
SOLUBILITY PIIENmlENA IN DENSE CO~ GAS 

this method, which approaches dense gn:;cs from the 
ideal gas side, is not valid for the high densit.ic:; studied 
here. 

1\[ore likely to succerd, under the circumstances, 
would be an flpproach based on liquid solubility phe­
nomcna. Densities of practical intcrest nre usually ill 
the range 0.3- 0.D times 1. he equivalent lifJuid density, 
while gases fit. 1 atm pres~ure, already showing measur­
able nonideal effects, are removed in density b~' i:ieveral 
hundredfold from this range. 

The principnl difficult!, "'ith following the general 
path of liquid solutioll is 1 hat the lnttel' are themselves 
imperfectly unckrstoocl. 2~ H ll\\'ever, it is clearly more 
suitable to use approximate methods where the approxi­
mations are ill tlccord ,,,ith the physical situation than 
to stretch an exact theory (viriul) far beyond its reason­
able limit of application. 

For the above reasons, ,ye previously suggested and 
developed approximate methods for applying solubility 
parameter concepts to dense gaseous solutiollS. 13 Some 
aspects of this flpproach \"ill be tested here. 

The key results of the theory are givcn in the following 
two eqlli1tions. First the solubility parameter is a func­
tion only of 'density p, approximated by the linear rela­
tionship 

c5g = c5 liq [pi Pliq] (1) 

and therefore reaches the value, 8liq, characteristic of 
the parent liquid whell the gas is compressed to the 
liquid density, Pliq . Solubility cnhallcemellt is rolated 
to this by 

(2) 

where I is the solubility enlwl1crment, t.he solute concen­
tration at sat mat-ion l'rlat in to its idcfll gas value, Vo 
and 150 are solut.e molar volumc and solubility param­
eter, respectively, and ~ i~ the reduced Rolubility param­
eter of the comprrssed g~s. 0,,/00' 

The direct meaStIrCI1Wllt of I is impractical for large 
solute molecules Rillce idr"i vapor preSl:'urrs arc immea­
surably 10'" (cst.imate~ of I will be given later). In­
stead, solubility relative to the maximum value is more 
appropriate here. From rq 2 thiti is 

The above cquat.ion~ arC' approximat.iolls which do not 
adrquately alluw fur liL>n"ity-tiL'pcndellt. entropy cf'­
fects, pretisure- volumc l'Il't'cb, :md t.hc \'ariou>; molee­
uIa.r subtleties ,,'hieh rend('\' rrguiar solution theory 
itself inexact. Thl'." arr. i<lOkl'd to morc a~ n guide to 
qualitativr elTeds and 10 roul-!:h rtuantitatiyc I'stimatcs, 
both preSl'lltl!· Hecded ill t.hi~ [il'ld. 

Experimental Section 

The high-pn'sslll'<.' apparai us used in thi::: ~t lIdy was 
basicall~' like that. dl' ~(' rihl'd ds('\\'herl'.I~.~9 A ~che­

matie di~\gmm which h('ips illustrate t hl' proc('dure is 

High Pressure 
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Figure 1. Schematic of high-pre~sure unit.; 1, 2, 3, on-off 
v:1.1vcs; A, B, ~:1.mplc chamber:;; P, pyroly><is uuit; V, 
prC~~1ll'c reducing valve; D, detector. 
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given in Figure 1. Modifications to the previous ap­
paratus are as follows. 

Pyrolysis Unit. It has been pointed out often that 
the dissolved molecules become thermodynamically 
unstable upon decompression and tend to condense 
out.7.8· 12 ,30 This leads to line ,clogging and conse­
queIltly to alteration or stoppa.ge of flow to the detector. 
It was suggested that pyrolysis at the dowllstream end 
of the column prior to decompression may eliminate this 
difficulty. 12 For this reason a pyrolysis unit was incor­
porated into the system. 

The structure of the pyrolysis unit is shown in Figure 
2. It consists of approximately 20 em of 0.015-cm 
i.e!. stainless steel tubing which is heated to about 650 0

• 

The outer tubing acts both as a form on which the heat­
ing wire is wound and also as a guard in the event of. 
rupture of the inner tubing. From our experienee, such ' 
a unit can withstand pressures up to 30,000 psi without 
failure. This, ho\\'ever, is not true for ammonia, where 
a f('"..-leaks have been encountered. 

Pressure Reducing Valve. A new type of valve has 
b(,l'n constructed which maint.ains very stable flow for 
long periods of time. A detailed description of this 
valve will appear elsewhere. 

Spl-itter. The splitter and the back pressure regulator 
have been eliminated because of the availability of con­
trollrd flow. Under these conditions the entire sample 
is i:iwept into the detector. 

Detection System. The detector wa.s a Beekm:m 
GC--1 flame ionization drtector. Provision!:! were made 
to ensure constant ail' aIld h!'drog('ll suppJy to the detec­
tor. The det('ctor signal was frd into a Cary Model 31 
elect.rometer which " 'as coupled to :t Speedomax Type G 
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