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ABSTRACT. The solubilities of caffeine in supercritical ammonia were measured at various temper-
atures and pressures to represent the relationship between the solubility and the density of ammonia
at desired temperature and pressure by means of a simple equation. Using the equation, the interaction
virial coefficient between ammonia and caffeine has been determined to give the parameters of Lennard-
Jones potential function for the system. Furthermore, there are comparisons and discusstons of the in-
teraction virial coefficients and Lennard-Jones potential functions determined by the same techniques
from the solubility data of naphthalene in supercritical ammonia and of caffeine and naphthalene in su-
percritical carbon dioxide from existing data sources others.
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Table 1. Measured values of solubilities (mole percent) and the enhancement factors of caffeine in supercritical am-

monia as functions of temperature and pressure

T P UV.I:IH; Koy E* logE* 1 P*

(K) (bar) (mole/)) (mole %) Vi logs” (bar)
416.65 150 17.471 2018 2.939x 14 4.4682 3.9101 1.030x 104
200 22.222 3.215 6.243x10# 4.7954 4.6340
250 25.316 3.792 9.204 x 104 4.9640 5.0999
300 26.455 4.020 1.171x 105 5.0686 5.2194
400 27.397 3.309 1.285x 105 5.1089 5.3626
500 28.629 3.182 1.545 % 105 5.1889 5.5173
456 .95 150 6.494 0.116 1.103x 102 2.0426 3.1793 1.578x 103
200 11.420 0.570 7.224x 102 2.8588 3.9947
250 16.807 2476 3.923x103 3.5936 4.6769
300 20.202 4.532 8.620x 103 3.9355 5.1333
400 22.883 5.165 1.309x 104 4.1169 5.5583
500 24.390 5.304 1.681x 104 4.2256 5.7720
497.15 150 4.929 0.217 2.091x10 1.3204 3.7331 1.557x 102
200 7.299 0.490 6.294x 10 1.7989 4.0574
250 10.638 1.336 2.145x 102 2.3314 4.5629
300 13.614 2.886 5.561 x 10° 2.7452 4.9593
400 18.018 6.153 1.581x 103 3.198% 5.6325
500 20.877 8.822 2.833x 103 3.4522 6.0474

E? indicates X, {aP/P;Y which is called the enhancement factor.
r volu

N N1, I8 the mol me of ammonia.
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Fig. 1. Plots of [Vny, log(Xqs /P )1 against 1/Vyys
at several temperatures. The temperature dependence
of their intercepts is also shown as a dashed line in the
same figure.
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Fig. 2. The second cross virial coefficients between
solute and solvent as a function of temperature.
......... Pure CO,, Pure NHj, ---O--- Naphthalene-
CO, system, -- @--Caffeine-CO, system, —O— Naph-
thalene-NH; system, —@— Caffeine-NHg system.
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Fig. 3. Plot of obtaining the Lennard-Jones parameters
from the second virial coefficient data for the system of
caffeine and amoniam.
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Tuble 2. Lennard-Jones parameters determined from the second virial coefficient data for the several systems

o LS
System {Joule} {cm) {cm)

'):E(g —— NHg 2.675x 10-20 1.851x 10-8 2.075x 10-8

NHg 2.692x 10-20 1.682x 10-8 1.888 x 108

», ?’

Y CO 2.347 x 10-20 1.405 x 10-8 1.577 x 10-8

&,
COy 2.402 x 10-20 1.256 x 10% 1.410x 10-8

Calculated from the data of @Ref. 8, ¥Ref. 4.—7. and 9 Ref. 9.

| (Caffeine - Ny )
2———— (Nephthalene-Nily )

h {Caffetne - CO, )

(Naphthalene-CO; )

0.5¢

Joule

0.0 s

v(r) x 102°

-1.5p

Fig. 4. Intermolecular potential functions for several
systems as determined from the second virial coefficient
data.
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