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Solubilities of a number of gases were deter-
nined in members of the n-pentane ... n-hexadecane se~
ries. Relationships between gas solubilities and phys-
ico~-ghemical properties of members of the series were
studied,

It was found that gas solubilities varied 1lin-
early in the function of reciprocal parachor values of
the solvents, and the slopes of the lines were propor-
tional to the sizes dnd mean polarizabilities of the
gases dissolved,

An equation was derived to calculate solubili-
ties of apolar and moderately polar gases in n-alkanes.
The equation is =not applicable for polar gases; be-
cause the interactions. between the gas and ligquid mol-
ecules cannot be neglected in such cases.

It is well known that members of homologous series in organ—
ic chemistry display certain regularities - frequently character-
ized by mathematical relationships — as fas as some of their phys-
ico~chemical properties are concerned. The relationship describing
the change of a certain property of the homologous series is ge-
nerally not a simple, linear, but more complicated - though for-
melatable - relationship. Because the solubility of a given gas
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depends on both the gas and the solvent, the hypothesis. stating
the existence of a relationship between the solubility values ob~
tained in a homologous series and the carbon number of the members
of the series seemed reasonable. This hypothesis is supported by
the work of SEYMOUR and SOSA [1}, who stated that the solubility
parameters defined by HILDEBRAND and SCOTY [2, 3}, known in the
litérature as cohesive energy density (CED)}, are linear functions
of the logarithms of the carbon numbers.

Some of the regularities found in the course of studies on
the selubility of gases in members of the normal-alkane homologous
serjes are presented here.

1. EXPERIMENTAL

There are only a very limited number of gas solubility data
measured in normal-alkanes ~available in literature. Therefore,
solubilities of 15 gases in 12 members of the normal-alkane series
were determined. The first memher of the series was n-pentane, the
last one n~hexadecane (C g through C,J. Measurements were carried
out at a constant 25 °C temperature. {(Later on, solubility values
were also obtained at 4G ¢ to check the validity of the relation~
ships derived at 25 oC.)

Gas solubility measurements were carvised out - as usual - in

te saturation apparatuses [4]. Partial pressure of the component
to be dissolved was always kept at 760 toryr in the eguilibrium
miznture, soc the gas solublility values arve xepaxteﬂ as Ostwald
coafficients. Analytical grads resgente of Hungarian and foreign
@&igi“ were used {both iiguids and gases}. In those few cages
whers Literature data werse available, the measured values agreed
them within + 4 %. &An absolute error of + 3 & was caloulated

the measurements made.
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2. DISCUSSION .

Studying the‘solubility data two general conclusions can be
made:
- solubility of a given gas (expressed either as Ostwald
or Bunsen coefficient) decreases with the increasing

carbon number

~ solubility of apolar gases in a given: n-hydrocarbon
increases with increasing molecular size of the gas {(a
similar tendency can also be noted with polar gases).

Parachors of the members were used to take into consider-—
ation the properties of the homologous series. There are a number
of factors compounded in the parachor value, each of which are
significantly influence solubility; it can be used over a wide
temperature range, its values are sums of increments and so the

value is easly calculated.

Solubilities of the gases studied were plotted as functions
of the reciprocal parachors of the n-alkanes (Figure la and 1b).

The following conclusions were drawn:

~ There is a linear relationship between the gas solubi-
lities and the reciprocal parachors of the members of
the n~alkane series - except for the value of ammonia.
Extrapolated lines of the apolar gases meet in the or-
igin. Lines of the moderately polar gases alsc tend to
here,at least within the limits of experimental error.
Lines of the é&rongly polar gases have positive inter-
ception values. (It follows that in the case if
and moderately polar gases, =zero gas solubility womld

" be found in n~hydrocarbons containing an infinitely
large number of carbon atoms, while even in this case
there would be scme solubility for the strongly polar
gases, such as S0, and Hp8.)

- Blopes of the gas solubility lines zve different fox
cach gas, the bigger or more polarizeble the gas mole-
cules, the bigger the slope values.

There are twoe significant conscyvances of the above twe ol

servationss:

B
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a) The following relationship holds for the solubility
of apolar gases measured in the n—alkane series:

SnLPJn = constan#

wheres '
Bn is the solubility of the apolar or moderate~

ly polar gas in the nth member of the series,

[P]n is the parachor value of the mn-alkane

proper.

The relationship for the more polar gases can only be
formulated if the intercepts are known:

(B-b)[P1 = constant

where:
b is the intercept of the line.

b) The practical value of the relationship mentioned in
a) . is that omce the solubility of an apolar or moder-~
ately polar gas is known in any member of the series,
the solubility found in the remainder can be calcu~
lated. (The same value for polar gases can only be
caleulated from two known data.}

As it was previously mentioned, slopes of the lines increase’
with increasing polarizability, therefore the relationship between
the mean polarizability and the slope value was stidued. (Because
parachors are expressed as functions of the solvent molar volumes,
I#] = vo1/%, the mean polarizability referring to one mole gas
was used. The,following simple yelationship was graphically ob-
tained between the slope (A} and mean polarizability data (&):

g A = kaN - 2

{where ¥ is the Avogadro number, k is a proportionality constant).
This is graphically shown in Figure 2.
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Using the co-prdinates
given in Figure 1, solubil~

lga

080, ities of apolar and moderate~
ly polar gases are given by
the following egquation:

_ A
B = fer '@

As 1g A = kgN - 2, the above

eguation can be rearranged:

—— »
3 -
=N ige = 1 + kaN - Ig[P]
Fig. 2. Relationship of slopes ‘
and mean gas polariz- Dimensional analysis was used
abilities to show that k was no dimen-

sionless, but had the dimension cf‘{&yn/cm)%, i.e. it could be
derived from interfacial tension. Thus the interfacial tension
measured between the gas and its liguid form was taken at the
1/4-tnh power and substituted into the eguation, which took the
following final forms

Using the above egquation the Ustwald coefficients were calculated
and compared to the ones measured. Deviation was expressed as a

relative ervor in the usual manners

S,q 4 ,:;—4;% ™ &l
2 Rel. error = MEeasured gonputed . 100

B -
measured

’Parachor valnes were taken from ALTENBURG’s paper [63, while the
mean polarizability values wers cobtained from the book of HIRSCH-

gaBss wars obe

.
n
e
o
b
=
3
(st
=1
B
W
B
o
[

FPELDER ot al [5]. Interfacial ten
tained from handbooks or if not svailable, they were caloulabed
by an approximative method [93.

Dats measured and obbtaiped by the devived eguation are

also shown.

shown in Table 1. Belative de
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Table 1., (continued)

CHy CO2 HaS

Gas

sol- g Rel.de- 75 Rel, de- 8
vent meas. calec. viation meas. “calc. viation meas,
Cs 1,279 1,282 -0,24 2,685 2,599 3,20 9,147
Cs . 1,146 1,095 4,46 2,270 2,236 1,50 8,230
Cr 0,956 0,953 0,28 1,976 1,947 1,47 7,520
Ca 0,849 0,844 0,58 1,746 1,724 1,28 6,986
Co 0,762 0,760 0,20 1,550 1,852 -0,01 6,560
Cio 0,693 0,690 0,52 1,397 1,408 -0,79 6,232
C1i14 C,633 0,630 0,47 1,227 1,287 -0,78 5,949
Cq2 0,586 0,581 0,84 1,179 1,i88 . -0,76 5,628
C1a 0,541 0,538 0,55 1,091 1,099 -0,73 5,501
Cqy4 ©,508 0,502 1,18 1,015 1,024 -0,9%0 5,305
Cas 0,474 0,470 0,82 0,250 0,952 -0, 95 5,152
Cas 0,448 0,442 1,18 0,855 0,903 0,89 4,599

co N20 B0z

Cs 0,395 0,354 10,51> 4,093 4,582 ~11,%4 11,876
Cg - 0,329 0,302 8,27 3,471 3,568 -2,7% 10,876
Co 0,282 0,263 6,81 3,034 3,106 =7, 20 5,790
Cg 0,234 0,233 0,56 2,729 2,751 ~0,B1 9,092
Ceo c,217 6,210 3,41 2,478 2,477 -0 ,01 8,588
Cio 0,191 0,190 0,47 2,270 2,247 1,01 8,110
Cqq Q,177 0,174 1,86 2,063 2,053 0,48 7,828
Ciz 0,166 o, 160. 3,49 1,877 1,8%4 -0, 91 7,444
Cqa 0,151 0,148 1,72 1,779 i,754 1,41 7,182
Cqy 0,136 0,138 ~1,62 1,637 1,634 0,18 6,942
Cas 0,128 0,129 -1,17 1,550 1,530 1,29 65,735

Cis 0,120 o©0,122 ~-1,50 1,484 1,440 2,86 6,571
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It can be seen that there is a rather good agreement between
the measured and calculated values in the case of apolar and moder-
ately polar gases. This is especially true for the gases with ac—
curately known parameters, such as CO0,, CHy, Xe, Kr and O,. The
greatest deviation occurs in the cases where the interfacial ten-
sion was obtained from approximations and where the other con—
stants required for the calculation Were rather uncertain.Such gas~—
es were helium and neon. Solubilities of two polar gases wers not
calculated (H,S and S02), because these gases had positive inter~
ceptions and further research is needed to determine theilr meaning
and true numerical values. It is worth noting that other gas solu~
bility measurements of the authors - such as those obtained with
n~alcohols - proved that the interactions must nct be neglected in
the case of apolar - polar and polar -polar gas ~liguid systems.

As mentioned earlier, further measurements were made at 40°C
to check the validity of the relationships obtained. Calculated
values were compared to those measured. It was found that the ap~-
propriately derived eguation alsc described the solubiliities at
40 °C, 'There was only a slight deviation between the caleulated
and measured data, shown in Table 2. Again no caleulations were
made in the case of Hz8 and 802 becavss to do so would involve the
interception values. This problem will be reviewed din a later

paper.
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PEIDME

FHOAODUMEHTEALHEM RYTEN ONPSASARAS0CL DACTESDHMOCTE MHOTHX

Tagty B YNgHax roMonordyYBgROrc prRIS HDpMEHbHMﬁ neHTar -~ HEpMmanb-

M

FRKGak, MCONBJOBRaNOCL, HaMaR IFBHCHMOLTL WMEBTCH MERIY jat=loty

TEORHMOGTHIE W XuMuYBcHuMK csoficTeaMy BMIHooTel gawdors roMoaord -
HBOROTD PALE.

y@?ﬂﬁ@aﬁ&H@, YTO B ZEHMOUMODCTH OT DEPASTHOrS 4“MGRa napaxop-

wux shadeuuil pecTeopuwTessl pACTRORMMOGTL FS508 WSMSHESTOR AWHSHRHD
¥ TEHISHS TAMUX NODAYYEHEEY ApaMEX DponapluoHaRsH pasMepy  pacTed-
prMCE MoABHYAE ¥ 88 opefHEl NOASDHBYeMBLTH.

Ha PECCMCTREHHEX CHETEM a8 ~ HHAHOCTL A48 Tuna HERDNADHEX

=~ noaapHex B oonafo NOARPHEXY - HBENORSDHUX BWBBNBHO VYDABHEBHWE, T NG~
WORED KOTOROre MomeT GuTe DACCHMTaHS pECTBODHMOCT: F23S0B B HOpP~
MBREBEK. &AKaNaX. ITO YDABHOHME AA8 NOARDHHX FE308 HeNPUUBHHMT RO
CHOALHO & TENOM CAYHSE B3SUMBLSHCTEHE MENMIY MDASHYASMH FaZa W mW-
AMTOTH YHE HEAL3E OTOROCHTb.

ABT@pH TRVBCART § BHAS TaOARY DESYARTATH, NOAYHEHHUE BHoNE™

FHHEHTEALHEM W PECYBRTHEM AVTEM.
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