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 Liquid ammonia has good solvency and 
selectivity for the extraction of aromatic 
hydrocarbons1,2), olefinic hydrocarbons1,2) 
or phenols3) from hydrocarbon mixtures, 
and there is a possibility of the use of 
liquid ammonia as a solvent for the 
separation of hydrocarbons. It is desirable 
to have at hand accurate liquid-equilibrium 
data in order that the relative value of 
various solvents can be compared. How-
ever, relatively few ternary systems con-
taining liquid ammonia have been investi-

gated. Moreover, even for the binary 
systems, only a few solubility data of 
hydrocarbon oils and liquid ammonia have 
been reported2,4-6). When data on the 
mutual solubilities are available, it is 

possible to predict the equilibrium rela-
tions for the ternary system from the 
mutual solubilities between solvent and 
each of two components7). 
 The paucity of information about the 
liquid equilibrium data for hydrocarbons 
and liquid ammonia prompted the author 
to obtain the knowledge of quantitative 
solubility relations. This paper includes 
solubility data for the representative com-

pounds of olefins and saturated hydro-
carbons at around room temperature, and 
those for aromatics at the temperatures 
near the critical solution temperature. 
As representative compounds of hydro-
carbons, those in the C7 to C9 range for 
aromatics and in the C6 to C8 range for 
olefins and saturated hydrocarbons were 
mainly selected. 

Experimental Procedure and Materials 

 Solubilities were determined by the same

method as described in the previous paper8'9). 
Cloud points could be determined to within
±0.05℃ or better by using the thermometer

which was graduated in tenths of a degree and

corrected by the P. T. R. thermometer. Mutual

solubilities at the temperatures far from the

critical solution temperature were obtained by

determining the composition of the two liquid

phases in equilibrium at a given temperature

(±0.05℃). About five grams(±0.0005 g)of each

of the separate phases were used for the analysis 
at each time, and the concentration of ammonia 
was determined by titrating with 0.5 N sodium 

hydroxide solution the excess of sulfuric acid 
which absorbed all ammonia in the liquid phase. 
The determination was repeated several times for 
each phase at a given temperature, and averaged. 

The average error was less than 0.1% with a 
maximum error of 0.4%. 

Except for some of the materials, which were 

commercially available products purified by the 
ordinary methods, many hydrocarbons used for 
the determination were synthesized and carefully 

purified. In Table 1, their physical constants 
are listed together with the values in the litera-
ture10). 

n-Hexane and n-octane were synthesized from 

corresponding alkyl bromides according to Wurtz's 
method. Propylbenzene was prepared from bromo-
benzene and propyl bromide by Fittig reaction. 
iso-Propylbenzene was synthesized according to 

H. Meyer et al13). o-Xylene was prepared by the 
condensation of o-bromotoluene, which was 
synthesized by means of Sandmeyer reaction
from acet-o-toluide of melting point 110℃ as a

starting material and methyl iodide using metal-

lic sodium and purified by careful distillation.

m-Xylene was obtained by decomposing m-gylene

sulfonate of melting point 60℃ which was pre-

pared and purified from a commercial product 
by removing the p-isomer according to Clark et 
al.15) after the sulfonation and the decomposition 

were repeated. p-Xylene was prepared by reduc-
ing p-chloromethyltoluene obtained by chloro-

 1) K. Ishida, This Bulletin, 30, 612 (1957). 
 2) M. R. Fenske, R. H. McCormick, H. Lawroski and 

R. G. Geier, A. I. Ch. E. Journal, 1, 335 (1955). 
 3) K. Ishida, Science Repts. Research Inst. Tohoku 

Univ., Ser. A, 5, 377 (1953). 
 4) C. A. Kraus and E. H. Zeitfuchs, J. Am. Chem. 

Soc., 44, 1249 (1922). 
 5) A. W. Francis, Ind. Eng. Chem., 36, 764 (1944). 
 6) Idem. ibid., 36,1096 (1944). 
 7) K. Ishida, J. Chem. Soc. Japan, Ind. Chem. Sec. 

(Kogyo Kagaku Zassi), 58, 637 (1955); E. N. Pennington 
and S. J. Marwil, Ind. Eng. Chem., 45, 1371 (1953); R. 
E. Treybal, " Liquid Extraction ", Chap. 3, McGraw-Hill 
Book Company,.Inc.. New York 1951.

 8) 'K. Ishida, J. Chem. Soc. Japan, Ind. Chem. Sec. 
(Kogyo Kagaku Zassi), 56, 469 (1953). 
 9) K. Ishida, This Bulletin, 29, 956 (1956). 

 10) S. W. Ferris, " Handbook of Hydrocarbons," 
Academic Press Inc. Pub.. New York, 1955. 
 11) K. Ishida, J. Chem. Soc. Japan, Ind. Chem. Sec. 
(Kogyo Kagaku Zassi), 57, 479 (1954). 
12) Idem., ibid., 60, 864 (1957). 
13) H. Mayer and K. Bernhauer, Monatsh. Chem., 

53/54, 721 (1929). 
14) Org. Syntheses, Vol. II, (1922), p. 41. 
15) H. T. Clark and E. R. Taylor, J. Am. Chem. Soc., 

45, 830 (1923).



144 Kiyoharu ISHIDA [Vol. 31, No. 2 

 TABLE I 

 PHYSICAL PROPERTIES OF HYDROCARBONS USED FOR THE DETERMINATIONS

a) This material was synthesized. 
b) This material is the reference fuel for Octane Number determination. 
c) Commercially available product was purified according to the ordinary method 
d) Commercially available product was purified according to the description in the literature.

methylation of toluene, and purified by the con-

version in to the sulfonate which melted at 86℃

after three recrystallizations from water.

Mesitylene was synthesized by sulfuric acid

condensation of acetone14).1-Methylnaphthalene

was synthesized by the reduction of 1-chloro-

methylnaphthalene which was obtained by the

chloromethylation of naphthalene, and purified

by applying chromatographic cleavage of the

picrate whose melting point was 141-141.5℃.

Methods of purifying for the other materials

have been described in the previous paper8,11,12).

Results

 Mutual solubility data of liquid ammonia
and paraffins, naphthenes and olefins are

given in Table II.
 Values for n-heptane9), cyclohexane1),
decalin12)and purified commercial hexane
which is used for the extraction of vege-
table oils1,11)are also given in Table II

for convenience of comparison. 
 As will be clear from Table II, it is 
observed for liquid ammonia-saturated 
hydrocarbons systems that within the 
experimental range, naphthenic hydro-
carbons are more soluble in liquid ammonia 
at a given temperature than paraffins 
which have the same number of carbon 
atoms, whereas the quantities of ammonia 
dissolved in hydrocarbon rich phase are 

greater in paraffins; it is also observed that 
solubilities decrease as the molecular 
weight increases. For binary systems of 
aliphatic hydrocarbons and liquid am-
monia, it is observed that logarithms of 
solubilities of paraffins in each phase are 
almost proportional to those of vapor 

pressures of these hydrocarbons at a given 
temperature, and that their solubilities 
are small compared with those of olefins. 
 The experimental data for aromatic
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 TABLE II 

 MUTUAL SOLUBILITY DATA FOR PARAFFINS, NAPHTHENES AND OLEFINS WITH 

LIQUID AMMONIA, Wt.% OF NH3

TABLE III 

SOLUBILITY OF AROMATICS IN LIQUID AMMONIA, Wt.% of NH3

hydrocarbons are given in Tables III and 

IV. p-Xylene is present as crystals at the 

experimental temperatures, but the mix-

ture with liquid ammonia was liquid over 

the experimental temperature range above 

5•Ž. p-Xylene-rich layer stayed in a super-

cooled liquid state at the temperatures of 

0•‹ and -5•Ž, and it was difficult to cause it 

to crystallize by mere agitation. Occasion-

ally, p-xylene-rich layer was caused to 

crystallize by the stimulation such as the 

release of a portion of the solution from 

the bottle containing the system, which 

closed the reducing valve and made it

impossible to continue the experiment. 

The data for p-xylene at the temperatures 

of 0•‹ and -5•Ž given in Table IV are 

values in a supercooled condition. In 

Tables III and IV, the data for tetralin12) 

and toluene9) are also adopted for com-

parison from the previous paper. 
 In Table V are given the results of the 

determinations of compositions and cloud 

points for the binary systems of aromatics 

and liquid ammonia at temperatures near 

the critical solution temperature. The 

critical solution temperatures and their 

compositions estimated graphically from
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 TABLE IV 

SOLUBILITY OF LIQUID AMMONIA IN AROMATIC HYDROCARBONS, Wt.% OF NH3

TABLE V

 CLOUD POINTS AND THEIR COMPOSITION FOR AROMATICS WITH LIQUID AMMONIA

Cl oud Pt.,℃ NH3 Wt.% Cloud Pt.,℃ NH3 Wt.% Cloud Pt.,℃ NH3 Wt.%

* Critical solution Temperature . 
** Critical Composition .
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the data given in Tables III, IV and V

are also given in Table V.

The critical solution temperatures for

toluene9)and iSO-propylbenzene with liquid

ammonia in the present investigation,

-7 .4°and 20.0℃, are lower than those

given in the literature6),-5°and 25℃,

respectively. But, the value for m-xylene,

14.6℃,agrees with that obtained by Kraus,

et al.4),14.7℃, which is believed to be

accurate. The critical composition for

this system is 81.5 mole per cent. of am-

monia and compared with the Kraus'value

of 81.4 mole per cent. ammonia. The

critical solution temperature for 1-methyl-

naphthalene with liquid ammonia is 28.8℃

by the present determination, compared

with the Francis'value of 28℃6).

In the case of all these systems, it will

be clear from Tables II, III and IV that

solubilities in both phases are smaller at

lower temperatures exhibiting positive

deviations from Raoult's law, and roughly

symmetrical on the basis of weight frac-

tion. However, as the molecular weight

of ammonia is considerably small com-

pared with that of any other component,

the solubility curves lean to the ammonia

side on the basis of mole fraction expres-

sing unsymmetrical form, as shown in

Fig. 1. The mole fractions of ammonia in

hydrocarbon-rich phase are greater than

those of oils in liquid ammonia rich phase.

Solubilities of these hydrocarbons in liquid

ammonia are less than 10 mole per cent.,

except for the cases in the neighborhood

of the critical solution temperature, and

the solubility change in ammonia-rich

phase due to temperature variation is

small . compared with that in the hydro-

carbon-rich phase.

 In Fig. 1, in addition to the mutual

solubilities of aromatic hydrocarbons and

liquid ammonia, the concentrations of

ammonia in hydrocarbon-rich phase for

other representative hydrocarbons are

shown on the basis of mole fraction. The

values of Kraus, et al. for m-xylene are

also given for comparison. Solubility

curves forparaffins, naphthenes and

olefins in liquid ammonia-rich phase are

omitted in the figure except for n-heptane,

because they are so nearly of the same

order that the curves for them can not be

expressed clearly without overlapping.

Summary 

 In order to obtain the quantitative 
knowledge on the solubility relations for

Fig. 1. Solubility curves for some hydro. 
 carbons and liquid ammonia. 

 1. Styrene 
 2. Toluene 
 3. Ethylbenzene 
4. o-Xylene 
 5. p-Xylene 
 6. m-Xylene (¥Kraus value) 
 7. iso-Propylbenzene 
 8. Propylbenzene 
 9. 1-Methylnaphthalene 
10. Mesitylene 
11. Tetralin 

 12. 1-Octene 
13. Cyclohexene 
14. 2, 2, 4-Trimethylpentane 

 15. n-Heptane 
16. Methylcyclohexane 
17. Decalin

liquid ammonia systems, mutual solu-
bilities of aromatic hydrocarbons and 
liquid ammonia were determined at the 
several temperatures near the critical
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solution temperature, and data for other 

hydrocarbons were mainly obtained at 20•‹ 

and 0•Ž. These results were presented in 

tables and a figure.
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