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CCCCVII.—Selective Solvent Action. Part VII. Solu-
bilities im Mizxed Solvents.

By Nora Grege-WiLsoN and ROBERT WRIGHT.

SEVERAL cases are known of increased solubility in mixed solvents,
even when the solute is only slightly soluble in one constituent
(Holleman and Antusch, Rec. trav. chim., 1894, 13, 277; Anglescu
and Dumitrescu, Z. physikal. Chem., 1928, 132, 127). Solutes
which show this behaviour are generally of a complex character,
and this suggests a possible explanation of the phenomenon. A
given solvent dissolves certain types of solute more easily than
others : water dissolves hydroxylic compounds, benzene dissolves
hydrocarbons, and alcohol has intermediate properties; it there-
fore seems probable that the solubility of a complex solute in
different solvents is due to the action of different groups in the
solute. Hence, when such a solute is added to a binary mixed
solvent, each constituent of the solvent acts on the appropriate
radical of the solute, and the two-fold effect on the solute may
result in increased solubility.
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The organic acids (except oxalic acid) and their salts are simple
examples of solutes with two different groups, and such substances
might be expected to show an increased solubility in aqueous
alcohol. The values in Table I are taken from Seidell’s results

TasLE 1.

Solubilities of various organic salts and acids in aqueous ethyl
alcohol at 25°.

(G. per 100 g. of solvent.)
EtOH, % by weight.

09,. 109%,. 509,. 909,. 1009.
Solute. Found. Calec. Found. Calec. Found. Calc.
Benzoic acid ... 037 060 6-18 205 294 56-3 42-6 585
Salicylic acid ... 025 0-38 519 138 250 457 447 497
Camphoric acid 0-76 1-62 10-73 45-0 506 1054 904 100-5
Stearic acid ...... 0-03 004 093 0-18 4-54 341 813 9-05
Tartaric acid ... 137-5 127-3 1265 886 825 408 386 27-6
Na benzoate ... 56-3 545 507 345 285 2:88 6-17 0-605
,, salicylate ... 1155 109 104-3 731 597 17-6  15-12 3-97
NH, benzoate ... 22-0 219 207 204 123 4-37 3-77 1-65
,» salicylate ... 103 101-5 93-0 877 657 46-2 362 288

(U.S. Hyg. Labor. Bull. No. 67) and from his tables, and the calcu-
lated values are based on the ‘ mixture >’ rule. The results are in
agreement with the view put forward, the double solvent attraction
being that of the alcohol on the hydrocarbon radical and of water
on the carboxyl group. It may also be noted that, if the solute
is fairly soluble in both constituents, then abnormally high solubility
occurs with all proportions of the mixed solvent, whereas if the solute
is only slightly soluble in one constituent, then the maximum
increase occurs with a mixture rich in the other constituent. Stearic
acid shows no exaltation in solubility, but it is almost a hydrocarbon
and has a very slight solubility in water, so an exaltation would
only be expected in almost absolute alcohol.

In the present paper the work has mainly been confined to an
examination of the solubility of acetanilide in a number of binary
solvent mixtures. The results (Table II) are in accordance with
the views put forward. The solubility in water is probably due to
the carbonyl and imino-groups; alcohol will probably act, in
addition, on the hydrocarbon portion of the molecule, resulting
in an increased solubility for certain compositions of the mixed
solvent. The effect should be greater with the higher alcohols,
as they have greater solvent power for hydrocarbons. Thus the
effect is absent with water-methyl alcohol, and is greater with
propyl alcohol than with ethyl alcohol. Again, in alcohol-benzene
mixtures, the benzene probably acts only on the phenyl group,
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Solubilities of acetanilide in mixed solvents at 20°.

H,0 + MeOH.
% Solubility.
MeOH —————
(by wt.). Found. Calc.
46-0
100 46-0 —
A 43-6 X
962 y30 443
42-0
935 450 430
_ 375 )
866 o2 399
231
T Gas 331
T2
49-8 Ts 231
or. 1-5 .
254 o 121
0-52
00 g5z —
CH; + MeOH.
o Solubility.
CHy ————
(by wt.). Found. Calec.
1.05
100 1-08 —
354
815 Sig 9.4
628 0% 17.9
546
425 20 270
52-9
218 250 363
0 46-2 —_

MeOH 4 EtOH.
% Solubility.
MeOH . ————

(by wt.). Found. Calec.

100 -
83 55 433
M4 00 41
503 372 31
337 32 g4
177 g{g 31-9

00 288

28-8 -

(G. per 100 g. of solvent.)

(a) Agqueous alcohols.

(¢) Mized alcohols.
EtOH 4+ PrOH.
% Solubility.
EtOH —m———

(by wt.). Found. Calc.

100 55—
900 19 281
794 ot 273
591 308 259
w07 525 a6
199 250 232

00§ —

H,0 + EtOH. H,O - PrOH.

% Solubility. 9% Solubility.
E{OH ———  POH ———
(by wt.). Found. Cale. (by wt.). Found. Calc.
100 s — 100 g
952 1% 215 953 293 215
904 322 260 900 3% 203
sa2 31 243 w50 330 103
148 538 e16  se2 136 19s
525 158 153 85 O3 s
263 5 T9 163 1% 41

052 052
00 o5z — 00 g5z —
(b) Benzene—alcohol mixtures.
C,H, -+ EtOH. C,H, + PrOH.

o Solubility. o Solubility.
CGHG —— SHG —
(by wt.). Found. Cale. (by wt.). Found. Calec.
100 yos — 100 1o3 —

21 5
838 il 56 830  jon 4T
. DR
638  Spo 111 580 es 100
. 20.

a7 3BT e a0 BT 136
200 533 933 188  ori 183
00 288  — 00 226  —

PreOH -+ Pr8OH.
% Solubility.

PraOH ———
(by wt.). Found. Cale.
00 38—
833 330 225
712 2338 229
46-2 gg:g 24.0
24.7 gg:fj 24-9
00 359 —
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and the alcohol acts in addition on the carbonyl and imino-groups.
The increased solubility is less marked in mixtures of the higher
alcohols with benzene, for such alcohols are more similar to benzene
in their solvent properties and hence the two constituents of the
solvent do not have different effects. When the constituents of
the mixed solvent resemble one another very closely, the solubility
almost follows the mixture rule. Methyl-ethyl alcohol and ethyl-
propyl alcohol mixtures behave in this manner.

The above view is, however, incomplete, since it neglects the
action of the solvent constituents on one another. Solvate
formation, since it decreases the latent valencies, should diminish
solvent power; and dissociation, of one or both constituents
due to the presence of the other, should increase it. Again,
since hydrocarbons possess only one type of radical, they should
not show abnormal solubility in mixed solvents. Few measure-
ments have been made with these substances, but Tyrer (private
communication to Seidell) has shown that anthracene in benzene—
pentane or benzene-heptane mixtures always shows a sub-normal
solubility. The results found by the authors for phenanthrene in
mixtures of water and the alcohols are in Table I1I, and, like those
for anthracene, show only a decreased solubility. On the other
band, Disselkamp (Z. physikal. Chem., 1926, 123, 99) has found
an increased solubility for anthracene in several liquid mixtures,
and attributes the result to interaction between the solvent cone
stituents. He further draws a parallelism between the solvent
power and the vapour pressure of a mixed solvent; but such a
view must also be incomplete, since it would necessitate a constant
form of solubility curve, independent of the solute, for any given
binary solvent.

TasLe III
Solubility of phenanthrene in aqueous alcohol at 20°.
(G. per 100 g. of solvent.)

H,0 + MeOH. H,0 + EtOH. H,0 + PrOH.
% Solubility. % Solubility. % Solubility.
MeOH - —— EtOH —4—m———— PrOH —m'——
(by wt.). Found. Calc. (by wt.). Found. Calc. (by wt.). Found. Calec.
3:17 4:16 3:53
2:24 275 2:93 A
1-22 2:14 2-68 A
. 0-63 1-25 . 1-50 X
790 460 251 80:0 1.9 332 790 .50 277
0-10 0-33 1-04 .
0-0 0-0 — 379 0-0 1-57 0-0 0-0 —
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Ezperimental—The methyl alcohol, ethyl alcohol, and benzene
were the purest obtainable from the British Drug Houses, and
boiled over a range of less than 0-1°. The propyl alcohol was
prepared from the commercial product, and its b. p. varied over 1°.
The determinations were carried out by shaking solvent and solute
in a thermostat in a small stoppered tube, withdrawing a sample
by means of a pipette, and evaporating it to dryness at 40° under
diminished pressure. Preliminary tests showed that the solutes
were not volatile under such treatment.

In conclusion, we desire to thank Mr. J. C. MacMaster for carrying
out some of the preliminary measurements.
Grasgow UNIVERSITY. [Received, July 27th, 1928.]



