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The experiments described i this paper were undertaken for the
purpose of obtaining the necessary data upon whicl to base a satisfac-
tory miethod for thie separation of some of the constituents of lieadaclie
powders., The object was to find solvents i1 which the solubility of oue
or more of the above named substances differed most from that of the
otliers under the samme conditions. Tle determinations were therefore
not made with tlie care whichh should be devoted to results subuitted
primarily as solubility constants, since it was recoguized that only wide
differences in the actual amounts of the several substances dissolved by
a single solvent, could be utilized for the quantitative separation of mix-
tures of these compounds.

A search of the literature indicated that comparatively few solubility
results whicli could be used for the purpose. were available. Tlie usual
reference books upon plhiarmacentical and organic chemistry give approxi-
mate determinations for eaclt of tliese substances i the niore conuuon
solvents sucl as water, alcoliol, ether, chloroform. ete. In addition to
data of this character there were found results upon the solubility of
acetanilide 111 methyl aleohol, ethyl alcoliol, and chiloroform by Spevers'
and iu mixtures of ethiyvl alcoliol and water by Holleman aud Antusch .’

The 1aterial used for the determinations here recorded was i1 all cases
that sold under the designation C. P. or U. 8. P. The experiments
were made at room temperature and therefore tlie temperatures re-
corded are probably accurate in1 most cases to within a degree or two.

The method of determination was as follows : About 30 cc. of the sol-
vent and an excess of tlie solid in eacli case were placed in glass stoppered
cylinders whicl were thien attaclied to an axle whiclh was rotated by
means of a water motor. All determinations in any one solvent were
made simultaneously and hence are comparable in so far as temperature,
tine of shaking etc. are concerned. The time of rotation was at least
six hours in all cases, usually much longer. ‘T'he removal of u clear
portion of thie solution was effected by drawing it up with the aid of
suction into a pipette provided witlt a filter of absorbeut cotton at tlie
opening through which the liquid entered. ‘The solution was tlien
transferred to a pycnometer and after being weighed was waslied (usually
with alcoliol) into a tared platinunt dish. ‘The solvent was thicu re-

moved by evaporation at room temperature withh the aid of aur electric
! Spevers, Am. J. Sci. (47, 14, 294, (1go2).
* Holteman and Antusch, Rec. trav. chimn., 13, 293, (i894).
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fan. ‘The residue remaining in the dish was alternately weighed and
dried at 60" until no further loss occurred.

In the case of benzaldehyde, the benzoic acid formed during the evap-
oration was determiined by titration with standard alkaliaud its amount
deducted from the total weight of residue found. With salol in benzal-
dehyde, however, a determination could not be made since uno solid
separated even on continued evaporation of the solution by means of the
current of air.

The first series of determinations were made in aqueous ethy! alcohol
solutions and the results are presented in Table I together with those of
Holleman and Antusch upon similar aqueous alcoholic solutions, deter-
mined at 25°. Eight saturated solutions were prepared and rotated at
the temiperature of the room which held closely at 30° for several hours
previous to the withdrawal of portions for the analysis.

TABLE 1.
SOLUBILITY OF ACETANILIDE IN MIXTURES OF ETHYI, ALCOHOL AND WATER.
Results at 23°1 Results at 30°
Weight
Percent Gms. C;H,NHOCH; Sp gr. Gins. CyH;NHOC.H;, Sp. gr.
Alcohol per 100 guIs of per 100 gms, of
in Mixtures Sat, Solution Solution Sat. Solution Solution
o 0.54 0.997 0.69 1.000
10 0.93 0.985 1.00 0.984
20 1.28 0.973 2.20 0.970
30 2.30 0.962 4.80 0.956
40 4.85 0.950 9.40 0.945
50 8.87 0.939 15.40 0.934
60 14.17 0.928 22.00 0.926
70 19.84 0.918 27.60 0.917
8o 25.17 0.907 31.20 0.907
83 26.93 0.899 31.70 0.900
4o 27.65 0.8g0 31.60 0.893
95 26.82 0.874 32.80 0.883
100 24.77 0.851 29.00 0.876

The weight percents of alcohol in the eight water alcohol mixtures
used were calculated from their specific gravities determined by the
pycnonleter method. The dissolved acetanilide was deterniined by weigh-
ing the residue left after the evaporation of the solvent from weighed
portions of the saturated solutions. The interpolated values shown in
the table were read from the curve drawn through the eight points plotted
on cross section paper. For this curve, the weight percents of alcohol
in tlie alcohol-water mixtures were taken as abscissas and the grams of
acetanilide per 100 grams of solution as ordinates. ‘The curve plotted in
the same manner from the 25° results of Holleman and Antusch lies sonie-
what below the 30° curve but iir all other respects the two are entirely
similar. An examination of these curves shows that the amount of dis-

1Holleman and Antusch.
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solved acetanilide increases at first slowly witlt increase in concentration
of alcoliol, and then quite rapidly up to the maxima, whicl in the case
of the 23° curve is at go weight percent alcoliol and in the case of tle
30° curve is at 83 percent alcoliol.  Above these concentrations of alco-
10l the solubility diminishes in each case. A satisfactory explanation
for tlis increased solubility of acetanilide i1 alcohol containing 10 per-
cent water (and even more at a higler temperature) is at present not
apparernt,

The solubility of acetanilide in methyl alcoliol, ethyvl alcoliol and in
in chloroform as determined by Speyers' is reported in terms of gram
molecitles of acetanilide per 100 gram 1molecules of the solvents at ir-
regular temperatures, and in addition tlie weights of thie saturated solu-
tions are given for othier temperatures than those at which the solubility
determinations were made, Altliough no new results for tliese solvents
liave been determined by the present writer it was tlhiought of iuterest
to recalculate those of Spevers to the basis selected for presenting all the
other solubility determinations included herewith. ‘This has been done
and the results given 1 Table II.

TABLE IL

SOLUBILITY OF ACETANILIDE IN METHVL ALCOHOL, ETHVL ALCOHOL AND IN
CHLOROTORM ($PEVERS).

In Methyl Aleohol In Ethyl Alcohol In Chiloroform
Ten- ——
per- Gms. CGH:NHOC,Hz Wt of Gms.CiH:NHOC,H; Wt. of Gms C;H;NHOC.H; Wt.of
a- Pper 100 gms. 1CC. per 100 gms, 1 ccC. per 100 gms. 1CC.
ture, Solution Solution Sotntion Solution Solution Solution
o) 18.5 0.560 12.8 0.842 3.33 1.503
10 23.1 0.864 16.7 0.844 7.24 1.475
20 29.1 0.875 21.3 0.850 10.7 1.}40
30 35.1 0.892 26.3 0.860 4.5 1.398
40 12.9 0.911 32.9 0.874 18,7 1.354
50 51.7 0.932 39.4 0.595 23.7 1314
60 39.2 0.957 46.4 0.920 29.1 1.272

In Table III is shown the comparative solubilities of acetanilide,
phenacetine, caffeine and salol in twelve different solvents, Although
this number is not as large as would be desirable i1 order to fully accom-
plish the purpose nientioned in the first part of this paper, it is believed
that a fair degree of success can be attained in the separation of mixtures
of at least three of the above nanied substances on tlhe basis of tlie
results shown in the table. Thus it may be expected that with proper
nianipulation either toluene, benzene or xylene will remove salol when
mixed with the other three compounds, and amy! alcoliol or acetate will
effect a separation of caffeine from1 a mixture of this substance with
acetanilide and phenacetine. It is seen that with none of the solvents
is there a wide difference between the solubility of acetanilide and phen-
acetine.

Ioc. cit.
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TABLE III.
SOLUBILITY OF ACETANILIDE, PHENACETINE, CAFFEINE AND SALOIL IN ORGANIC

SOLVENTS.

Grams per 100 grams saturated solution:

Solvenut. ofss%l\gerr'lt. t? Acetanilide. Phenacetine. Caffeine. Salol.
1Water 0.997 25 0.56 0.11 2,14 insoluble
TEther 0.716 ¢ 7.7 1.56 0.27
IChloroform  1.476 ¢ 16,6 4.76 I1.0
Acetone 0.827 30-31 3I.15 (0.902) 10.68 2.18 (0.832) go.99
Beuzene 0.872 ¢ 2.46 (0.875) 0.65 (0.873) 1.22 (0.875) 88.57(1.148)
Benzaldehvde 1.0355 “ 18.83 (1.068) 8.44 (1.063) 11.62 (1.087) ?
Amylacetate 0.860 *10.46 (0.882) 2.42 (0.865) ©0.72 (0.862) 85.29(1.136)
Aniline 1.02 “ 19.38 (1.034) 9.46 (1.025) 22.89 (1.080) very soluble
Ampylaleohol 0814 25 14.00 3.51 (0.819) ©0.49 (0.810) 20.44 (0.869)
Acetic acid? 1.035 21.5 33.21 13.65 (1.064) 2.44 63.24 (1.143)
Xylene 0.847 32.5 1.65(0.847) 1.25 (0.847) 1.11(0.847) 87.14+
Toluene 0.862 25.0 0.350 (0.862) 0.30 (0.863) ©0.57 (0.861) 83.62(1.128)

Figures in parentheses are tlie specific gravities of the saturated solutions.

Fairly good results have been obtained by the author in separating
mixtures of different amounts of salol, caffeine, and acetanilide by
digesting first in toluene for the removal of salol and then in amy!l
alcohol for the removal of the acetanilide.

As is shown by the table, none of the four compounds are completely
insoluble in any of the solvents, aud consequently it cannot be expected
that a very sharp separation can be made. This is especially true for
mixtures containing relatively small amounts of either of the substances.
It is also to be mentioned that the influence of the presence of oie sub-
stance upen the solubility of the others in the mixture has not been
investigated and therefore conclusions based upon the solubility of single
substances i1 a given solvent may be considerably in error when applied
to niixtures of two or miore substances acted upon by the same solvent.

The author regrets that circumstances have prevented the extension
of these determinations to a larger number of solvents and the applica-
tion of the results to a miore accurate method of separating and deter-
mining the constituents of headache powders.
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While continuing tle investigations described in the previous paper a
suggestion was obtained which has led to the following method for deter-
! Results from U. S. P., 8th Revisiomn.
*99.5 %



