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INTRODUCTION

The Solubility Data Project aims to make a comprehensive search of the 1lit-
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 liguid such as
water is gas liquid solubility whereas the equilibrium set up between hexane
and cyclohexane at 350K is an example of vapor-liquid equilibrium. However,
the distinction between gas-liquid solubility and vapor-liquid equilibrium
is often not so clear. The equilibria set up between methane and propane
above the critical temperature of methane and below the critical temperature
of propane may be classed as vapor-liguid 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 liquid, which has been discussed in numerous
textbooks. We have taken a fairly liberal view in these volumes and have
included systems which may be regarded, by some workers, as vapor-liquid
equilibria.

UNITS AND QUANTITIES

The solubility of gases in liquids is of interest to a wide range of scien-
tific and technological disciplines and not solely to chemistry. Therefore
a variety of ways for reporting gas solubility have been used in the pri-
mary literature 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 quoted as a mole frac-
tion of the gaseous component in the liguid 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 is 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 vressures 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. In 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".
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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 technigue 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. Inadegquate degassing of the absorbing liguid 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(qg)

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

- W(g) /M(g)
(W(g) /M(g)] + [W(1)/M(1)]

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

wt$% = 100 W(g)/[W{g) + W(1)]
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where W is the weight of substance. As in the case of mole fraction,
the pressure (partial or total) and the temperature must be specified.
The weight per cent solubility is related to the mole fraction solu-
bility by

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

x(g) =

The Weight Solubility, Cyw

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)
z(g) (partial pressure 1l atm) = —m—
1 + CwM(l)

where M(l) 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

n v2(1)

1 + n vo(1)

x =

where v®(1) is the molar volume of the liguid 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,

o = Vi@ 273.15
v() 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
z{(g, 1 atm) =

273.15 v°(qg)
T ve (1)

a +

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

- S
o + 273.15R
v (1)

x{(g) =

Real gases do not follow the ideal gas law and it is important to es-
tablish the real gas law used for calculating @ 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, dissoclved 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, I, 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 - VA9)
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)= —————
P(g) L vo(1)

where P is the partial pressure of gas. The mole fraction solubility
will be at a partial pressure of P(g).

The Absorption Coefficient,p

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. B is related to the Bunsen coefficient by

B =a(l-P(1))
where P(1l) is the partial pressure of the liquid in atmosphere.

The Henry's Law Contant

A generally used formulation of Henry's Law may be expressed as
P(g) = Ky a(9)

where K;, is the Henry's Law constant and x the mole fraction solubili-
ty. Otﬁer formulations are

1

P(g) K2C(1)

or

C(q) KCC(l)

where K, and K are constants, C the concentration, and (1) and (qg)
refer t0 the liquid and gas phases. Unfortunately, KH’ K, and K

are all sometimes referred to as Henry's Law constants. ﬁenry‘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
is small, and that the difference in pressures is small. Great cau-
tion must be exercised in using Henry's Law.

The Mole Ratio, N

The mole ratio, N, is defined bv
N = n(g)/n(1)

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

For gas solubilities greater than about 0.01 mole fraction at a vartial
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 = a(T/273.15)
Cw = a/v,p
_ 17.033 x 10°p(soln)
Ky = T M) + 760
L = cw Vt,gas e

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 vy gas the
?

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 k™!
1 (non-SI Unit) = 1 (SI Unit) =
k (SI Unit) k™! (non-8I Unit)
LENGTH SI Unit, m
& (angstrom 1 x 107° (%) 1 x 101° (*)
cm (centimeter) 1 x 1072 (%) 1 x 102 (%)
in (inch) 254 x 107% (*) 3 937 008 x 10”5
ft (foot) 3 048 x 107" (%) 3 280 840 x 106
AREA SI Unit, m?
cm? 1 x 107% (%) 1 x 10* (*)
in? 64 516 x 1078 (*) 1 550 003 x 1073
ft2 9 290 304 x 10”°% (*) 1 076 391 x 10”5
VOLUME SI Unit, m®
cm?® 1 x 10° (*) 1 x 10% (%)
in? 16 387 064 x 10712 (*) 6 102 374 x 1072
£td 2 831 685 x 107° 3 531 467 x 107°
1 (litre) 1 x 107% (%) 1 x 10% (%)
UKgal (UK gallon) 45 461 x 1077 21 997 x 10732
USgal (US gallon) 37 854 x 1077 26 417 x 10~2
MASS SI Unit, kg
g (gram) 1 x 1073 (%) 1 x 103 (%)
t (tonne) 1 x 108 (*) 1 x 1073 (%)
1b (pound) 45 359 237 x 107% (*) 2 204 623 x 1076
DENSITY SI Unit, kg m™?
g cm”? 1 x 10° (*) 1 x 1073 (%)
g 17? 1 (*) 1 (*)
1b in~3 2 767 991 x 10-2 3 612 728 x 10—t
1b ft~?° 1 601 847 x 10-5 6 242 795 x 10-°
1b URgal~™! 99 776 x 10~3 100 224 x 10-7
1b Usgal~? 1 198 264 x 107" 8 345 406 x 107°
PRESSURE SI Unit, Pa (pascal, kg m~! s™?)
dyn cm™? 1 x 107 (%) 1 x 10 (*)
at (kgf cm™?) 980 665 x 10~' (*) 1 019 716 x 10”1%?
atm (atmosphere) 101 325 (*) 9 869 233 x 10712
bar 1 x 10° (*) 1 x 1075 (*)
1bf in~? (p.s.i.) 6 894 757 x 1073 1 450 377 x 1071°
1bf ft™2 47 880 x 107° 20 886 x 107°©
inHg (inch of mercury) 3 386 388 x 103 2 952 999 x 10”1'°
mmHg (millimeter of 1 333 224 x 107" 7 500 617 x 107°
mercury, torr)

ENERGY SI Unit, J (joule, kg m? s™2)
erg 1 x 1077 (%) 1 x 107 (%)
calIT (I.T. calorie) 41 868 x 10™% (*) 2 388 459 x 10”7
cal h (thermochemical calorie) 4 184 x 107°% {¥) 2 390 057 x 10~7
kW " (kilowatt hour) 36 x 10°  (*) 2 777 778 x 1071?
1 atm 101 325 x 1073 (*) 9 869 233 x 10~°
ft 1bf 1 355 818 x 107° 7 375 622 x 1077
hp h (horse power hour) 2 684 519 3 725 062 x 10”13
Btu (British thermal unit) 1 055 056 x 1073 9 478 172 x 1071°

An asterisk (*) denotes an exact relationship.




