SorLuBiLITY PnENOMENA IN DENSE CO. Gas

this method, which approaches dense gases from the
ideal gas side, is not valid for the high densities studied
here.

More likely to suceeed, under the circumstances,
would be an approach based on liquid solubility phe-
nomena. Densities of practical interest are usually in
the range 0.3-0.9 times the equivalent liquid density,
while gases at 1 atm pressure, already showing measur-
able nonideal effects, are removed in density by several
hundredfold from this range.

The principal difficulty with following the general
path of liquid solution is that the latter are themselves
imperfectly understood.” However, it is elearly more
suitable to use approximate methods where the approxi-
mations are in accord with the physical situation than
to streteh an exact theory (virial) far beyond its reason-
able limit of application.

For the above reasons, we previously suggested and
developed approximate methods for applying solubility
parameter concepts to dense gaseous solutions.’  Some
aspects of this approach will be tested here.

The key results of the theory are given in the following
two equations. I'irst the solubility parameter is a fune-
tion only of density p, approximated by the linear rela-
tionship

3z = duialp/ prial 1)

and therefore reaches the value, 81iq, characteristic of
the parent liquid when the gas is compressed to the
liquid density, piiq.- Solubility enhancement is related
to this by

InI = (Vd/RT)AQ — 4) @)

where 7 is the solubility enhancement, the solute concen-
tration at saturation relative to its ideal gas value, Vy
and §, are solute molar volume and solubility param-
eter, respectively, and A is the reduced solubility param-
eter of the compressed gas. 8,.,/8.

The direct measurement of 7 is impractical for large
solute molecules since ideal vapor pressures are immea-
surably low (estimates of / will be given later). In-
stead, solubility relative to the maximum value is more
appropriate here.  I'rom eq 2 thisis

lll (I/Im:\x) = == (‘-0602/RT) (A = 1)2 (3)

The above equations are approximations which do not
adequately allow for density-dependent entropy  ef-
fects, pressure—volume effeets, and the various molec-
ular subtleties which render regular solution theory
itself inexact. They are looked to more as a guide to
qualitative effects and to rough quantitative estimates,
both presently needed in this field.

Experimental Section

The high-pressure apparatus used in this study was
basically like that described elsewhere. A sche-
matic diagram which helps illustrate the procedure is
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Figure 1. Schematic of high-pressure unit: 1, 2, 3, on—off
valves; A, B, sample chambers; P, pyrolysis unit; V,
pressure reducing valve; D, detector.

given in Figure 1. DModifications 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.”$123 This Jeads to line clogging and conse-
quently to alteration or stoppage of flow to the detector.
It was suggested that pyrolysis at the downstream end
of the ecolumn prior to decompression may eliminate this
difficulty.’? Tor 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-em
i.d. stainless steel tubing which is heated to about 650°.
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. I'rom our experience, such
a unit ean withstand pressures up to 30,000 psi without
failure. This, however, is not true for ammonia, where
a few leaks have been encountered.

Pressure Reducing Valve. A new type of valve has
been constructed which maintains very stable flow for
long periods of time. A detailed desecription of this
valve will appear elsewhere.

Splitter. The splitter and the back pressure regulator
have been eliminated because of the availability of con-
trolled flow. Under these conditions the entire sample
is swept into the detector.

Detection Systemr. The detector was a Beckman
GC-4 flame ionization detector. Provisions were made
to ensure constant air and hydrogen supply to the detec-
tor. The detector signal was fed into a Cary Model 31
electrometer which was coupled to a Speedomax Type G
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