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Table I: Soll1bility Properties of the Four Soll1tes in CO, at 400 

6o(eq 8), 
(eal/ 6o(enlcd) , l'o(expll), l',(cnlcu), 

Solute em')'/> (eal/em') 'f, em' cm J 

Carbowax 4000 10.8 10.7 ± 0.9 520 2.';00 
Carbowax 1000 1O.!l 10.7±0.8 206 86,j 
Stearic acid 7.!l 8 -,;) 257 ~29 

1-0ctadecanol 7.6 8.6 136 328 

acid with increasing pressure. This effect, consistent 
with eq 2 and 3, has not been previously observed. 

The apparent existence of maxima in the continuous 
solubility-density curves of Figure 3 which lead to this 
peculiar phenomenon are, in fact, analogous to the for
mation of ma:-.:i.ma in solubility-pobrity plots with liq
uid mixtures. The explanation is presumably the 
same. The excess energy of mixing is a minimum "'hen 
the cohesive energy densities are roughly equal for 
solute and solvent. Therefore the dense gas solubilit.y 
parameter at a given maximum should equal the solu
bility parameter of the particular solute. This is in 
accord with cq 2 and 3, and, as we shall see in the next 
subsection, can be broadly confirmed for our specific 
group of solut.es. Since these solutes have different 
solubility parameters, the maxima in Figure 3 are 
horizonta.lly displaced from one another. 

Although the present experimental pressure range, 
270-1900 atm, is rather broad, it covers a relatively 
incompressible region well above the critical pressure. 
Thus the density and solubility parameter vary only 
about 25% in our experiment, While this has a very 
large effect on solubility, as Figure 3 illustrates, the 
limited range makes it difficult to show a clear solubility 
maximum with both descending branches distinctly 
exhibited. ?\ onetheles.s, the existence of a maximum 
is rather certain from (a) the shape of the curves in the 
experimcllt:11 mngC', and (b) the fact that octudecunol 
and stearic acid are effectively nonvolatile at low pres
sures and must therefore ha.ve a descending branch on 
the left to complement the observed one on the right. 
In fact, previous work has been done with octudect1nol 
on other instrumentation which shO\\'s a threshold pres
sure of !)S.i atm.13 This is equivalent to another point 
(actually a cluster of points) on the plot at (0, 4,8). 
Such an addition clearly rcquires a maximum in the 
solubility curve. 

Fi~re 3 shows that the solubility peaks differ in 
width_ From cq 2 it can be shown that the half-width 
IS 

[
2.:>.RT J'/2 6g - 6g •mox = Yo- (Jog ["lRX - log 1) (9) 

so that the width at any level below the peak maximum 
is I'elat('d to solute molt' volume as I'u - 'I'. Thus larger 
molecules h:LVe IIUITOWl'r solubility peaks, as strikingly 
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p* 
, - (previ-

~',(e~tl~ Mol p* ous), 
\ ',(cnleul lmtlx Xmas wt ntm atm 

0.1 6 !j.6 X 1054 2.4 X 10-' 3350 162 190 
0,2~K 1.1 X 1021 1,5 X 10-3 1000 !H 11;'} 

0.7.';0 1.7 X 10'7 1.6XlO-3 284 76 
O.4lG (j,7XlOs 1.5 X 10-3 270 

conflrmed by the Carbowax 4000 and 1000 peaks in 
Figure 3. This is another instance where liquid and 
dell:<e gas solubility phenomena follow parallel trends. 

Solubility Ellhancement. The enhancement in solu
bility (or volatility) relative to that for the ideal gas 
reaches very large proportions. At the solubility max
mum it is given by 

(10) 

Values of [lllfiX are tabulated in Table 1. For Carbowax 
4000 the mm.:imum enhancement is seen to be in excess 
of 10:.0, reflecting mainly its extremely low vapor pres
sure under ideal conditions. 

Absolute Solubility. The absolute magnitude of the 
equilibrium solute concentration can be approximated 
u>ling the calibration procedure mentioned earlier, 
However, some uncertainty exists because of the need 
to estimate effective carbon numbers (0 in eq 5) . For 
stearic acid and octadecanol we assumed 0 as the num
ber of carbon atoms in the molecule minus one, the ex- " 
cludeu one corresponding to a carbon presumably tied 
up in llondf'tectablc form (C02 or CO) in the pyrolysis 
products. For Cll.l'bowax 4000 (mean molecular 
weight, 33;jO) we assumed 0 = 75, the other half of the 
carbon utoms again presumably tied up in nondetecta
ble form. 

The results for the mole fraction of solute a.t the solu
bility peak, X mnx, calculated from eq 5, are shmnl in 
Table r. Solubilities at other 6 values may be ca.lcu
lat ed from eq 6 or obtained from the relative solubility 
plot:; in Figure 3. 

Th reshold Pressures. Of great experimental impor
tance, particularly to gas chromatog;raphy, is the thresh
old pressure, P*, the applied prcs~urc which is barely 
sufficient to bring volatilit:v to a measurable level. 
Since the 'olubility is all extremel.\' steep function of 
pre~sure for large molecule!', t 11 is parameter is nearly 
COIl:::t:lllt with reasonable variations ill the :sensitivity 
of the detection device. 

For the prescnt system, R X H = 1 serves as the 
10wC'st limit of detection. Since none of thl' mcasure
ments was made nl'UI' t.he threshold level, the latter 
was calculateu mi:sumillg n. pambolic uependence of the 
solubility. ignal on D tiS in eq G, Conversion from the 
obt :tineu D v:tiup to tieu:sity ulld thpn to prl's. 'ure yil'lds 
the e'i' vulue:; shown ill Table 1. Values obtained pre-


