. 1.115 0.527
287.95 1.9420 T 0.5402 0.2781
1.242 0.34675 0.2792
1.4370 0.39787 0.2768
0.2780 av. 0.782 0.439
303.15 2.5890 0.5037 0.1945
2.7895 0.54385 0.1949
0.1947 av. 0.491 0.329

The values of mole ratio and mole fraction were calculated by the

compiler.
AUXILIARY INFORMATION

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

Hydrogen chloride was passed as a (1) Hydrogen chloride. Prepared from
slow stream through 50 cm? of ether rock salt and sulfuric acid, and
in a wide-necked flask of 100 cm?® dried by sulfuric acid and
capacity. The prevailing pressure calcium chloride.

was barometric, 728 ~ 740 mmHg

(97.1 - 98.7 kPa). (101.325 kPa = (2) biethyl ether. Purified by a

760 mmHg) standard technique and dried

over sodium. It had a specific

The amount of hydrogen chloride gravity of 0.72396 at 285.15 K
absorbed was determined by an alkali

titration.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS :
(1) Hydrogen chloride; HCl;
[7647-01~0]

(2) 1,1'~Oxybisethane or diethyl

ORIGINAL MEASUREMENTS:

Chesterman, D. R.

J. Chem. Sce. 1935, 906 =~ 910.

ether; C4H100; [60-29-7])
VARIABLES: PREPARED BY:
T/K: 298.15
Total P/kPa: 101 (nvl atm) W. Gerrard
EXPERIMENTAL VALUES:
T/K Observed Solubility Mol Fraction
Pressure g HCL g~! Solution xy
p/mmHg
298.15 760 0.22 0.36

The mole fraction value was calculated by the compiler.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The apparatus was that used for the
conductivity. A sample of the
saturated solution was removed,
weighed, the hydrogen chloride was
reacted with excess standard base
which was back titrated with
standard acid solution.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared
from conc. sulfuric acid and
pure sodium chloride. Passed
through sulfuric acid and over
PZOS'

Was stated to be
Freed
and

(2) Diethyl ether.
the purest obtainable.
from alcohol and acetone,
dried with sodium, b.p./°C
(765 mmHg) = 35.5.

ESTIMATED ERROR:

REFERENCES:
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Mirsaidov, U.; Dzhuraev, Kh.Sh.;
[7647-01-0} Semenenko, K. N.
(2) 1,1'~-Oxybisethane or diethyl Dokl. Akad. Nauk Tadzh. SSR
ether; C4H100; [60~29-7] 1975, 18, 30 - 31.
VARTABLES : PREPARED BY:
T/K = 273.15, 298.15 W. Gerrard
p,/kPa = 101.325 (1 atm)

EXPERIMENTAL VALUES:

T/K Hydrogen Chloride Mol Ratio Mol Fraction
2
10 wl/wt% nz/nZ z,
273.15 26.5 0.732 0.423
298.15 17.0 0.416 0.294

was weight per cent to calculate the

The authors labeled the HCl1l content as HC1,

%. The compiler assumed this
mole ratio and mole fraction.

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

Hydrogen chloride was passed into the
liquid until the concentration
remained constant. The amount dis-
solved was determined by an alkali
titration. The final pressure was
presumably a total pressure equal to
the atmospheric pressure.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Obtained
from its concentrated agqueous
solution by treatment with
concentrated sulfuric acid.

(2) 1,1'-Oxybisethane. Not stated.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-0]
J. Appl. Chem. 1960, 10, 57-62.
(2) Ethers
VARIABLES: PREPARED BY:
T/K: See below W. Gerrard

Total P/kPa : 101.325 (1 atm)
EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**

nHCl/nether fiaction mole fraction
HC1 *Hel

1-Methoxybutane, 273.15 1.030 0.507 0.507
(butyl methyl ether); 277.55 0.962 0.490
C5H1207 [628-28-4) 280.95 0.915 0.478

283.15 0.468

285.55 0.845 0.458

289.15 0.792 0.442

293.15 0.741 0.426 0.426

Smoothing equation: 1ln x

273.15
279.05
281.75
283.15
283.75
287.55
290.45
293.15
297.15
303.15

1,1'-Oxybis propane,
(dipropyl ether);

C6H14O; [111-43-3]

Smoothing equation: 1ln x = 39.791

Standard error in XHel

* calculated by the compiler

** smoothing equation and smoothed values were calculated by H.L. Clever

= 31.559 - 41.243/(T/100)
Standard error in Xucl about the regression line = 8.23 x 10~"

- 52.612 /(T/100)
about the regression line =

- 17.056 1n(T/100)

1.157 0.536 0.536
1.055 0.513
1.012 0.503

0.496
0.970 0.492
0.915 0.478
0.862 0.463

0.450
0.757 0.431

0.402

- 21.052 1n(T/100)
1.16 x 1073

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE:

The method and procedure were
described by Gerrard and Macklen (1).
The amount of gas absorbed by a
measured weight of solvent was
determined by re-weighing the
bubbler tube to constant weight.

the measured total pressure was
barometric, very nearly 101.325 kPa.
The temperature control was within
0.1 K.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride: self-

prepared and dried.
(2) Ethers: purified by known
methods; purity attested by
boiling point and refractive
index; distilled into the
absorption vessel just before
use.

ESTIMATED ERROR:

ST/K = 0.1
GXHCl/XHCl = $0.005 to 0.025
REFERENCES:

1. Gerrard, W.; Macklen, E.D.
J. Appl. Chem., 1956, 6, 241.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-0)

J. Appl. Chem. 1960, 10, 57-62.
(2) Ethers

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
"HCl/nether f:action mole fraction
Hel *Hel
1,1'-Oxybisbutane, 273.15 1.061 0.515 0.511
(dibutyl ether); C8H180; 278.35 0.971 0.493
[(142-96-1] 281.25 0.922 0.480
283.15 0.475
291.25 0.762 0.432
293.15 0.423
297.65 0.663 0.399
303.15 0.364
303.35 0.575 0.365
310.85 0.467 0.318
313.15 0.303
313.75 0.423 0.297

Smoothing equation: ln x 1 = 75.759 - 102.235/(T/100) - 38.813 1n(T/100)
Standard error in x about the regression line = 3,14 x 10°3

HC1
1,1'-0Oxybispentane, 273.15 0.516
(dipentyl ether); C10H220; 278.85 0.992 0.498
[693-65-2] 283.15 0.480
284.15 0.901 0.474
N 290.35 0.799 0.444
293.15 0.430
295.85 0.709 0.415
301.05 0.632 0.387
303.15 0.374
304.95 0.575 0.365
308.85 0.515 0.340
313.15 0.317

Smoothing equation: 1ln XHe1l = 65.285 - 87.839/(T/100) - 33.625 1n(T/100)
Standard error in x 1 about the regression line = 1.30 x 1073

HC
1,1'-Oxybis [3-methyl butane], 273.15 0.994 0.498 0.497
(di11sopentyl ether); C10H220; 278.65 0.881 0.468
[544-01-4) 282.75 0.818 0.450
283.15 0.447
286,85 0.740 0.425
290.75 0.676 0.403
293.15 0.386
297.15 0.559 0.359
303.15 0.321

Smoothing equation: 1n x
Standard error in x

= 79.232 - 105.846/(T/100) - 40.983 1n(T/100)

HCl .pout the regression line = 2,45 x 10-3

HC1
Methoxybenzene, 279.85 0.182 0.154
(methyl phenyl ether, 283.15 0.137
anisole); C7H80; [100-66-3) 290.35 0.124 0.110
293.15 0.101
296.15 0.103 0.0934
303.15 0.0785
304.35 0.082 0.0758
313.15 0.0647
313.65 0.068 0.0637
321.65 0.061 0.0575
323.15 0.0561
Smoothing eguation: ln x = -89.382 + 135.432/(T/100) + 38.016 1ln(T/100)

Standard error in XHel about the regression line = 9,29 x 10~*

* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCLl; Gerrard, W.; Macklen, E.D.
[7647-01-0]

J. Appl. Chem. 1960, 10, 57-62.
(2) Ethers

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/"ether fraction mole fraction
*He1 *ucl

1-Methoxy-2-methylbenzene, 273.15 0.181 0.153 0.152
(methyl o-tolyl ether); 277.65 0.147 0.128
C8H1OO; [578-58-5] 283.15 0.112

284.35 0.126 0.112

288.15 0.108 0.0975

293.15 0.0860

296.15 0.086 0.0792

302.75 0.076 0.0706

303.15 0.0691

308.75 0.064 0.0602

313.15 0.0577

316.45 0.059 0.0557

323.15 0.0498
Smoothing equation: 1n Xpel = -56.671 + 87.230/(T/100) + 22.744 1n(T/100)

Standard error in *He1 about the regression line = 2.70 x 10~°

(Methoxymethyl) benzene, 273.15 0.463
(benzyl methyl ether); 278.95 0.784 0.439
C8H1OO; [538-86-3] 280.65 0.766 0.434

283.15 0.421

284.85 0.712 0.416

284.65 0.696 0.410

291.75 0.608 0.378

293.15 0.371

297.35 0.537 0.349

302.35 0.474 0.322

303.15 0.318
Smoothing equation: 1ln x = 60.979 - 81.245/(T/100) - 31.851 1ln(T/100)

Standard error in Xuel about the regression line = 2.64 x 107°

Ethoxybenzene, (phenyl ethyl 282.75 0.177 0.150
etheri phenetole); C8H100; 283.15 0.149
[103-73-1] 290.55 0.142 0.124

293.15 0.115

298.15 0.112 0.101

303.15 0.0902

305.15 0.097 0.0884

311.25 0.079 0.0732

313.15 0.0718

322.95 0.062 0.0584

323.15 0.0580
Smoothing equation: 1ln x = -9,547 + 21.649/(T/100)

Standard error in XHC1 about the regression line = 1.65 x 107°%

* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS @ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-01

J. Appl. Chem. 1960, 10, 57-62.
(2) Ethers

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/nether fraction mole fraction
*Hel *HC1
(Ethoxymethyl) benzene, 282.35 0.737 0.424
(benzyl ethyl ether); 283.15 0.419
C9H120: {539-30-0] 288.25 0.658 0.397
289.15 0.649 0.394
293.15 0.376
300.15 0.504 0.335
303.15 0.321
304.85 0.456 0.313
309.75 0.398 0.285
313.15 0.261
314.05 0.343 0.255
319.35 0.288 0.224
323.15 0.204

Smoothing equation: 1ln Xpe1 = 105.948 - 145.039/(T/100) - 53.416 In(T/100)
Standard error in x about the regression line = 3.04 x 1073

HC1
(Butoxymethyl) benzene, 273.15 0.810 0.448 0.448
{(benzyl butyl ether); - 277.25 0.764 0.433
C11H160; [588-67-0] 282.15 0.695 0.410
283.15 0.407
287.85 0.621 0.383
292.85 0.556 0.357
293.15 0.355
298.05 0.486 0.327
303.15 0.299
307.75 0.379 0.275
310.55 0.348 0.258
313.15 0.245
Smoothing equation: 1ln x = 73.440 - 98.334/(T/100) - 38.058 1ln(T/100)
Standard error in Xnel about the regression line = 9.24 x 107*
1,1'-0Oxybisbenzene 273,15 0.117 0.105 0.105
(diphenyl ether); C12H100; 280.15 0.094 0.0859
[101-84-8] 283.15 0.0824
290.25 0.076 0.0706
293.15 0.0659
298.65 0.065 0.0610
303.15 0.0535
307.15 0.052 0.0494
313.15 0.0440
314.35 0.045 0.0431
323.55 0.037 0.0357
323.15 0.0367
Smoothing equation: 1ln x = -9.,038 + 18.524/(T/100)

Standard error in XHel about the regression line = 1.57 x 10732

* calculated by the compiler
** gmoothing equation and smoothed values were calculated by H.L. Clever




Hydrogen Chloride in Non-Aqueous Solvents 171

COMPONENTS ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[7647-01-0]

J. Appl. Chem. 1960, 10, 57-62.
(2) - Ethers

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
nHCl/nether fraction mole fraction
*HC1 *Hel

1,1'-{Oxybis{methylene)lbis- 273.15 0.643 0.391 0.389
benzene, (dibenzyl ether); 277.65 0.597 0.374
C14H140; [103-50-4] 280.35 0.569 0.363

283.15 0.352

284.65 0.526 0.345

287.35 0.500 0.333

292.95 0.446 0.308

293.15 0.309

299.75 0.390 0.281

303.15 0.263

305.95% 0.338 0.253

312.95 0.279 0.218

313.15 0.219

Smoothing equation: 1ln x 1 = 61.356 - 81.792/(T/100) - 32.199 1n(T/100)
Standard error in XHe1 about the regression line = 2.01 x 107?

Tetrahydrofuran; C4H80; 273.15 0.624
[109-99-9] 278.15 1.545 0.607
279.35 1.505 0.601
283.05 1.382 0.580
283.15 0.581
288.15 1.226 0.551
290.55 1.145 0.534
293.15 0.515
296.85 0.949 0.487
302.35 0.793 0.442
303.15 0.436
304.35 0.745 0.427
Smoothing equation: 1n Xpel © 91.037 - 123,087/(T/100) - 46.223 1n(T/100)
Standard error in x,q] about the regression line = 1.05 x 102
1,4-Dioxane; C4H802; 273.15 0.548
[123-91-1]} 279.65 1.134 0.531
283.15 0.517
284,85 1.031 0.508
289.85 0.944 0.486
293.15 0.470
296,65 0.819 0.450
302.35 0.721 0.419
303.15 0.414
308.35 0.625 0.385
312.85 0.549 0.354
313.15 0.354

= 67.100 - 90.850/(T/100) - 34.276 1ln(T/100)

smqothing equation: 1ln x
about the regression line = 1.92 x 10~°

Standard error in xHCl

HC1

* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever




172 Hydrogen Chloride in Non-Aqueous Solvents

COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Gerrard, W.; Macklen, E.D.
[(7647-01-01

J. Appl. Chem. 1960, 10, 57-62.
(2) Ethers

EXPERIMENTAL VALUES:

T/K Mole ratio Mole* Smoothed**
"HCl/nether fiaction mole fraction
HC1 *uc1
Oxybis [chloromethanel, 273.15 0.072 0.0672 0.0669
(dichloromethyl ether): 277.35 0.059 0.0557
C2H4C120: [542-88-1] 283.15 0.0460
286.55 0.044 0.0421
292.15 0.038 0.0366
293.15 0.0360
Smoothing equation: 1ln x = -187.524 + 268.,433/(T/100) + 86.128 1n(T/100)

HCl

HC1 about the regression line = 6.93 x 107"

Standard error in x

1-Chloro-1-(2-chloroethoxy) 273.15 0.242
ethane, (aB-dichloroethyl 279.85 0.247 0.198
ether); C4H8C120; [1462-34-6] 283.15 0.180
284.85 0.206 0.171
285.75 0.201 0.167
291.45 0.167 0.143
293.15 0.135
. 295.55 0.145 0.127
298.05 0.134 0.118
303.15 0.103
309.65 0.093 0.0851
313.15 0.0783
318.15 0.074 0.0689
323.15 0.0601

Smoothing equation: 1n xp., = 10.599 - 5.264/(T/100) - 10.044 1n(T/100)
Standard error in x, o) about the regression line = 6.67 x 10°*%

1,1'~Oxybis [2-chloroethane], 273.15 0.297 0.229 0.228
(BB'-dichloroethyl ether); 283.15 0.174
C4H8C120; [111-44-4] 284.15 0.202 0.168

288.85 0.175 0.149

293.15 0.132

297.65 0.133 0.117

303.15 0.114 0.102 0.101

306.45 0.100 0.0909

311.55 0.087 0.0800

313.15 0.0766

Smoothing equation: 1n Xuel = 23,200 - 23.438/(T/100) - 16.018 1n(T/100)
Standard error in Xucl about the regression line = 1.09 x 107°?

1,1'-0xybis [3-chloropropane], 273.15 0.391 0.281 0.285
(YY'-dichloropropyl ether); 283.15 0.213
C6H12C1207 [629-36-7] 283,55 0.269 0.212

290.85 0.213 0.176

293.15 0.159

298.15 0.162 0.139

303.15 0.119

303.45 0.131 0.116

313.15 0.0895

314.15 0.090 0.0826

323,15 0.075 0.0698 0.0634
Smoothing equation: 1ln Xue1 = 21,558 - 20.124/(T/100) - 15.370 1n(T/100)

Standard error in x about the regression line = 4.64 x 1073

HC1
* calculated by the compiler
** smoothing equation and smoothed values were calculated by H.L. Clever
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Kapoor, K. P.; Luckcock, R. G.;
[7647-01-0] Sandbach, J. A.
(2) l-methoxybutane or butyl methyl J. Appl. Chem. Biotech. 1971,
ether; C5H120; [628-28-4] 21, 97 - 100.
VARIABLES: PREPARED BY:
T/K: 203.15 - 296.55 W. Cerrard

Total P/kPa: 101.325 (1 atm)

(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES: T/K Mol Ratio Mol Fraction
ny/n, !
763.15 5,98 0857
214.15 4.11 0.804
%gg'ig i'ggg 8'232 The mole fraction
256.65 10312 0.567 solubility values
273.15  1.075 0.518 were calculated
282.95 0.908 0.476 by the compiler.
283.15 0.895 0.472
283.15 0.907 0.476
296.15 0.685 0.407
296.55 0.688 0.408

For use between 203.1
1n Xy = 8.308 - 9.080
Standard error about

Smoothed Data:

5 and 293.15 K.
/(T/100K) - 5.635 1n (T/100K)

the regression line is 9.71 x 1073

T/K Author'’s Smoothed Data Compiler's Eqn.
Mol Ratio Mol Fraction Mol FPraction

ny/ny T *1
203.15 6.00 0.857 0.856
213.15 0.805
223.15 0.753
233.15 2.45 0.710 0.700
243.15 0.649
253.15 1.45 0.592 0.599
263.15 0.552
273.15 1.075 0.518 0.507
283.15 0.907 0.476 0.466
293.15 0.427

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

The bubbler~tube technigque described
by Gerrard, Mincer, and Wyvill (1)
was used. For temperatures between
303 and 253 an LBI thermostat con-
taining liquid paraffin was used.
For temperatures less than 253 K
addition of small pieces of solid
carbon dioxide and manual stirring
enabled the temperature to be main-
tained within #1 K. For 273.15 K

a slurry of ice and water in a vacuum
flask was used.

For temperatures below 273.15 K it
was assumed that the loss of solvent
by entrainment could be ignored.
After saturation at a recorded
temperature, the temperature was
lowered by 10 K and pyridine was
carefully added drop-wise to fix the
hydrogen chloride as the pyridinium
salt. After treatment with water,
the chloride ion content was
determined by the Volhard method or
by use of an automatic titrimeter.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. A good
specimen was obtained from a
cylinder, and dried.

(2) Butyl methyl ether. Prepared
from l-butanol, sodium, and
iodomethane. The ether was
rigorously purified and attested.

ESTIMATED ERROR:

§T/K = +0.5 253 - 303 K
= %] <253 K
le/xl = 0.02

REFERENCES:

l. Gerrard, W.; Mincer, A. M. A.;
Wyvill, P. L.
J. Appl. Chem. 1959, 9, 89.
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COMPONENTS :
(1) Hydrogen chloride; HC1;
[7647-01~0]

(2) 1l-Methoxybutane or butyl methyl
ether; CgH;,0; [628-28-4]

ORIGINAL MEASUREMENTS:

Kapoor, K. P.; Luckcock, R. G.:;
Sandbach, J. A.
J. Appl. Chem. Biotech.
21, 97 - 100.

1971,

EXPERIMENTAL VALUES:

Variation of temperature and pres-
sure at constant mole fraction.

T/K Pressure Mol Fraction

pl/mmHg zqy
232.95 55 0.405
239.25 76

249.65 112
259.95 175
266.45 227
273.15 300
279.95 414
286.25 550
293.25 724
299.95 940

228.45 67.7 0.450
235.45 96.5

245.45 154.2

253.75 218

261.15 306.5 .
265.45 366.5

273.15 499

281.25 692.2

290.35 1003

222.35 83 0.490
230.35 122.5

239.35 180.5

249.15 275

257.85 399.2

265.05 526

272.15 695.5

281.55 974

288.55 1363

217.75 103.2 0.536
225.35 143

231.35 194.5

242.15 323.5

253.65 511.5

260.45 665.5

267.45 844.5

272.05 1003

281.95 1409

Variation of pressure and mole
fraction at constant temperature.

T/K Pressure Mol Fraction

p, /mmHg zq
233.45 53.7 0.411
84 0.455
133 0.494
206.5 0.539
760 0.688
243.85 88.7 0.411
142 0.455
217 0.494
343 0.538
760 0.635
256.35 150 0.410
250.5 0.454
372.5 0.492
565 0.537
760 0.574
270.25 273.5 0.409°
444.5 0.452
656 0.491
760 0.508
944 0.535
286.15 537 0.407
760 0.440
833 0.450
1210 0.487
1698 0.531

Continued on next page. Variation of
mole fraction solubility with temp-
erature at one atm HCl pressure.
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COMPONENTS ¢ ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Ionin, M. V.; Shverina, V. G.
[7647-01-0]

Zh. Obsheh. Khim. 1965, 35, 209-211.
(2) 1,1'-Oxybisalkanes; C4H100,

CgH140, and CgHjgO J. Gen. Chem. USSR (Engl. Transl.)
1965, 35, 211 - 212.

VARIABLES: .
T/K: 298.15 PREPARED BY:

Total P/kPa: 101.3 (atmospherid) W. Gerrard

EXPERIMENTAL VALUES:

T/K Refractive Solution Mol Ratio Mol Fraction

Index! Density
négs o/g cm™? ny/nj zy

1,1'-Oxybisethane or diethylether; CyH,40; [60~29-7]

298.15 1.3523 0.8133 0.802 0.445
2,2'-Oxybispropane or di-isopropyl ether; CgHj40;
[108-20-3]

298.15 1.3660 0.8086 0.799 0.444
1,1'-Oxybisbutane or dibutyl ether; C8H180;
[142-96-1]

298.15 1.3966 0.8253 0.808 0.447

! pure solvent refractive index.

The mole ratio values were calculated by the compiler.

AUXILIARY INFORMATION

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

The ether was saturated with hydro- (1) Hydrogen chloride. Prepared
gen chloride at 298.2 K and from "chemically pure" sodium
atmospheric pressure, not specified. chloride and sulfuric acid; and
An aliquot of the solution was was dried by sulfuric acid and
diluted with water, and titrated anhydrous calcium chloride.

with alkali.

(2) 1,1'-Oxybisalkanes. The ethyl
and 2-propyl ethers were "pure"
grade materials, freed from
peroxy compounds, dried with
sodium and distilled. The butyl
ether was self prepared.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS :

(1) Hydrogen chloride; HCl;
(7647-01-0]

(2) l-Ethoxybutane or butyl ethyl
ether; CgH,,0; [628~81-9]

ORIGINAL MEASUREMENTS:

Kapoor, K. P.; Luckcock, R. G.;
Sandbach, J. A.

J. Appl. Chem. Biotech. 1971,
21, 97 - 100.

EXPERIMENTAL VALUES:

Variation of temperature and pres-
sure at constant mole fraction.

T/K Pressure Mol Fraction

p1/mmHg x]

234.65 31.0 0.430
243.05 54.2

251.05 91

258.15 132.5

265.95 205.7

273.15 301

279.35 408.5

286.25 562.5

293.05 743.2

299.25 977

233.85 56.2 0.484
242.35 94.2

250.15 144

258.15 229.5 .
265.05 326

273.15 482

280.55 668.5

286.55 860

231.65 87 0.535
236.15 115

244.15 184.5

251.65 261.3

256.45 334

265.15 510

273.15 735

281.95 1060

233.05 195 0.597
239.15 266.7

247.45 400

255.15 565.7

262.15 757.8

268.15 957
273.15 1156

Variation of pressure and mole
fraction at constant temperature.

T/K Pressure Mol Praction

p1/mmHg z)
233.45 26.1 0.441
51.9 0.490
92.0 0.539
189.2 0.602
760 0.732
243.85 56.6 0.440
102.5 0.490
175 0.539
336 0.601
760 0.685
256.35 123 0.439
206.5 0.489
334 0.538
696 0.599
760 0.626
270.25 257 0.437
419 0.487
638 0.536
760 0.555
1038 0.596
285.65 551 0.433
760 0.470
963 0.480
1036 0.532

Continued on next page. Variation of
mole fraction with temperature at
one atm pressure.
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Total P/kPa: 101.325 (1 atm)

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1l; Kapoor, K. P.; Luckcock, R. G.;
[7647-01-0] Sandbach, J. A.
(2) Butyl ethyl ether; C_H,,O0; J. Appl. Chem. Biotech. 1971
6714 21, 97 =
(628-81-9] » 97 = 100.
VARIABLES: PREPARED BY:
T/K: 205.15 - 297.15

W. Gerrard
(smoothed data calculated by H.L. Clever)

The standard error about the

EXPERIMENTAL VALUES: T/K Mol Ratio Mol Fraction
ny/n, 7y
205.15 5.75 0.852
213.15 4.31 0.812 The mole fraction
217.65 4.24 0.809 solubility values
232.15 2.95 0.747 were calculated
245.95 2.17 0.685 by the compiler.
246.75 2.15 0.683
273.15 1.161 0.537
281.45 1.000 0.500
282.15 0.996 0.499
285.65 0.919 0.479
297.15 0.716 0.417
Smoothed Data: For use between 203.15 and 283.15 K.

in =z, = 15.722 - 18.665/(T/100K) ~ 9.460 1ln (T/100K)

regression line 1s 6.90 x 1073

T/K Author's Smoothed Data Compiler's Eqgn.
Mol Ratio Mol Fraction Mol Fraction
ny/ny <1 £y
203.15 6.15 0.860 0.845
213.15 0.823
223.15 0.790
233.15 2.93 0.746 0.747
243.15 0.698
253.15 1.90 0.655 0.646
263.15 0.592
273.15 1.150 0.535 0.539
283.15 0.965 0.491 0.489
AUXILIARY INFORMATION

METHOD APPARATUS/PROCEDURE:

The bubbler-tube technigue described
by Gerrard, Mincer, and Wyvill (1)
was used. For temperatures between
303 and 253 an LBI thermostat
containing liquid paraffin was used.
For temperatures less than 253 K
addition of small pieces of solid
carbon dioxide and manual stirring
enabled the temperature to be main-
tained with in + 1 K. For 273.15 K
a slurry of ice and water in a vacuum
flask was used.

For temperatures below 273.15 K it
was assumed that the loss of solvent
by entrainment could be ignored.
After saturation at a recorded
temperature, the temperature was
lowered by 10 K and pyridine was
carefully added drop-wise to fix the
hydrogen chloride as the pyridinium
salt. After treatment with water,
the chloride ion content was
determined by the Volhard method or
by use of an automatic titrimeter.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. A good
specimen was obtained from a
cylinder, and dried.

(2) Butyl ethyl ether. Prepared

from alcohol, sodium, and
alkyl bromide. The ether was
rigorously purified and attested.

ESTIMATED ERROR:
§T/K = +0.5 253-303 K
=31 <253 K
le/xl = 0.01
REFERENCES :
1. Gerrard, W.; Mincer, A. M. A.;

Wyvill, P. L.
J. Appl. Chem. 1959, g, 89.
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COMPONENTS: ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Perkin, W. H.
[7647-01-01]

J. Chem. Soc. 1894, 65, 20 - 28.

(2) 1,1'-0xybis[3-methylbutanel] or
diisocamyl ether; C10H22°7
[544-01-4]

VARIABLES: -
T/K: 273.15 - 298.15 PREPARED BY:

W. G d
p/kPa: 101.3 (atmospheric ?) erraxr

(smoothed data calculated by H.L. Clever)

EXPERIMENTAL VALUES:

Temperature Hydrogen Chloride Mol Ratio Mol Fraction
t/ C T/K Weight per cent

- ny/nj x1
Weighing Titration

0 273.15 18.61 18.70 1.00 0.500
5 278.15 16.78 17.04 0.892 0.472
9 282.15 16.28 16.26 0.843 0.458
13 286.15 15.05 15.40 0.791 0.442
15 288.15 14.59 14.91 0.761 0.432
25 298.15 11.27 11.58 0.569 0.362

The author considered the titration values more accurate than
the weighing values.

The mole ratio and mole fraction values were calculated from
the titration weight per cents by the compiler.

Smoothed Data: 1n xj; = 98.038 - 132.498/(T/100K) - 49,990 1ln(T/100K)

Standard error about the regression line is 5.70 x 1073,
T/K Mol Fraction

x1
273.15 0.496
283.15 0.456
293.15 0.397

AUXILIARY INFORMATION

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

Hydrogen chloride was passed into the (1) Hydrogen chloride. No information
liquid until bubbles passed through
unabsorbed. The amount of gas (2) 1,1'-Oxybis[3-methylbutanel.
absorbed was weighed; and also Kahlbaum.

determined by transferring a weighed
quantity of solution to a stoppered
bottle containing water and
titrating with alkali.

in the two values is due to evapor-
ization of solvent during the
bubbling process.

The author states that the differenc%

ESTIMATED ERROR:

The pressure was not specified, but
appears to have been atmospheric.

REFERENCES :
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; Matuszak, M. P.
[7647-01~0]

U. §. Patent 2,520,947
(2) 1,1'-Oxybis[3-methyl butane] or September 5, 1950
diisoamyl ether; C10H220;

[544~01-4] Chem. Abstr. 1950, 44, 11044g
VARIABLES: PREPARED BY:
= 297.6 W. Gerrard
p/kPa = 99.59 (747 mmHg)

EXPERIMENTAL VALUES:

Temperature Pressure HCl Absorbed! Mol Ratio Mol Fraction

g HC1l per 100
t/°F T/K p/mmHg g component 2 "1/”2 %1

76 297.6 747 10.0 0.435 0.303

! The author's statement was "HCl absorbed, weight per cent of
oxycompound."

The mole ratio and mole fraction values were calculated by the compiler.

AUXILIARY INFORMATION

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

No information. No information.

ESTIMATED ERROR:

REFERENCES:
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Total P/kPa: 101.325 (1 atm)

COMPONENTS : ORIGINAL MEASUREMENTS:
1. Hydrogen chloride; HC1; Ahmed, W.; Gerrard, W.;

[7647-01~0]} Maladkar, V. K.
2. l,l'—0xybisoctane or Dioctyl J. Appl. Chem. 1970, 20, 109 - 115.

ether; ¢, H,,0; [629-82-3]

1634
VARIABLES: PREPARED BY:
T/K: 253.15 - 293.15

W. Gerrard

(smoothed data calculated by H.L., Clever)

EXPERIMENTAL VALUES:

T/K Mol Ratio Mol Fraction
n n X
HCl/ C16H340 HC1
253.15 1.70 0.630
263.15 1.35 0.574
273.15 1.06 0.515
283.15 0.88 0.468
293.15 0.685 0.407
The mole fraction solubilities were calculated from the mole ratio by the
compiler.
Smoothed Data: 1ln X = 24.890 - 30.734/(T/100)

- 14.226 1n (T/100)

HC1

Standard error about regression line

3

4.85 x 10~

. T/K Mol Fraction
Xyc1
253.15 0.629
263.15 0.575
- 273.15 0.519
283.15 0.463
293.15 0.409

AUXILIARY INFORMATION

METHOD /APPARATUS /PROCEDURE :

lHydrogen chloride was passed into a
known weight of liquid in a bubbler
tube at a total pressure measured by
a manometer assembly. The absorbed
gas was weighed by re-weighing the
bubbler tube. The temperature was
manually controlled to within 0.2 K.
The procedure and apparatus are
described by Gerrard (1,2).

For temperatures below 268 K, a
chemical titration was conducted.

SOURCE AND PURITY OF MATERIALS:

1. Hydrogen chloride. Obtained from
a cylinder containing a good com-
mercial specimen. Was dried by
passage through concentrated
sulfuric acid.

Best obtainable specimen was
suitably purified, dried, and
fractionally distilled, and
attested.

ESTIMATED ERROR:
ST/K
§X/X

REFERENCES :

1. Gerrard W.
J. Appl. Chem, Biotechnol. 1972,
22, 623 -~ 650,

Gerrard, W.
"Solubility of Gases and Liquids"
Plenum Press, New York, 1976
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Hydrogen Chloride in Non-Aqueous Solvents
COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; O'Brien, S. J.
[7647-01-0]
J. Am. Chem. Soe. 1942, 64,
(2) Methoxybenzene or anisole; 951 - 953.
C7H80; [100~66~3]

EXPERIMENTAL VALUES:

T/K Pressure Molality Henry's Mol Ratio Mol Fraction

pl/mmHg ml/mol kg_l ConiFant nl/n2 z,
293,15 30.3 0.0378 1.05 0.0041 0.0041
66.7 0.0926 0.95 0.0100 0.0099
70.7 0.100 0.93 0.0108 0.0107
82.7 0.109 0.99 0.0118 0.0116
(760 0.97 av. 0.111 0.100)2
303.15 52.7 0.059 1.18 0.00637 0.00633
66 0.073 1.21 0.00788 0.00782
85 0.092 1.22 0.00994 0.00984
168 0.180 1.23 0.0194 0.0191
181 0.200 1.19 0.0216 0.0211
408 0.448 1.20 0.0484 0.0461
(760 1.21 av. 0.0892 0.0819)2
308.15 45.9 0.0449 1.34 0.00485 0.00483
72.0 0.0720 1.31 0.00778 0.00772
77.8 0.0764 1.34 0.00825 0.00762
250 0.250 1.31 0.0270 0.0263
264 0.253 1.37 0.0273 0.0266
410 0.400 1.35 0.0432 0.0414
(760 1.34 av. 0.0806 0.0746)2
313.15 61.8 0.0463 1.56 0.00500 0.00498
82.3 0.0735 1.48 0.00793 0.060787
98.8 0.0887 1.46 0.00958 0.00949
106 0.0929 1.61 0.0100 0.0099
216 0.179 1.59 0.0193 0.0190
(760 1.54 av. 0.0701 0.0655) 2

! k/atm mol”1 kg = (py/atm)/(my/mol kg~1)

2 value calculated by the compiler from the average value of Henry's
constant, assuming a linear function of p; ve. m;, as the original
author appeared to imply.

Note: The molality, m,, is essentially a mole ratio form. If linear
for this, not linear for mole fraction, except in the limit of
infinite dilution.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HC1; O'Brien, S. J.
(7647-01~0]
J. Am. Chem. Soec. 1942,64,
(2) Methoxybenzene or anisole; 951 - 953.
C,H,0; [100-66-3]
7°8
VARIABLES: PREPARED BY:
T/K: 293.15 - 313.15 W. Gerrard
P/kPa: 4.04 - 54.66

(30.3 - 410 mmHg)

EXPERIMENTAL VALUES:

See preceeding page.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The method and apparatus are those of
Saylor (1) as modified by O'Brien et
al. (2). The main difference is the
use of a 1 to 2 day instead of a 5 to
7 day equilibration time,

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated with NaOH. The HCl
partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaOH.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Prepared
from chemically pure potassium
chloride and sulfuric acid.
Dried by phosphorus pentoxide.

Anisole. Eastman Kodak Co.
Dried and distilled.

(2)

ESTIMATED ERROR:

8T/K = 0.02

REFERENCES:

1. saylor, J. H.

J. Am., Chem. Soe. 1937, §9, 1712.
2. O'Brien, S. J.;
Zeurcher, R. A,
J. Am. Chem. Soe. 1939, 61, 2504.

Kenny, C. L.
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COMPONENTS :

(1) Hydrogen chloride; HC1;
[7647-01-0]

(2) Ethoxybenzene or ethyl phenyl
ether or phenetole; CgHjygO;

ORIGINAL MEASUREMENTS:
O'Brien, S. J.; King, C. V.

J. Am, Chem. Soc. 1949, 71,
3632 - 3634,

[103-73-1]
VARIABLES : T/K: 283.15 - 298.15 PREPARED BY:
P/kPa: 101.325 (1 atm) W. Gerrard
EXPERIMENTAL VALUES:
T/K Henry's Mol Ratio Mol Fraction
Constant
k nl/nz :L‘l
283.15 0.70 + 0.03 0.178 . 0.151
0.174% 0.1482
293.15 0.90 + 0.01 0.136 0.120
0.1362 0.1192
298.15 1.02 *+ 0.04 0.120 0.107

1 k/atm mol~1 kg

2 yalues as recalculated

= (py/atm)/(m,/mol kg

_1)

by the compiler.

All of the mole ratio values were calculated by the compiler.

The experimental measurements were probably carried out
at pressures below one-half atm partial pressure of HCI.
The Henry's constant values are the mean of from 2 to 6

values followed by the average deviation of the mean.

-

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method and apparatus are those of
Saylor (1) as modified by O'Brien et
al.(2). The main difference is the
use of a 1 to 2 day instead of a 5 to
7 day equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution is added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is quantitatively removed
and titrated with NaOH. The HCl
Partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and

| titrated with .NaOH.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not stated.
Probably prepared from potassium
chloride and sulfuric acid as in
previous work (2).

(2) Ethoxybenzene. Eastman Kodak Co.

Dried and distilled.

ESTIMATED ERROR:
ST/K

0.02

REFERENCES :

1. Saylor, J. H.
J. Am. Chem. Soe. 1937, 59, 1712.

2. O'Brien, S. J.; Kenny, C. L.
Zeurcher, R. A.

J. Am. Chem. Soe. 1939, 61, 2504.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; O'Brien, S. J.; King, C. V.

[7647-01-0]

(2) Butoxybenzene or butyl phenyl
ether; C, 01407 [1126-79-0)

J. Am, Chem. Soe. 1949, 71,
3632 - 3634.

the compiler.

of HC1.

of the mean.

From the slope of log x, ve. 1/T.
solution is -3.78 kcal mol™t (-15.82 kJ mol™hy.

VARIABLES: R
T/K: 293.15, 298.15 PREPARED BY:
P/kPa: 101.325 (1 atm) W. Gerrard
EXPERIMENTAL VALUES:
T/K Henry's Mol Ratio Mol Fraction
Constant! n./n
k 1’72 *1
293.15 1.21 + 0.05 0,124 0.110
298.15 1.37 + 0.04 0.111 0.100
0.109? 0.0987?
! k/atm mo1”t kg =(p,/atm)/ (m1/mol kg~ 1)

2 values as recalculated by the compiler.

All of the mole ratio values were calculated by

The experimental measurements were prokably carried
out at pressures below one-half atm partial pressure
The Henry's constant values are the mean of
from 2 to 6 values followed by the average deviation

The enthalpy of

AUXILIARY

INFORMATION

METHOD /APPARATUS /PROCEDURE :

The method and apparatus are those of
Saylor (1) as modified by O'Brien et

al. (2). The main difference is the

use of a 1 to 2 day instead of a 5 to
7 day equilibration time.

The apparatus consists of two bulbs
which are separated by a tap. The
solvent is partially saturated with
the gas, and the solution is added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a
thermostat from 1 to 2 days.

The tap is closed. The HCl in the
upper bulb is guantitatively removed
and titrated with NaOH. The HCl
partial pressure is calculated from
the bulb volume and the number of
moles of HCl assuming ideal gas
behavior. A weighed solution sample
is removed from the lower bulb and
titrated with NaOH.

SOURCE AND PURITY OF MATERIALS:

(1) Hydrogen chloride. Not stated.
Probably prepared from potassium
chloride and sulfuric acid as in
previous work (2}.

(2) Butoxybenzene. Eastman Kodak Co.

pried and distilled.

ESTIMATED ERROR:

ST/K = 0.02
REFERENCES
1. Saylor, J. H.
J. Am. Chem. Soe. 1937, 659, 1712.
2. O0'Brien, S. J.; Kenny, C. L.
Zeurcher, R. A.

J. Am. Chem. Soc. 1939, 61, 2504.
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; O'Brien, S. J.; King, C. V.
[7647~01-0]

J. Am. Chem. Soe. 1949, 71,
(2) 1,1'-Oxybisbenzene or diphenyl 3632 - 3634.
ether; C12H100; {101-84-8]

VARTABLES : PREPARED BY:
T/K: 298.15, 303.15

p/kPa: 101.325 (1 atm) W. Gerrard

EXPERIMENTAL VALUES:

T/K Henry's Mol Ratio Mol Fraction
Constant!® n. n
k 1/72 *1
298.15 3.33 + 0.07 0.0520 0.0494
0.05112 0.04862
303.15 3.52 + 0.01 0.0462 0.0442
0.0482°2 0.04612

' k/atm mol”l kg =(p,/atm)/(m;/mol kg~1)
2 yalues as recalculated by the compiler.

All of the mole ratio values were calculated by
the compiler.

The experimental measurements were probably carried
out at pressures below one-half atm partial pressure
of HCl. The Henry's constant values are the mean

of from 2 to 6 values followed by the average devia-
tion of the mean.

From the slope of log x, ve. 1/T. The enthalpy of

solution is -3.80 keal mol™l (-15.90 kJ mol™}).
AUXILIARY INFORMATION
METHOD /APPARATUS /PROCEDURE : SOURCE AND PURITY OF MATERIALS:
The method and apparatus are those of | (1) Hydrogen chloride. Not stated.
Saylor (1) as modified by O'Brien et Probably prepared from potassium
al. (2). The main difference is the chloride and sulfuric acid as in
use of a 1 to 2 day instead of a 5 to previous work (2).

7 day equilibration time.

The apparatus consists of two bulbs (2) 1,1'-Oxybisbenzene. Eastman
whichpgre separated by a tap. The Kodak Co. Dried and distilled.
solvent is partially saturated with
the gas, and the solution is added to
the lower bulb. The bulbs are
partially evacuated, the tap opened,
and the whole apparatus put in a

thermostat from 1 to 2 days. ESTIMATED ERROR:
The tap is closed. The HCl in the
upper bulb is quantitatively removed 8T/K = 0.02

and titrated with NaOH. The HC1
partial pressure is calculated from

the bulb volume and the number of REFERENCES :

moles of HC1l assuming ideal gas 1. Saylor, J. H.

behavior. A weighed solution sample J. Am. Chem. Soe. 1937, 55, 1712.
is removed from the lower bulb and I

titrated with NaOH. 2. O'Brien, S. J.; Kenny, C. L.

Zeurcher, R. A.
J. Am. Chem. Soe. 1939, 61, 2504.
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(2) 1,1'-Oxybisbenzene or diphenyl

COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCl; Matuszak, M. P.
[7647-01-0]

U. S. Patent 2,520,947
September 5, 1950

ether; C12H100; [101-84-8]
Chem. Abstr. 1950, 44, 11l044g
VARIABLES: / 307.0 PREPARED BY:
T/K = .
p/kPa = 99.95 (747 mmHg) W. Gerrard

EXPERIMENTAL VALUES:

Temperature Pressure HCl Absorbed! Mol Ratio Mol Fraction
g HCl per 100

t/°F  T/K p/mmig g component 2 ny/ng %3

93 307.0 747 0.63 0.0294 0.0286

1
oxycompound."

The author's statement was "HCl absorbed, weight per cent of

The mole ratio and mole fraction values were calculated by the compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

No information.

SOURCE AND PURITY OF MATERIALS:

No information.

ESTIMATED ERROR:

REFERENCES :
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COMPONENTS : ORIGINAIL MEASUREMENTS:
(1) Hydrogen chloride; HC1; O'Brien, S. J.
[7647-01-0]
J. Am. Chem. Soc. 1942, 64,
(2) 1,1'0Oxybis[2-chloroethane]; 951 - 953.
C,H,C1,0; [111-44-4]
47g~+2
EXPERIMENTAL VALUES:
T/K Pressure Molality Henry's Mol Ratio Mol Fraction
pl/mmHg ml/mol kg-l Conigant nl/n2 xq
293.15 23.7 0.0419 0.75 0.0060 0.0060
53 0.090 0.78 0.0129 0.0127
103 0.168 0.81 0.0240 0.0235
109 0.182 0.79 0.0260 0.0254
116 0.198 0.78 0.0283 0.0275
122 0.202 0.80 0.0289 0.0281
186 0.305 0.80 0.0436 0.0418
287 0.481 0.79 0.0688 0.0644
533 0.794 0.88 0.114 0.102
(760 0.82 av. 0.174 0.149)2
298.15 6.6 0.0091 0.95 0.00130 0.00130
38.1 0.0572 0.88 0.00818 0.00811
54.3 0.0758 0.94 0.01084 0.01073
68.3 0.103 0.87 0.0147 0.0145
84 0.126 0.88 0.0180 0.0177
94 0.140 0.88 0.0200 0.0196
124 0.165 0.99 0.0236 0.0231
124 0.175 0.94 0.0250 0.0244
215 0.308 0.92 0.0440 0.0422
365 0.502 0.96 0.0718 0.0670
363 0.518 0.92 0.0741 0.0690
378 0.538 0.93 0.0769 0.0714
413 0.555 0.98 0.0794 0.0735
401 0.556 0.95 0.0795 0.0737
418 0.571 0.96 0.0817 0.0755
(760 0.94 av. 0.152 0.132)?
303.15 17.2 0.0224 1.00 0.00320 0.00319
25.6 0.0292 1.15 0.00418 0.00416
260 0.343 1.00 0.0490 0.0468
283 0.366 1.02 0.0523 0.0497
(760 1.03 av. 0.139 0.122)°2
313.15 70.9 0.0711 1.31 0.0102 0.0101
160 0.165 1.28 0.0236 0.0231
177 0.166 1.41 0.0237 0.0232
307 0.265 1.52 0.0379 0.0365
307 0.291 1.37 0.0416 0.0400
(760 1.40 av. 0.1021 0.0927)2

' k/atm mol™! kg = (py/atm)/(my/mol kg~1)

2 value calculated by the compiler from the average value of Henry's
constant, assuming a linear function of p; vs. m;, as the original

author appeared to imply.

The compiler calculated the values of mole ratio and mole fraction.

Another name for the solvent is 2,2'-dichloroethyl ether.

Note: Henry's constant. The molality is essentially of a mole ratio

form.
in the limit of infinit

e dilution.

If linear for this, not linear for mole fraction, except
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COMPONENTS : ORIGINAL MEASUREMENTS:
(1) Hydrogen chloride; HCL; O'Brien, S. J.

[7647-01-0]

J. Am. Chem. Soe. 1942, 64,

(6.6 -~ 533 mmHg)

{2) 1,1'Oxybis{2-chloroethane]; 951 - 953.
C,H,C1,0; [111-44-4]
478772
VARTABLES : .
T/K: 293.15 - 313.15 PREPARED BY:
p/kPa: 0.88 - 71.06 W. Gerrard

EXPERIMENTAL VALUES:

See preceeding page

AUXILIARY INFORMATION

METHOD/APPARATUS /PROCEDURE :

The method and apparatus are those of
Saylor (1) as modified by O'Brien et
al. (2). The ma