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Of reference books for this class of data, the pharmacopeeias of the
various countries are particularly subject to differences in the values
quoted. This fact was very forcibly demonstrated by a compilation
made by me? some two years ago of the solubilities and other
physical constants reported by the latest pharmacopeias and phar-
maceutical reference books, The extent of the variations for some
of the compounds, especially the inorganic salts, was not very great;
for many others, however, there was no way of deciding which of the
reported values were nearest the truth. This was especially the case
with the alkaloids, and to a large extent with the other organie com-
pounds of the pharmacopeeias. The matter was still further com-
plicated by the fact that very concordant results were sometimes
reported, although the standards of temperature, purity, ete., indi-
cated that such good agreement was not justified, thus showing that
the compilers of these works of reference frequently borrow from one
another without giving the information which would enable the
reader to consult the original source of the data. These difficulties
and many others made it impossible to gather from the compiled
solubility values the particular ones which might be considered the
most reliable; in fact, the great number of different figures only
added to the uncertainty and made it apparent that the publication
of the compilation could serve no other purpose than to call atten-
tion to the need for renewed investigations of the solubilities of the
pharmacopeeial compounds. The original. intention of publishing
this compilation as a bulletin from this laboratory was therefore
abandoned in favor of publishing only such values as we might be
able to determine with accuracy or select from the chemical literature
as of undoubted reliability.

Although, as has been pointed out above, the solubility data for
alkaloids and their salts are perhaps most in need of careful revision,
the lack of a sufficient amount of material and of satisfactory methods
for their accurate determination made 1t advisable to leave this class
of substances for a later study and take up first a group which
offered less difficulties and for which, after the alkaloids, there
appeared most need for careful investigation. This group is that of
the organic acids and their salts, and is composed of about 40 com-
pounds, the solubilities of very few of which, in the solvents pre-
scribed by the Pharmacopeeia, have been reported in recent chemieal
literature. For this group of compounds, therefore, original deter-
minations were required for practically every member.

In the present bulletin the arrangement is alphabetical according
to the names of the acids, with the salts of each immediately follow-

a« For a more complete description of this compilation, with comments, see Proc.
Am. Pharm. Assoc., 85, 475479, 1907.
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EXPERIMENTAL METHODS,

In all cases attempts were made to purify the material used for
the solubility determinations at least to the extent required by the
purity rubric of the Pharmacopeeia. In a very few cases this could
not be done with certainty, but in the others was accomplished suc-
cessfully. The samples were analyzed quantitatively and the results
reported in connection with the solubility determinations in most
cases. It is believed that in those cases where the presence of cer-
tain very small amounts of unknown impurities were indicated by
the analyses they were not sufficient to exert an appreciable effect
upon the solubility values reported. This is concluded from the
observation that in several instances determinations made upon
samples containing considerable more impurity than shown by the
analyses of the majority of the following compounds did not differ
appreciably from the results obtained with the material of the highest
purity.

All of the solubility determinations, except those for the liquid
compounds, ethyl acetate, methyl salicylate, and oleic acid, were
made under strictly identical conditions. A constant temperature
water bath, regulated to within + 0.05° of 25° C., was used. The
saturated solutions were prepared by mixing the solvent and the
salt in thick-walled test tubes of about 15 to 20 cubic centimeters
capacity, closed with well-washed rubber stoppers. Glass-stoppered
eylinders were used for the determinations made in organic solvents,
The test tubes or cylinders, as the case might be, were attached to
a rotating frame immersed in the water bath and revolved upon
the axis parallel to the diameter of the test tube at a rate of about
six revolutions per minute. Egquilibrium was assured in most cases
by analyzing solutions which had been agitated for different lengths
of time. In those cases where only one series of determinations was
. made the time of shaking was continued long enough to insure
complete saturation. Care was taken that a suflicient excess of salt
was in contact with every solution at the saturation point.

The time allowed in the present experiments for obtaining satu-
rated solutions is not necessarily an indication of the time that is
actually necessary. It is very probable that the saturation point
could be reached in very much shorter time than indicated in most
of the following experiments, but since the object was to ascertain
the true solubility in the several cases care was taken that sufficient
time for obtaining the maximum solubility should be allowed in
every case.

A sufficient quantity of each of the aqueous alcoholic solutions for
all of the experiments was prepared at the beginning and the specific
gravities of these solutions carefully determined by the pycnometer
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method. These determinations were made upon the solutions
cooled to 15°, and the weight per cents of absolute aleohol (C,H,OIT)
corresponding to each was read from the U. S. Pharmacopeeia aleohol
table.

The general plan of analyzing the saturated solutions was as
follows: At the end of the period of rotation the tubes were placed
in an upright position in the bath until the undissolved salt had
settled to the bottom. Wach tube was then removed to the labo-
ratory table in a beaker filled with the water of the constant tem-
perature bath, and immediately thereafter the supernatant clear
liquid was siphoned directly into a 10-cubic centimeter pyecnometer
with the aid of a suction pump. The suetion siphon used for this
purpose consisted of a closed glass cylinder just large enough to
contain the pyenometer. The siphon tube passed through the stop-
per of this cylinder directly into the mouth of the pyenometer.
Another glass tube through the stopper served to connect the appa-
ratus with the suction pump. In those cases where there was sus-
pended matter remaining in the saturated solution a small tube
containing a plug of cotton or of glass wool in the case of organie sol-
vents was attached to the end of the sjphon which was introduced into
the saturated solution. After filling, the pyenometer was weighed
and, in the case of salts which could be dried without decomposition,
the saturated solution was transferred to a weighing bottle, evapo-
rated to dryness, and the residue weighed. With the organic acids
which could be titrated, or with the salts which decomposed on dry-
ing, the saturated solutions were transferred to graduated flasks and
aliquot portions analyzed in the most convenient manner.

The results in all cases were calculated to the grams of salt dis-
solved in 100 grams of the saturated solution. The figures were
plotted as the abscisse and the weight per cents of aleohol in the
several solvents as the ordinates on cross-section paper. The curve
drawn through the several points represents the solubility of the
particular salt in the aqueous alecholic solutions of increasing con-
tent of aleohol. From this curve the fizures corresponding to regular
intervals of alcoholie strength of the solvent were read.

The specific gravities are in all cases the weight of a given volume
of the saturated solution or of the aleoholic solvent divided by the
~ weight of an equal volume of water at the same temperature, i. e.,
d§§, or for the aleoholic solvents, di%.

ACETIC ACID AND THE ACETATES.

The solubility of acetic acid.—Although this acid mixes with water,
alcohol, and the ordinary organic solvents in all proportions, numer-
ous experiments have shown that when a given quantity is added
to a mixture of equal volumes of water and an immiscible solvent
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in an oven at about 150°, and weighed as PbSO,. The solubility of
lead sulphate in water is stated to be 0.041 gram per liter, and
therefore in case the filtrate and washings in the determination as
above outlined amount to 100 cubic centimeters the error, when a
0.5 gram sample is employed, may amount to 1 per cent. It is
probable, however, that the excess of sulphuric acid used for the
precipitation would lower this error somewhat.

A number of commercial samples of lead acetate examined in this
laboratory by the above method gave results showing, when calcu-
lated to Pb(C,H,0,),+3H,0, a variation between 101.6 and 106.1
per cent. The pharmacopeial requirement of 99.5 per cent
Pbh(C,H,0,), +3H,0 appears, therefore, to be practically unattain-
able. None of the samples gave a clear solution with recently boiled
distilled water, as required by the pharmacopeia. Each of them
smelled strongly of acetic acid, and as far as could be judged differed
only in the extent to which the volatilization of this constituent had
proceeded. It would be interesting to determine the vapor pressure
conditions under which a compound of the theoretical composition
exists, but for the purpose of the present solubility determinations
such a study does not appear of particular importance.

The sample of lead acetate used for the following experiments was
the one which contained upon analysis the amount of lead (57.9 per
cent) corresponding to 106.1 per cent Pb(C,H,0,),+3H,0. In
appearance it differed from the one containing 101.6 per cent of the
salt only in being less moist, and would probably be selected by
most persons as the better sample. Although it might be possible
to prepare a quantity of lead acetate of the theoretical composition,
calculated from the determination of the lead, it iz doubtful whether
such a sample would really be of 100 per cent purity, sinee adhering
moisture and acetic acid would probably be present, and the true
composition of the salt in hand might vary as far in the opposite
direction as the present sample goes toward the basic salt. The
question would then resolve itself into what effect the difference in
amounts of acetic acid might have upon the solubility in the aqueous
aleohol solutions and would require solubility determinations in solu-
tions containing varying amounts of free acetic acid. The following
results show the position of the curve for a sample of lead acetate
containing a certain amount of the basic salt. Another sample
would no doubt give slightly different results, but, as pointed out
above, the same uncertainty would be present in both cases.

Two series of determinations were made in the present case. The
second was ljnr the particular purpose of establishing the point of
change of solid phase from the hydrated to the anhydrous salt. The
lengths of time of the shaking for reaching the saturation point were
respectively two and four days. The saturated solutions were per-
fectly clear in all cases, but upon dilution, preparatory to making
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The solubility of potassium acetate in aqueous aleohol solutions.—The
pharmacopeeial method of analysis of the sodium and potassium salts
of organic acids consists in incinerating the sample, extracting the
charred residue, with water, and titrating the filtered solution with
0.5 N HCI, using methyl orange as the indicator. This procedure,
although perhaps satisfactory for some of the salts to which it is
applied, requires a modification for the attainment of accurate results
in the case of certain of the others, notably sodium benzoate. A
number of experiments with this salt (for details see p. 28) showed
that a part of the alkali can not be successfully extracted from the
charred residue, and therefore low results are obtained unless the
unburned carbon is subsequently ignited and the residue dissolved
in water and mixed with the main extract of the ignited sample.
Although no experiments have been made with other salts than
sodium benzoate to ascertain the extent of the error due to the neglect
of this modification, qualitative observations indicate that it may
arise with practically all of these salts. This procedure was therefore
followed in all the analyses of these compounds reported in the
following pages.

Two samples of potassium acetate from different sources contained,
respectively, 96.4 and 96.7 per cent CH,COOK. Since this compound
absorbs moisture very rapidly, it appears that this low result might
be due to adhering water. That this was not the case, however, was
shown by analyzing one of the samples after drying in an air bath at
160° for six Hours and overnight in a vacuum desiccator containing
concentrated H,80,. The second analysis showed a purity of only
97.6 per cent.

In order to obtain a product of greater purity than the purchased
samples, a portion of one of them was reerystallized from hot 95 per
cent alcohol, washed with a little aleohol, and dried in a hot air bath
at 135° to 140° for fifteen hours. Duplicate determinations showed
the material to contain 99 per cent CH,COOK. The free acid present
corresponded to less than 0.2 per cent CH,COOH. The recrystallized
sample was used for the solubility determinations contained in the
accompanying table, No. V.

Two series of determinations were made. In the one the period of
shaking was two and in the other four days. Some difficulty was
experienced in withdrawing sufficient amounts of the clear saturated
solution for analysis, since the undissolved excess of salt settled
imperfectly. The weighed saturated solutions were transferred to
weighing bottles, evaporated to dryness in an air bath, and dried to
nearly constant weight at a temperature of 120° to 140°. Portions of
each of the residues were analyzed, as above described, for the original
samples and the amount of anhydrous CH,COO0K present in each
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quite probable that the sample used for the present investigation
represents as good quality as the market may be expected to afford.
Only one series of determinations was made, but the time allowed
for the attainment of saturation was five days. The saturated solu-
tions were analyzed by
= B o precipitating the whole
b5 P :
~ amount or an aliquot
Y part by means of dilute
\kz}% sodium ecarbonate solu-
\ tion, as described above.
The zine oxide residues
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\ \ cases by ftitration with
standard acid and shown
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Although the amount in
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Fi6. 1.—Curves showing the solubilities of the acetates in {here 1s little doubt that

aquecus aleohol solutions at 25°, % onrastadcob 1he anh}r-

drous salt, as was demonstrated for the amorphous lead acetate in
contact with the strong alcohol solutions.

TasLe No. VIL—The solubility of zinc acetate in aqueous solutions of ethyl aleohol
at £5°.

EXPERIMENTAL DETERMINATIONS.

Solvent.

pecific
i i F““'“F of | Acetate per 100 grams saturated
|Pcrmnth saturated Wmluml E
Epﬂciﬂc' mvlt:. et mﬁ"l solution
at | CH,OH. | 63 |
— e e
Drigt. Hy» 0.0 1.168 m‘rg%":f?fﬂ
5 1 ¥ | . phn+2H0 -
0. 9856 &9 | ILim 27, 64 (CaHyOp)aZm + 2H20
0. 9545 320 | 1,148 10,78 G‘H'G'E::u+mﬂ
0. 5718 .2 0, B78 7.0 (CeH305)sZ n+2H0
oes | oas | Oom 351 (o gm0
Ay .
0. 7941 0. 8 0. O Zn

TOG 118 (CaH305)sZn

e - —

e






24

TasLe No. VIIL.—Solubility of benzoic acid in aqueons ethyl aleohol solutions at 25°—

Continued.
CALCULATED RESULTS.

The above results plotted on cross-section paper gave a curve from
which the following fizures were obtained:

S CeHL.COO0H per
Percent by | o BoiClG i 1| Py Tt
weight o
Ciioi | mmed 1= | epe
in solvent. BEG Batura .
| at 25°, solution. Solvent. | COOH.
‘l — —d —— . =
I Frams. (Frams. (Frams
0.0 1. 0 (. 367 0. 3068 271.40
10.0 0, B85 (. (#H) 0. 04 165. 30
0.0 0, 570 1. 700 1. 730 57.80
0.0 0. B59 3. 000 4,060 | 24. 60
40, O 0. 851 0. 10 10,000 | 0.
500 0. 46 17. (00 20, 470 4. &R
. 0 0.043 3. BOD al. 230 3.20
T 0, {4y 20, 700 42. 250 B
. i 0. 4 4. 00 51. 530 1.4
0. 0 0. 2 3. (00 5i5. 240 1.78
af2 3 0. 519 3. 200 56. 740 1.76
HR, [, s i, DK 58. 480 1.71

all. 8. I’harmmpfela strength.

The solubility of benzoic acid in organic solvents.—The solvents
used for the determinations were obtained from different sources;
the amyl aleohol, chloroform, ligroin, nitrobenzene, and toluene were
the Kahlbaum products, the amyl acetate, benzene, cumene, and
turpentine (double distilled) bore the Eimer and Amend label.
A 5 cubie centimeter portion of each solvent was shaken with water
and the acidity toward phenolphthaleine determined by titration
with 0.1 N NaOH. Only the samples of naphtha and turpentine
showed enough acidity to require a correction in the amount of alkali

necessary for the saturated solution of the benzoic acid in these two

solvents. No other quantitative tests were made of the purity of
the solvents. The densities quoted in the table (No. IX) were taken
for the most part from the second issue of Olsen’s Chemical Annual
and were used in the calculation of the grams of benzoic acid dissolved
per 100 cubie centimeters of the several solvents.

The solubility determinations were made by rotating the glass-
stoppered cylinders containing the solvents and an excess of the
benzoic acid for four days at 25°. The clear saturated solutions
were then weighed in a pyenometer, transferred to a glass-stoppered

bottle with water, a few drops of phenolphthaleine added and the

mixture titrated 1&11;11 0.1 N NaOH solution.

£ il
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er cent free benzoic acid. A determination of the lithium by the

harmacopeeial method gave an average amount corresponding to
99.2 per cent lithium benzoate. The sample was therefore well
‘within the limit of purity required by the Pharmacopeia, viz., 98.5
‘per cent. It appears that the pharmacopeial statement regarding
the reaction of lithium benzoate to indicators should be changed to
prescribe neutrality toward litmus (or better the omission of reference
to litmus) and not exceeding a definite acidity toward phenolph-
thaleine, The additional pharmacopial tests applied to the present
sample gave further evidence of its satisfactory quality. The benzoic
acid obtained from it gave a melting point of 121° (cor.) and the
lithium chloride dissolved practically completely in amyl aleohol and
contained Cl corresponding to a purity of 99.7 per cent. Although
for some reasons it might have been better to have used a sample of
more nearly 100 per cent purity than the present one, it is probable
that the small percentage of free benzoic acid could not appreciably
affect the solubility values obtained. In preparing the saturated
solutions, an excess of salt was added to each solvent in the usual
way and the tubes rotated at 25° for two days. The weighed portions
of the saturated solutions were transferred to weighing bottles and
evaporated in a vacuum desiccator containing concentrated sulphuric
acid. No especial attempt was made to carry the desiccation to the
end, but only until the residues were sensibly dry. Portionsofeach
were then removed and the lithium determined as sulphate by fusion
with ammonium sulphate according to the method of the pharma-
copeeia. The weight of anhydrous benzoate in each residue was then
calculated from the lithium sulphate found. The curve which was
obtained (see Plate No. II) is perfectly regular, and only one series
of determinations made after a two-day period of shaking was deemed
‘necessary. It will be noted that & maximum solubility occurs at
about 15 per cent alcohol. In the case of the ammonium benzoate
curve a slight minimum exists at about this concentration of solvent.

TasLe No. XI.—Solubility of lithium benzoate in aqueous alcohol solutions at 25° C.

EXFERIMENTAL DETERMINATIONS.

— = e
Holvent. |
b | Bpecific |« CeHCOOLI |
1 | gravity of | per 100 |
8 o grav- | Per cent saturated so- | saturated solu- |
Fif;?ﬂt 5° Efl!ﬁ.g}? | Intion at 25°. tion.
: |
(Frams.
Dist. HyO. 0o | 1. 103 T
). G856 5.9 1. (90 28. 52
0. 8545 32,0 | 1. 047 97, 79
0. 9164 5.0 | 0. 909 23. 46
0.8718 | T0. 2 0. 931 15. 23
0. 8180 0l.4 0, 838 5.08
0.5M48 | 0. 2 0. 815 1,02
. 7841 G0 0 0, T 2 61







0.5 N HCl required— | Eﬂf i
| :
Walght
= ;
sampla. | After first | After sec- |
incinern- | ond incin- | U, 5. F. | Modified.
tlon. cration. |
Grram. G. & €. E.
1.0 13. 15 13.50 | M7 07. 4
1.0 12. 70 13.55 | OL45 o7. 6
1.0 12. 00 13. 40 | 02,8 i, 5
1.0 12.60 |, 13. 40 i 90, 7 . 5

The method as modified was therefore used in all eases for the analy-
sis of the samples and of the residues remaining after evaporation of
the saturated solutions obtained in the solubility determinations.
An attempt was made to prepare a pure sample of sodium benzoate
by fractionating a hot aqueous solution of the salt as follows: The
solution was evaporated over a flame until a erust just began to form;
it was then cooled somewhat and the separated salt removed, dried on
filter paper, and finally in a vacuum desiceator containing concentrated
H,S0,. The liquor from this fraction was then evaporated until a
second erust was formed and then cooled as before and the new frac-
tion removed and dried. The final liquor was evaporated far enough
so that it solidified on cooling. The original material and the three
products were thoroughly dried in a vacuum desiccator containing
conc. H,S0, and analyzed. The results were, respectively, 97.5, 98.1,
08.4, and 98.4 per cent, showing the process to be only partially success-
ful. It seems probable that the differences between the results found
and 100 per cent are due to adhering water which can not be removed
by vacuum desiceation. It is questionable whether the pharmacopee-
ial requirement of 99 per cent C;H,COONa is a reasonable limit. Of
two purchased samples, claimed to be of U.S.P. purity, one gave 97.5
and the other 96.5 per cent C,;H,COONa upon analysis. The efforts
made in the laboratory to prepare a product of the pharmacopceial
purity from one of these samples was unsuccessful.

The material used for the solubility determinations was the produet
containing by analysis 97.5 per cent C;H,COONa. The determination
of the free benzoic acid in this sample by titration with standard
alkali showed 0.36 per cent. It was found that in preparing the
saturated solutions for the solubility determinations it was advisable
to have only a very small excess of the solid, since the undissolved
salt becomes apparently gelatinous, and may form an almost solid
mass from which it is impossible to remove enough clear saturated
solution for anﬂ.l} sis.  Ewven with only a slight excess of the salt con-
siderable time is required for the suspen{led solid to subside. This
happens in both the aqueous and alcoholic solutions.  After consid-
erable difficulty the tubes were prepared with a satisfactory excess
of the solid in each and rotated at 25° two days; in the case of one
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duplicate determination the time of rotation was extended to three
days without changing the figure obtained in the two-day period.
The saturated solutions were weighed in the pyenometer as usual
and transferred to weighed weighing bottles and evaporated in a
vacuum desiccator con-
taining conc. I,SO, until

i

ﬁn - L no further loss in weight
° S / | oceurred. The residues

— L were then dissolved in
g ~\

o

. "y/ water and the whole, or
™
\

solution, evaporated to

dryness in a platinum

X dish and incinerated, the

/r \ alkali being determined
™~

¥ bush g..a: o100 §
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by titration, as already
described. The wvalues
TR we S e s e e e salenlated Troka thasiansle

it M o Solsensll 3 :
o ysis were in all cases, ex-
Fig. 2.—Curves showing the solubilities of benzoie acid and .
the benzoates in aguecus aleohol solutions at 25°, G?Pt’ with the snl:rents of
highest aleoholic con-

tent, 97 to 98 per cent of the weight of dried residue obtained
after the desiceation, thus lending weight to the view that the orig-
inal impurity in the sample was nothing else than adhering water
and a slight amount of free benzoic acid. Otherwise it would be ex-
pected that the residues from the solubility determinations would
show a different degree of purity than the original material. The
results of the determinations are shown in Table No. XII and the
curve of the solubility in figure 2

b

/é,f

TasLe No. X1L.—S8elubility of sodium benzoate in agueous alcohol golutions at 25° (.
EXPERIMENTAL RESULTS.

Solvent.
gl | S Spﬂﬁiﬂc ; {‘qEIi-.gaDDNa
gravity of | per 100 grams
g Iﬂu Per cent by | saturated mw saturated
weight of | lution at 25°.|  solution.
L | CyH.OH.
I
i [
Frams.
Dist. HyO. | 0.0 1.155 35. 99
1), 54 59 1.137 &5, Bl
0. 0545 32.0 1.M&2 3l.74 |
0. 0164 | 5.0 1.016 5. 43
0. 8718 .2 0.927 15.25 |
| 0. 8160 9l. 4 0.825 2,25
| 0. 8048 | 96,3 0. 807 1.05
0.7941 | .9 0.795 0. 58

an aliquot portion of each
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was added to each of the aleoholic solvents and the tubes rotated three
days. After this time it was observed that the solid phase in the tubes
of higher alcoholic concentration had changed from its original crystal-
line form to a more or less opaque powder, indicating that dehydra-
tion had oceurred at about 70 to 80 weight per cent aleohol. The
clear saturated solutions were withdrawn as usual and the dissolved
citric acid determined by titration with normal alkali. The results
calculated to the hydrated citric acid gave a eurve with a slight but
unmistakable irregularity at the aleoholic concentration correspond-
ing to the change of solid phase. When the figures for the aleoholic
solutions containing the opaque solid phase were caleulated to the
anhydrous acid the curve then lay below and almost parallel to the
curve for the hydrated acid and gave no indication of there being a
point of intersection of the two, as would be expected if the solid phase
had changed completely. The dehydration by the stronger alcoholic
solvents therefore appeared incomplete, and it was decided to prepare
a quantity of the anhydrous acid by drying and use it as the solid
phase for a series of determinations. The dehydration of the sample
was effected by drying in an oven at approximately 85° for about
twenty-four hours. The analysis showed the material thus dried to
contain 98.9 per cent anhydrous citric acid. All of the determinations
made with the dehydrated acid as solid phase except the two in which
water alone and 8.9 per cent aleohol were the solvents gave a per-
fectly regular curve lying some distance below the values for the
anhydrous acid calculated from the determinations made by starting
with the hydrated acid. In the case of the water and 8.9 per cent
alcohol the anhydrous acid was converted to the crystalline compound
and the results agreed exactly with the determinations made with
hydrated citric acid as the solid phase. By calculating all of the
results obtained with the hydrated citric acid to anhydrous acid a
curve was obtained which lay below the curve for the anhydrous acid
in the dilute alcohol solutions, and above the latter in the more con-
centrated alcohol solutions. It may be concluded, therefore, that the
tendency for the hydrated form of citric acid to be converted to the
anhydrous or vice versa in aqueous aleohol solutions is very slight,
and that whatever form of the acid is used as the solid phase, the
change to the other form takes place very gradually. The pecul-
larity in connection with the curves showing the solubility of the
hydrated and anhydrous forms of citric acid is that they lie so
nearly parallel that there is no intersection corresponding to a true
transition point as has been shown in the case of the zinc and lead
acetate curves.

-‘l‘ulﬂ e e
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Tasre No. XVI1.—Solubility of anhydrous citric acid in aqueous alcohol solutions at
25°—Continued.

CALCULATED RESULTS.

| CHyyCOH

Per cent by | Specific grav-

Welght of | ity of satu- |¢ lgnu;ri;;“%"

C:HOH in | rated solu- | Cop o oy

solvent. tion at 25°. sctation.

i fFrams,

o 1.287 | 623

in | 1. 246 5.0

(11 I 1. 160 M. R

Th 1. 160 522

B0 1. 130 48. 5

w0 | 1. 065 3.7

: 100 | 1.010 | 383

The analytical results upon the ordinary and anhydrous forms of
citric acid are given in Tables Nos. XV and X VI and the curves shown
in figure 3. It will be seen that the present wvalues differ con-
siderably from those quoted by the U. S. Pharmacopeia, which in
terms of grams of citric acid per 100 grams of water and of aleohol
would be 185 and 64.5, respectively, instead of 207.7 and 116.0 as
given in Table No. XV. The values quoted by other reference books
also differ considerably from those here shown, but since they prob-
ably refer to a temperature of 15° a strict comparison can not be
made. It should be mentioned, however, that the differences can
not be accounted for entirely on the basis of temperature, since a few
results seem to show that the solubility of ecitrie acid increases com-
paratively little with temperature, while most of the values to be
found for the solubility in cold water and aleohol are only a little
more than one-half the quantities indicated by the present deter-
minations, which were made at 25° C.

Solubility of citric acid in organic solvents.—The determinations were
made, as already deseribed, with the same organic solvents used for
benzoic and camphoric acids. Both the hydrated and anhydrous
citric acid were used, and it is seen that the latter is the less soluble
of the two in all cases. The results are given in Table XVIL. An
examination of the literature shows that in addition to water and
alcohol, results are given for none of the solvents included in the table,
except ether. The results quoted for ether are quite variable; thus
100 parts of ether dissolve, according to the U. S. Pharmacopaeia,
5.5 parts of citric acid, 2 parts according to Hager, and 9.1 parts are
reported by Beilstein. These variations are easily explained by the
fact that the solubility of citric acid is very great in water and in
aleohol, and therefore the presence of either of these solvents in the
ether used for the determinations would account for the different
values reported. A few results obtained by me with ether from a
can which had been opened for some time illustrated this point very
forcibly. The values were from about 30 to 80 per cent higher than
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gram Bi,0, per 1.0 gram of sample, which is slightly below the phar-
macopeial requirement, and corresponds to a purity of 94.62 per
cent. This result may, however, be low, since it is not certain that
no loss occurred during the determination. With a compound hav-
ing the more or less uncertain composition of the present one, no very
premaa solubility results could be expected. The fﬂl]ﬂmng deter-
minations therefore represent only approximate values. The time
of shaking was four days at 25° C. Three tubes were prepared, the
solvents being water, 51 and 91.4 weight per cents alcohol. The
saturated solutions were evaporated to dryness in weighing bottles
and the residues weighed. The following results were obtained:

Per cent b BiCsH. 04
weight of | per 100 grams

CaH,OH in | saturated

golvent. solutlon.

| Gramse,

0.0 0,011

5.0 | 0. 041

01. 4 b, D

Solubility of bismuth and ammonium citrate in aqueous aleohol.—A
formula is not given by the pharmacopwmia for this compound, and
the requirements of bismuth content covers a wider range than in
the case of bismuth citrate. The allowable content according to
the pharmacopaial purity rubric is 46 to 50 per cent bismuth oxide.
The same sources of error are present in the quantitative method of
determination of the bismuth as have already been pointed out for
the bismuth citrate with the further difficulty due to decrepitation
during the initial ignition. The content of bismuth oxide in the
sample used for the solubility determinations was found to be
0.475 gram, Bi,O, per 1.0 gram, thus well within the limit given by
the pharmacopeia. The following solubility results are therefore
probably fairly representative of the product as deseribed by the
pharmacopeeia. For these determinations the tubes were rotated
at 25° four days; the weighed saturated solutions were transferred
to porcelain erucibles, evaporated to dryness, and the residue con-
verted to bismuth oxide and weighed. The weight of the original
material was calculated by dividing by the percentage of Bi,0, found
in the sample used for the determinations. The results were as
follows:

Per cent b Bland NH
- Specific grav- 4
GOTtin | 11y of satu- |GNRReTHo
solvent, |™ maﬂuﬁy ion| Soted solu-
tion,
Framas.
0.0 1.25 22 25
51.0 0. 92 1.34
al. 4 0. 81 MNona,
|
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The only statement in regard to the solubility of bismuth and

| ammonium citrate given in the pharmacopeia is to the effect that
- it is very soluble in water and sparingly soluble in alcohol. The

present results therefore will serve to give a somewhat better idea
in regard to solubility of this substance in these two solvents than
could have previously been obtained.

Solubility of lithiuin citrate in aqueous alcohol solutions.—The
pharmacopeial quantitative method of analysis of this compound
requires that the weighed sample be dried at 150° and then cau-
tiously ignited, after which the charred residue is converted to
lithium sulphate by repeated additions of concentrated sulphuric
acid and careful ignitions. The drying at 150° appears to be unnec-
essary, since the water of erystallization can be satisfactorily removed

by heating with care over the free flame. There appears some

advantage in adding anhydrous ammonium sulphate and mixing
after the dehydration and before proceeding to the ignition. The
use of ammonium sulphate does not, however, obviate the necessity
for adding concentrated sulphuri¢ acid repeatedly to obtain the
required white residue. In attempting to determine the water of
erystallization of a sample by drying at 150° it was found that the
loss of weight was very gradual, so that even after a total of about
fifteen hours’ drying with the temperature as high as 175° constant
weight had not been obtained. The loss of moisture corresponded
to 23.4 per cent instead of the theoretical 25.0 per cent for 4 mole-
cules of water of erystallization. The determination of the lithium
in this sample as above outlined gave results corresponding to 98.4

per cent (CH,),COH(COOLi),+4H,0. The acidity calculated as

citric acid ecorresponded to 0.35 per cent. Although this result
shows that the sample is practically up to the pharmacopeeial require-
ment of 98.5 per cent, it was thought desirable to prepare material
of better quality if possible. This was done by recrystallization
from alecohol of about 50 per cent strength. The hot saturated
alecoholic solution showed some tendency to separate into two layers,
but on standing crystals began to separate from the lower portion
of the solution, and on stirring the mixture was apparently uniform.
Upon a further cooling a good crop of erystals was obtained. They
were washed once with strong alcohol, dried in an ordinary desiceator
over night, and for a few minutes at 40° to 50°. The analysis gave
results corresponding to a purity of 99.3 per cent (CH,),COH
(COOLi), + 4H,0.

The solubility determinations were made with both the original
and recrystallized samples, but no differences in the values obtained
could be definitely aseribed to a difference of purity of the two
samples. Three series of determinations were made and the time
of shaking varied from two to three days. All of the points except
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Solubility of potassium citrate in aqueous aleohol —This salt belongs
' to that group of compounds which has the power of separating mix-
- tures of alcohol and water into layers consisting of more or less pure
" aleohol as the upper and the aqueous salt solution as the lower. A
systematic search for the members of this group of compounds was
made some years ago by Linebarger® and although a number were
found no experiments were made with citrates, and therefore the fact
that postassium eitrate possesses this power of forming layers with
aqueous aleohol solutions was overlooked.
.~ The sample of potassium citrate used for the solubility determina-
tions deseribed in the following pages was purified by recrystallization
from the hot aqueous solution, washing with absolute alcohol and
ether and drying in an air bath at 130°-150° for five hours. The
statement of the pharmacopeeia that the salt begins to lose water at
as low as 100° is evidently incorreet, since the present sample retained
its water of crystallization even when heated to 150°. The analysis
by igniting and titrating the residue, as described under sodium ben-
zoate (p. —), gave 98.6 per cent (CH,),COH(COOK),+ H,O. The
acidity caleulated as eitric acid corresponded to 0.94 per cent.

The solubility determinations were made by adding an excess of the
salt to about 10 to 15 cubic-centimeter portions of the several alcohol
solutions of known strengths and rotating the tubes for five days at
25°  After this time they were each removed in a beaker filled with
the water of the constant temperature bath and as much as possible
of each layer drawn into a pycnometer by means of the suction siphon
described in the first part of this bulletin (p. 11). In the case of sev-
eral of the solutions enough of both layers to fill the pyenometer could
not be obtained, and therefore the specific gravity could not be cal-
culated. A dotted line in the Table No. XIX indicates that the deter-
mination could not be made on account of there being too little of the
solution. After weighing the saturated solution in those cases where
two layers were present it was transferred to a distilling bulb, diluted
with several times its volume of water, the aleohol distilled and its
amount determined by the pyenometer method. The aqueous solu-
tion remaining after the distillation was transferred to a weighing
bottle, evaporated to dryness, and the residue weighed after being
dried to constant weight at 150°. The composition of the residues
was ascertained in most cases by a determination of the potassium in
the manner mentioned for the original material used for the solubility
experiments. In those cases where the residues came from the strong
aleoholic solutions or upper layers, that is, with relatively very little
of the salt present, the correction for impurity on the basis of the
potassium determinations was very great.

¢ Am. Chem. Jour., 14, 380, 1892,
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is calculated to the basis selected for stating the present results it is
seen that their value becomes 162.9 grams (CH,),COH(COOK),+
H,O per 100 grams of H,0. Another figure for the solubility of potas-
sium citrate in water is given by Kohler,® who finds that 100 grams
H,O dissolves 169.7 grams anhydrous potassium citrate at 31.25°.
This result calculated to the hydrated salt becomes 199.9 grams
(CH,),COH(COOK);+ H,O per 100 grams of H,0 at 31.25°. Con-
sidering, therefore, the three available determinations, we have for

15.5°, 162.9 grams (CH,),COH(COOK),+H,0 per 100 grams H,0

25.0°, 181.9 grams (CIHL,),COH{COOK),+ H,0 per 100 grams H,0

31.25°, 199.9 grams (CH,),COH(COOK),4H,0O per 100 grams H,0

from which the following interpolated values are obtained:

(CHa)COH(COOK )5+ HyO
per 10 grams.

;

Baturated

solution. Water.

Frams. (Frams,

15 Gl.8 1620
) 63.2 172.0
25 G4. 5 I82. O
k1] . 0 194, 0

As regards the solubility of potassium citrate in alcoholic solutions,
most of the reference books give only a qualitative statement that
it is sparingly soluble. In Squire’s Companion to the British Phar-
macopceia, however, it is stated that 1 part of the salt dissolves in 9
parts of 60 per cent aleohol “but if more of the salt is added the
alcohol separates from the watery solution,” thus recognizing the
power of potassium citrate to salt aleohol out of its aqueous solution.

In order to obtain exact figures upon this particular action of
potassium citrate a series of determinations was made with alcoholie
solutions of known concentrations and weighed amounts of the
recrystallized potassium citrate. The method employed was as
follows: To a measured volume of the aleoholic solution contained
in a glass-stoppered bottle there was added enough potassium citrate
from a weighing bottle to cause a distinet cloudiness upon shaking.
The amount of the citrate which had been added was determined by
noting the difference in weight of the weighing bottle after the addi-
tion of the citrate. The temperature of the cloudy solution was
then brought to as near 25° as possible and successive amounts of
the same alcoholic solvent added from a burette until the cloudiness
just disappeared upon shaking thoroughly. The specific gravity of
the clear solution was then determined by the pyenometer method.
The weight of the potassium citrate divided by the total volume of

aZ. Ver. Zuckerind, 47, 447, 1897.
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Solubility of sodiwm citrate in aqueous aleohol solutions.—A sample
of this salt purchased for solubility determinations was analyzed by

. incineration and titrating, as usual, but the results when caleulated

to (CH,),COH(COONa);+ 54H,0 corresponded to 119.6 per cent. It
was therefore evident that considerable dehydration had taken
place, and in order to obtain a sample containing the desired amount
of water of crystallization it would be necessary to recrystallize
under proper conditions. According to a statement in Beilstein the
salt crystallizes above 60° with 2H,0; therefore the following pre-
cautions were taken: About 100 to 150 grams of the salt were dis-
solved in just enough water to yield an almost saturated solution
at 50°. The beaker was then placed outside the window, where the
temperature remained below about 5° for several days. The mother
liquor was drained off and the crystals powdered, placed in a bottle,
and allowed to stand in a vacuum desiccator containing a few lumps
of CaCl, for about a week. The analysis showed a composition of
98.7 per cent (CH,),COH)COONa),+ 51H,0, which is considerably

~ above the pharmacopeeial requirement of 97 per cent. A caleula-

tion to salt of 6H,0 corresponded to 102.0 per cent, showing that
the impurity was most probably adhering moisture. The mother
liquor from the above ecrystallization was boiled until a scum
appeared, cooled slightly, and the erystals which separated filtered
on a Buchner funnel, dried in a desiccator for about a week, and
analyzed. The results corresponded to 95.4 per cent (CH,),COH
(COONa),+2H,0. This product was then dried at 150° for about
five hours and gave results upon analysis corresponding to 98.5
per cent anhydrous salt. The acidity of the sample corresponded to
0.34 per cent anhydrous citric acid.

The solubility determinations were made with both the salt con-
taining 5% H,O and the anhydrous material. A smooth curve was
obtained, and the only difference in the two sets of results was that
the determinations made with the anhydrous salt were slightly
below those made with the hydrated salt, due, no doubt, to the
tendency of the dehydrated salt to take water from the solvent,
and thereby increase the alcoholic coneentration with resulting
apparent lowering of the solubility in the particular solvent. Two
series of determinations were made with the crystallized salt, the
periods of shaking being two and three days, respectively. The
weighed saturated solutions were transferred to weighing bottles,
evaporated to dryness, and the residues dried to constant weight at
150° to 180°. Certain of the residues were analyzed by determina-
tion of the sodium in order to check the completeness of the dehydra-
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LACTIC ACID.

Lactic acid in its usual form is a very hygroscopic syrupy liquid com-
posed, according to the requirements of the Pharmacopeeia, of not less
than 75 per cent by weight of absolute lactic acid (CH,CHOH-COOH)
and about 25 per cent of water. It is freely miscible with water,
alecohol, and ether. A sample analyzed by titration with normal
alkali using phenolphthaleine as indicator was found to contain
72.8 per cent CH,CHOH-COOH. It has been shown by Kraflt and
Dyes® that the ordinary commercial lactic acid can be purified
by distillation under diminished pressure (about 1 mm.) and the
distillate so obtained is of 98.99 per cent purity and solidifies to a
crystalline mass when cooled in an ice mixture. Theerystals are very
hygroscopic and the melting point is approximately 18°. A product
of this character is no doubt the kind which should be used for quan-
titative solubility determinations but the results would probably be
of little interest from the standpoint of the pharmacopeia at present.
On this account it was not considered necessary to undertake other
than approximate determinations with the pharmacopeeial lactic
acid.

A few experiments were therefore made with the lactic acid of 72.8
per cent referred to above and a number of the organie solvents used
for the determinations, with other acids as described in the preceding
pages of this bulletin. The plan of the experiments was simply to
add the lactic acid from a burette to the measured quantities of
organic solvent contained in a glass stoppered bottle and note the
point where opalescence oceurred on shaking. It was found that
20 cubic centimeter portions of benzene, carbon tetrachloride,
chloroform, carbon bisulphide, nitro benzene, and toluene each
required less than 0.1 cubic centimeter of the lactic acid to give the
opalescence on shaking. The solubility in these solvents is therefore
not greater than one part in 200, and is probably even very much less
than this figure. In the cases of amyl alcohol, amyl acetate, acetone,
ethyl acetate, and ether, the addition of equal volumes of the lactic
acid did not produce opalescence. On adding water, however, to the
mixture a second layer separated in all cases except with acetone.
In the cases of amyl aleohol and acetate the volumes of the upper
or organic solvent layer appeared about equal to the volume origi-
nally used; in the case of ethyl acetate and ether the upper layers
appeared considerably smaller than the volume of each used in the
beginning.

aBer, 28, 2599, 1895,
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From these results it appears that the composition of each of the
upper layers and of each of the lower layers is nearly the same in all
cases. The percentage of oleic acid in the upper averages about 36,
and in the lower about 7.

The statements in the literature in regard to the solubility of oleie
acid are mostly to the effect that it is insoluble in water and soluble
in aleohol., The present results verify this statement as far as the
water is concerned, but show that with aleohol of less than 80 weight
per cent the insolubility may vary over a very considerable range, de-

pending upon slight changes in the alcoholic concentration.
L]
PHENOLSULPHONATES.

Solubility of sodiwm phenolsulphonate in agueous aleohol solutions.—
In igniting this compound, as mentioned in the Pharmacopewia, the
residue at first contains unburned carbon which on heating to a
higher temperature reduces a part at least of the sulphate to sulphide,
thus not yielding a white residue of sodium sulphate amounting to
30.6 per cent of the original weight as stated. It was found that a
fairly good determination could be made by first drying the weighed
samples in the air bath at 120° to 140°, and after having cooled and
weighed the residue to determine the loss of water of erystallization,
ignifing it very carefully so that no flaming occurs. The charred
residue is then treated with a few drops of concentrated nitric acid
and heated to redness. This procedure is repeated until a perfectly
white residue is obtained. Determinations made in this way upon
the sample to be used for the solubility experiments showed the
presence of 15.44 per cent of water of crystallization instead of the
theoretical 15.52 per cent, and gave sodium sulphate corresponding
to 98.9 per cent C,H,(OH)SO,Na +2H.O.

One series of solubility determinations was made, the time of shak-
ing being two days. The weighed saturated solutions were trans-
ferred to weighing bottles and evaporated to dryness, the residues
were dried to constant weight at 140°, and in addition some were
analyzed as mentioned above for the sodium, and in this way the
completeness of the drving was verified. The results which were
obtained are given in Table No. XXV, and the curve from them in
figure 5. The figures for water and pharmacopeial aleohol are
in fair accord with those reported by the pharmacopceia which are
respectively 1 part in 4.8 water and 1 part in 130 parts aleohol. A
determination made by Greenish and Smith® at 15° gave 1 part of
C.H,(OH)SO,Na+ 2H,O per 5.48 parts of water, the specific gravity
of the saturated solution being 1.0675.

& Pharm. Jour., (Lond.) June 22, 1901.
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diluted to 500 cubic centimeters., An excess of HCl was added to
aliquot pertions of this solution, which were then evaporated to dry-
ness on the steam bath and either filtered and just neutralized with
alkali before the titration with standard silver nitrate, or the residue
(determination No. 2) was gently ignited to remove the free salicylic
acid before the titration for chlorides.

|
Dntﬂrmlvl . W ol
Balicylate |- g 0.0 N AgNOg Cale.
nation | “gopyion, [COHUOHCOON. | Troquired. | CH,OHCOONS.
e (Frams. [ LR Fer cent,

1 25 . 250 15. 6 a9

g 50 0. 506 3.3 1M, 2

3 75 0. 750 47.0 1. 3

These results show that in the case of sodium salicylate this method
is as reliable as that of the pharmacopeeia; that it will prove equally
g0 in the case of the other salicylates is hardly to be doubted. If
further experiments should confirm this expectation we would then
have a single procedure for these salts instead of three as is now
the case.

Solubility of ammonium salicylate in aqueous alcohol solutions.—In
the case of this compound two series of determinations were made
with two samples of the salt. In one case the solutions were allowed
two days for reaching equilibrium and in the other something overa
week. It was evident that the shorter time was ample; in fact, it
seems probable that even ten hours would have been sufficient. The
two samples of material were each analyzed as follows: A weighed
quantity of the salt was transferred to a 200 cubie centimeter flask,
dissolved in water and diluted to the mark. Aliquot portions of the
solution containing 1 to 2 grams ammonium salicylate were placed
in a Kjeldahl distilling flask with 25 cubic centimeters of normal
alkali. The liberated ammonia was distilled into 25 cubic centi-
meters of normal acid, and the excess of acid in the receiver titrated
back with standard alkali and the excess of alkali in the distil-
lation flask titrated back with standard acid. The amount of alkali
equivalent to the ammonia in both cases agreed fairly satisfactorily.
From these readings the amount of ammonia and thus of the am-
monium salicylate in the aliquot portion of the solution was easily
caleulated. According to this method the two samples gave the fol-
lowing results expressed in the percentage of CJH,O0H.COONH,
present. Sample (a), 96.8 per cent; sample (b), 98.7 per cent.
Although one of these samples was below the United States Pharma-
copeeia requirement and the other above, the solubility determina-
tions made with them gave a curve in which no irregularities could
be traced definitely to either sample. It may be mentioned that of
the results shown in Table No. XXIX, the second, third, and sixth






64

certain amount of disseciation of the ammonium salicylate by the
alecohol, yielding some salieylic acid which remained dissolved in the
alcohol but separated upon the addition of water. In withdrawing
the aliquot portions from each of the 200 cubie centimeters dilutions
for the determination of ammonia, the solutions were well shaken and
no attempt made to use only the clear portion. The ammonia
determinations were made by distilling as described for the analyses
of the sample of salt employed. A comparison of the standard
alkali neutralized in the distillation flask and of the amount equiv-
alent to the liberated ammonia showed no regular differences with
increase of alcoholic content, indicating that even if a portion of the
salicylic acid of the compound was set free by the aleohol, the am-
monia simultaneously liberated was not lost in the subsequent treat-
ment of the solution.

The curve (see fig. 6) plotted from the determined results is found
to descend regularly with increase of the strength of the aleohol. It
bows upward as a result of the fact that the increase in the solubility
of the ammonium salicylate proceeds slowly at first, but with increas-
ing concentration of aleohol in the solvent its decrease is much more
rapid. This bowing of the curve from a straight line shows that
the water and alcohol in the several solvents do not act independently
in their solvent action upon the ammonium salicylate; that is, the
amount dissolved by any mixture of water and aleohol is more than
the amount dissolved by the quantity of water present plus the
amount dissolved by the quantity of aleohol present.

A comparison of the results of the present determinations with
those quoted in the U. S. Pharmacopeia shows that the latter are
somewhat higher. According to the U. 8. Pharmacopeeia, 1 gram
of ammonium salicylate is dissolved by 0.9 grams H,O and by 2.3
grams of official aleohol at 25° or 100 grams of water dissolve 111 gram
ammonium salicylate and 100 grams official aleohol 46 grams of
the salt. The present results are 103.2 and 42.9 grams, respectively,
for the amounts dissolved by 100 grams of each by the two pure
solvents.

Solubility of bismuth subsalicylate in aqueous aleohol solutions.—
Solubility determinations were made upon a sample of “Bismuth
Salicylate, Merck—basic 64 per cent Bi,0,” by the same procedure
followed for the determinations already described. The amounts
dissolved were determined in the usual way by evaporation and
drying in a vacuum desiceator, but the quantities of the residues
were so small that the results are not entirely free from eriticism.
When, however, the values were plotted on cross-section paper, the
average curve drawn through them was no doubt very close to the
true results for the particular sample employed. The figures read
from this curve are as follows:
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tion of the exeess of sulphurie acid, the filter paper being allowed to
drop into the crucible when the temperature is raised to redness.

The better of the above-mentioned samples of strontium salicylate
was recrystallized from hot 80 to 90 per cent aleohol and the erystals
dried in a vacuum desiccator over concentrated sulphurie acid for
about a week. The product analyzed practically 100 per cent
(C,H,0HCO00),Sr +2H,0, showing that no loss of water of crystal-
lization had occurred in drying the material as described.

The tubes for the solubility determinations were prepared as has
already been described, but after the period of rotation it was noticed
that the solid phase in the tube containing the solvent of 99.9 per
cent alcoholic strength had been converted into an amorphous bulky
white powder. It therefore appeared that absolute alecohol is able
to remove some or all of the water of erystallization of strontium
salicylate. This point was tested by preparing a quantity of the
dehydrated salt by allowing some of the erystallized material to
stand in contact with absolute alecohol until it had practically all
been converted to the powder form and then filtering, washing, and
drying. Solubility determinations made with this product did not
differ appreciably from those obtained for the erystalline dihydrate.
Analyses of it gave an amount of strontium sulphate which corre-
sponded to 93.87 per cent (C,H ,OHCOO),Sr, 99.49 per cent of mono-
hydrate or 100.85 per cent of (C,H,OHCOO),Sr+14H,0. These
results show that although absolute aleohol changes the appearance
of the ordinary strontium salicylate very materially the amount of
dehydration which it effects is comparatively small. TUnder the high
power microscope the salicylate powder shows minute irregular
erystals and no appreciable amount of amorphous material.

Four series of solubility determinations were made, in three of
which the erystalline salicylate was used, and in the other the powder
obtained by treating the crystals with absolute alecohol. The results
in all cases were in satisfactory agreement.

Tasre No. XXXVI.—Seolubility of strontium salicylate in aqueous ethyl aleohol
selulions at 25°.

EXPERIMENTAL DETERMINATIONS.
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welght per cent alcohol. After which with increasing aleoholie
strength the solubility falls steadily to 0.44 gram of salieylate in 100
grams of absolute alcohol.

The results for the solubility of strontium salicylate quoted by the
U. 8. Pharmacopeia are respectively 1 part in 18 parts of water
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F16. 6.—Curves showing the selubilities of salieylic acid and the salicylates in
aqueous alcohol solutions at 25°,

and 1 part in 66 parts of alcohol. The present results are, however,
1 part in 18.85 and 1 part in 48.51.

STEARIC ACID,

Solubility of stearic acid in aqueous alcohol solutions.—No definite
requirements of purity of this acid are preseribed by the Pharma-
copeia and likewise no quantitative methods for its analysis. It
would really appear that commercial more or less impure material
obtained from the more solid fats, chiefly tallow, is all that the Phar-
macopeia demands. It is clear therefore that only approximate
solubility values are .necessary for such a product. The material
used for the present solubility determinations was purchased as C. P,
and is presumably the best that the market affords. A quantitative
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The present value for the solubility in water is in elose agreement
with the results of Noyes and Clement,* which is 0.654 gram per
100 grams saturated solution, lending weight, therefore, to the correct-
ness of this figure and indicating the probable inaceuracy of the results
of Roelofsen ® and Blarez.© The solubility of potassium bitartrate
in aqueous aleohol solutions was also determined by Roelofsen at
several temperatures. The results were more or less irregular, how-
ever, and are evidently only approximately correct. The method he
used for obtaining saturation is certainly of doubtful efficacy. Various
amounts of 93 weight per cent alcohol were added to the saturated
aqueous solution of the salt and the solutions shaken at intervals
during about six hours while kept at the desired temperature. Some
experiments made by me with ammonium iodide by a similar pro-
cedure involving shaking at intervals daily for several weeks did not
rive saturated solutions in the several cases.

The figure quoted by the pharmacopeia for the solubility in
water is 1 part in 200, which is evidently too low and was probably
taken from some other pharmaceutical reference book in which the
temperature standard was 15° instead of 25°,

Solubility of potassium sodium tartrate in aqueous alcohol solutions.—
The method given by the pharmacopweia for analyzing this salt
depends upon the incineration and subsequent titration of the ash
with standard hydrochlorie acid, using methyl orange as indicator.
This method applied to the sample used for the following solubility
determinations gave an average of 99.3 per cent C,H,(OH),(COONa)
(COOK) +4H,0. By evaporating the titrated solution to dryness
and determining the potassium as the platinic chloride, 14.15 per cent
was found instead of the theoretical 13.86 per cent; the molecular
ratio of sodium to potassium as caleulated from this determination
gave Na:K=1:1.02. Several determinations of the molecular ratio
by ealculation from the weight of sodium and potassium chloride
obtained by evaporation and of the total chlorine in the mixed chlo-
rides by titration with standard silver nitrate,using the usual algebraic
formula, gave fairly satisfactory results. In this determination, as
well as by the direct estimation of the potassium, very small differ-
ences in the analytical results make quite large errors in the molecular
ratio, consequently this determination is not of very great value in
judging the quality of samples of this salt.

One series of solubility determinations was made and the time
allowed for saturation was five days. The saturated solutions were
weighed and transferred to weighing bottles, but satisfactory residues

@ Z. physik. Chem., 13, 413, 1894,
b Am, Chem. Jour., 16, 466, 1804,
¢ Compt. rend., 112, 434, 1891.
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instead of 25°, A determination at 15° made by Greenish and Smith
1s 1 gram C,H,(OH),(COONa)(COOK) +4H,0 in 1.392 cubic centi-
meters H,O or 71.84 grams of the salt per 100 grams H,0.

E ;‘ TRICHLORACETIC ACID.
'.‘.'“'*- Noquantitative ficures
v for the solubility of this
. ] acid are to be found in

the literature. The gen-
] eral statement that it is
\ very soluble in water
and aleohol is widely
quoted. The compound
is in fact very deliques-
cent; a crystal exposed
' \ in the air quickly absorbs
Lot 1 enough moisture to cause
it to liquify. It would
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: <t of the most eflicient de-
. I \..:' oyl hydrating agents.
U cos o) & Mo "‘Tiﬂ“_":{:r_m Two samples which
e 2zl were analyzed by titra-
sl o Lk o ting aliquot portions of

Fra. 7.—Curves showing the solubilities of tartaric acid and the {he agqueous solutions of
tartrates in agueous aleohol solutions at 25°, z
weighed amounts were

found to contain, respectively, 97.7 and 98.6 per cent CCLCOOTL.
Standard 0.1 N NaOH was used and phenolphthaleine employed
as indicator. The end point was very sharp, but the pink color
was inclined to fade on standing. The sample which gave the 98.6
per cent results was from a fresh bottle just opened; the other had
been previously opened and partially used.

In making the solubility determinations 25 cubiec centimeter glass
stoppered cylinders were about half filled asquickly as possible with the
acid and 2 to 3 ecubie centimeter portions of the solvents which were
water, 32, 70.2, and 99.9 weight per cent alcohol, added. After a
short period of rotation the excess of solid phase had disappeared in
the eylinders to which the aleoholic solvents had been added, more of
the acid was therefore introduced into these and this addition of acid
repeated from time to time without yielding a saturated solution in
any case except the eylinder in which water alone was the solvent.
After about 15 hours constant agitation at 25°, the saturated solution
in water was removed and after weighing in the pyenometer the

a Pharm. Jour. (Lond.), June 22, 1901.







88

acetic acid containing a little water. In adding water to this mixture
a separation occurred at a certain point and it therefore appeared
of interest to determine the amount of water necessary to just cause
this separation and also the amount required to dissolve all of the
acid out of the ester solution. The experiment was made as follows:
Ten cubic centimeters of the solution was transferred to a graduated
cylinder and water added slowly from a burette. It was found
that 5.9 cubic centimeters of H,O just produced a faint opalescence
at 15°, 6.05 cubic centimeters gave a milky solution which showed
no tendency to separate into two layers until 7.1 cubic centimeters
of H,0 had been added and then on standing the two layers meas-
ured respectively 9.2 cubic centimeters for the lower and 7.6 cubie
centimeters for the upper.  Now, by adding more water and shaking,
the volume of the lower layer gradually diminished, so that with a
total of 8.0 eubie centimeters of water the lower layer measured
8.3 cubic centimeters and with 10 cubiec centimeters of water it
became 7.2 cubic centimeters in volume. At this point an aliquot
portion of the upper layer was removed and on titration it was
found that 5.104 grams of CCLCOOH were present in the whole of
the upper layer. According to the previous analysis (p. 87) in
which an equal volume of the solution had been diluted to 500
cubic centimeters the amount of acid found was 8.9475 grams,
therefore in adding 10 cubie centimeters instead of 500 eubie centi-
meters of water the removal of the trichloracetic acid from the
ester was not complete. In order to ascertain how much additional
water would be necessary to dissolve out the remaining (8.9475—
5.104=) 3.8435 grams of acid, the upper layer was siphoned off
as completely as possible from the 7.1 cubie centimeters of lower
layer and successive amounts of water were added and the mixture
shaken after each addition. It was found that with 3 cubic centi-
meters of H,O the lower layer was reduced in volume to 5.4 cubic
centimeters, with 8 eubie centimeters it became 4.6 cubie centimeters,
and with 18 eubic centimeters it had become 4.0 cubic centimeters,
The aqueous layer was then found to contain a total of 3.226 grams of
CL,COOMH, or nearly the caleulate amount which should have been
recovered.

The two solutions which had been prepared with 70.2 and 32
weight per cent aleohol respectively were also titrated with water
as just described for the solution in which 99.9 weight per cent
aleohol had been used. The results were as follows:

Five cubic centimeters of the first (the 70.2 per cent alcoholie
solution, required 7.3 cubic centimeters of H,0 to produce opales-
cence; when 9.0 cubic centimeters of H,0 had been added the lay-
ers separated within about one-half hour into 1.4 cubie centimeters
of lower and 12.1 cubic centimeters of upper layer. With 15 cubic
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figures quoted by the U. S. Pharmacopeeia in terms of parts of solvent
to dissolve one part of the compound. It is of course not certain just
what is meant by “part” in the Pharmacopeia, whether weight or
volume, and therefore the figures can not be accurately interpreted.
An examination of the table shows that of the 35 compounds included
satisfactory agreement exists only in the cases of benzoic, camphoric,
gallic, and tartaric acids in the aqueous solutions, and of benzoic
acid, ammonium benzoate, ammonium salicylate, salicylic acid, and
phenol salicylate in the aleohol solutions. Of the remaining results
the differences vary from about 5 to 100 per cent. ;

2. A number of experiments have shown that with the class of com-
pounds dealt with in the present bulletin an apparent impurity which
in some cases may be comparatively large does not materially affect
the solubility results obtained. It would therefore appear that in
many cases solubility determinations are ineflfectual as tests for purity.
In view of the far more expedient and trustworthy chemical tests,
their value as tests for identity is of importance only in certain
exceptional cases, consequently the suggestion that has frequently
been made that a standard method for solubility determinations be
included in the U. S. Pharmacopeeia does not deserve much consider-
ation. A brief statement embodying the essential requirements of
accurate solubility determinations (intended as physical constants),
such as proper temperature regulation, agitation to complete
saturation, purity of materials employed, and methods of analysis
of solutions, would no doubt be sufficient for all the needs of the
pharmacopeeia.

3. The solubility curves shown in the accompanying plates present
almost every variety of form, some descend or ascend regularly with
increase of aleohol, others show maximum or minimum points, while
in one or two cases both a maximum and minimum point are present.
It would therefore appear that in no case is it possible to prediet from
the solubility of the substance in aleohol and water separately what it
will be in any mixture of these two solvents.

4. It is pointed out that certain advantages are to be gained by
pharmacists in adopting the percentage or unif of solvent basis for
stating solubility results in place of the antiquated method according
to which the amount of solvent required per unit of dissolved
substance is given,

5. Attention is called to the fact that the present pharmacopaeial
purity requirement for certain of the compounds, viz, lead acetate,
zine acetate, sodium benzoate, and lithium salicylate (# § Mol. H,0) is
too rigid in view of their unstable character or of difficulty in their
purification; whereas in other ecases, viz, ammonium benzoate,
phenyl salicylate, strontium salicylate, and trichloracetic acid, the


































