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stomach, 0.7 grain, equivalent approximately to from 1 to 114
teaspooufuls of the officinal 1 per cent. solution.

A comparative quantity of pure nitroglycerine, acidified with
tartaric acid, distilled with steam in a similar apparatus, at the
sanie rate, yielded a distillate in which oily drops were observable,
and its ethereal extract when evaporated yielded a residue which
exploded with the same readiness. A similar examination of
other parts in our possession did not reveal any nitroglycerine,
and noue of the intestines had been taken at the autopsy.

The defendant was convicted of the use of instruments, and
the preseiice of nitroglycerine was not accounted for by the testi-
mony, It was a theory of the prosecuting attorneys, however,
that nitroglycerine had been administered, in iguorance, as a
heart stimulant.

I am indebted to Dr. F. E. Tuttle and to Dr. F. J. Poud, for

their assistance in this work.
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THEORETICAL,
HE hydration of ethylene cyanide, by the addition of suc-
cessive molecules of water, may be represented as follows :
CH,.CO,.NH,

|
CH,CN

/ Ammonium \

CH,.CN CH,.CO.NH, f-cyanpropionate:

| + H,0~— | -+ H,O -+ H,0

CH,.CN CH, CN CH,.CO.NH, Vi

Ethylene B-Cyan- A

cyanide. propionamide. CH,.CO.NH,
Succinamide.
CH,.CO,.NH, CH,.CO,.NH,
— ‘ e Hzo e I )

CH,.CO.NH CH,.CO,.NH,
Ammonium Animonium
succinamate. succinate,

I Read before the New York Sectioi of the American Cheinical Society, Nov, 1, 1g01.
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or, if this hydration be carried out in the presence of a strong
mineral acid, the products will be as follows :

CH,.CO,H
/ CH,.CN
/ é-Cyan- \
CH,.CN CH,.CO.NH, propionic acid.
| + H,0 o | + H,0 + H,0
CH,.CN CH,.CN AN CH,CO.NH,
Ethylene B-Cyan- ~ /
cyanide. propionamide. CH..CO.NH
Succinamide.”
CH,.CO,H CH,.COH
] + HO— |
CH,.CO.NH, CH,.CO,H
Succinamic Succinic
acid. acid.

For the conversion of the nitrile to the acid, therefore, at least
four molecules of water are necessary, and the question naturally
arises as to what will occur when less than this amount of water
is present, say two niolecules of water in sealed tubes, and with
one equivalent of a miineral acid to set free the cyanpropionic
acid from its ammonium salt.

Of course, it was hardly to be expected, in our experiments to
answer this question, that the hydration would proceed quantita-
tively and exclusively along one line, yielding, for example, only
amide or cyan acid, but that in all probability any or all of the
various hydration products would have to be reckoned with.
Under conditions of heat and pressure, however, the addition of
exactly two molecules of water to one molecule of the nitrile, and
in presence of exactly one equivalent of a strong mineral acid,
should yield one and the same major product, no matter what
the course of the hydration. That product is the imide.

B-Cyanpropionic acid rearranges to the imide, succinamide
loses ammonia with formation of the imide, succinamic acid gives
the same body by loss of water, and it has been shown in this
laboratory' that when succinic acid and its nitrile are heated to-
gether in sealed tubes succinimide is the product.

To be sure, these changes to the imide occur at quite different
temperatures, the production of the imide from succinic acid and
its nitrile, or from succinamide, requiring a temperature of 200°

1 Miller: This Journal. 16, 443 (1394); Seldner: Am. Chem. /., 17, 532 (1895); Mathews :
This Journal, 20, 654 (1898).
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or over, while succinamic acid probably loses its water at a much
lower point, and B-cyanpropionic acid rearranges to the imide
at still lower temperaiures. It was loped, consequently, that
the temperature at which the reaction took place, and the nature
of the by-products separated, might indicate whether the course
of the hydration proceeded through the cyaupropionic acid or
tlie amide. The problem is somewhat complicated by the fact
that, while ouly two molecules of water might be added, succin-
awmic acid, although theoretically requiring three molecules for
its quantitative production, might be continuously formed in
small amount and immediately break up again into imide and
water, the net amount of water, therefore, used up in the reac-
tion being but two wolecules; the production of the imide might
thus occur at low temperatures and still the course of the hydra-
tion be through the amide. Then, again, the formation of imide
from amic acid is partly reversible:
Amic acid «—- Imide + H,O,

and succinamic acid and most of its salts change quite easily, in
presence of water, to succinic.

The following reaction was takeun as the basis of our laboratory
work :

CH,CN CH,.CO
2 | +4H,0+ H,S0, =2 | >
CH,.CN CH,.CO

As the ratio of sulphuric acid to water in such a reaction is en-
tirely independent of the particular nitrile to be hydrated, a
standard acid was prepared containing sulphuric acid and water
in exactly this proportiou, and then the required amount meas-
ured out volumetrically. In most cases, 5 granms of the nitrile
were used at a time, and the reaction cariied out in sealed tubes
at temperatures varying from 100°-200°.

As expected, the imide was the chief product in all cases.
Cyaunpropionic acid, cyanpropionamide, and succinic acid were
not found in any of the tubes. The absence of S-cyanpropi-
onic acid and its aniide is not strange, as the hydration would
certainly carry the cyanpropionamide further, jand cyanpropi-
onic acid would rearrange to succinimide at the temperature of
the reaction. That no succinic acid was found, hiowever, seems
to argue that the major part of the imide did not come from con-
tinuous formation and breaking down of the amic acid, for the

NH + (NH,),S0,.
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amic acid is so easily hydrated to succinic that in the early stages
of the reaction, when small amounts of the amic acid had formed
and there was still an excess of uncombined dilute sulphuric acid
present, it seems difficult to understand why no trace of succinic
acid resulted. Any succinic acid produced in the reaction should
have been recovered unchanged, as the temperature was in no
case high enough or maintained for a sufficient length of time to
cause the acid to combine with the unchanged nitrile and thereby
yield the imide.

If the imide did not owe its origin to amic acid, it could not
have come from the aniide at all, as the temperature was too low
to drive ammonia out of the amide. The only remaining ex-
planation is that the chief source of the imide was the rearrange-
ment of the cyanpropionic acid, and that the hydration, therefore,
proceeded mainly along this line. Small amounts of succinamide
and of succinamic acid were, however, isolated from many of the
tubes, the presence of the latter being quite possibly due to a
partial reliydration of the imide, to establish the equilibrium be-
tween the system-imide, amic acid, water. The production of
imide in tubes 5and 6, where no mineral acid was present, also
seems niore likely to be due to a decomposition of ammonium
cyanpropionate than of ammonium succinamate.  That the hy-
dration should tend to complete itself upon one cyanogen group
before attacking the next is quite analogous to the action of
oxidizing agents, halogens, etc., upon similar straight clhain
compounds.

As the question of temperature deterniines the relative yield
of imide, it may be said, briefly, that, for the production of suc-
cinimide, it i« best to heat for about two days at 165°-175°.
Below this point the hydration is slow and incomplete ; above it,
partial carbonization follows. For glutarimide, a temperature of
180°-200° is desirable.

EXPERIMENTAL PART.

For Succinimide—Sealed tubes were prepared containing 5
grams of ethylene cyanide, and a mixture of two molecules of
water to half a molecule of absolute sulphuric acid (= 3.6 cc. of
a sulphuric acid of 1.478 specific gravity). These tubes were
heated at various temperatures and for varying lengths of tiine,
the product being a brown crystalline solid usually more or less
moist according to the temperature of the reaction and the dura-
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tion of the heating. The method of working up the contents of
the tubes was based upon the following considerations:

The bodies possibly present iu the tubes after heating are the
various hydration products already indicated, succinimide, ammnio-
nimun sulphate, excess of sulphuric acid and water. By rubbing
up such a mixture with a thin paste of barium carbonate, the ex-
cess of sulphuric acid and most of the ammonium sulphate form
barium sulphate; cyanpropionic acid, succinamic and succinic
acids, yield barium salts; etliylene cyanide, cyanpropionaide,
succinamide aud succinimide remain unchanged. If the mass be
then evaporated, carefully dried, powdered, and extracted with
absolute alcoliol, ethylene cyanide, cyanpropionamide, and suc-
cinimide will be dissolved out, while succinamide remains for the
most part insoluble. Ethylene cyanide, cyanpropionamide, and
succinimide can then be separated by selection of suitable sol-
vents, etc. The residue insoluble in absolute alcohol may cou-
tain succinamide, the barium salts of cyanpropionic, snccinamic
and succinic acids, barium carbonate and sulphate, ammonium
carbonate, and, possibly, a little unchanged ammonium sulphate.
By extraction with water, all except barium carbonate and sul-
phate are dissolved, and iguition of the residue will show 1o or-
gauic matter. Addition of sulphuric acid to the aqueous solution
will tlien liberate the organic acids from their bariimmn salts, when
they can be removed by repeated extraction with ether. Finally,
if bariui carbonate be added to the acid solution after the ether
extraction, and the filtrate from precipitated barium sulphate
evaporated and the residue ignited, the carbonizing of the residue
will show the presence of amide or of acids insoluble in cther,
which niay then be extracted by proper solvents until the ignition
of the residue shows 1o organic matter.

As examples, the following tubes may be mentioned: Tubes
1, 2, 3, and 4 all contained 35 grams of ethylene cyanide, two
molecules of water, and half a molecule of snlphuric acid. They
were heated as follows:

No. 1, six hours at 131° to 138°.

No. 2, six hours at 142° to 155°, and then three hours at 158°
to 165°.

No. 3, six hours at 154° to 162°.

No. 4, five hoursat 160° to 170°, and then six and a half hours
at 159° to 165°.
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The contents of the tubes were worked up as already outlined.
Succinimide was found in all of the tubes, the amount increasing
with the rise in temperature and the duration of the heating.
No. 1 contained much unchanged cyanide. Small amounts of
amic acid occurred in all of these tubes, and traces of what ap-
peared to be amide were separated in several.

No. 5 contained 5 grams of ethylene cyanide, two molecules of
water, and no sulphuric or other mineral acid. It was heated
for five hours at 153° to 173°. The mixture in the tube then
appeared as a brownish liquid containing oily globules, and with
a strong odor of ammonia. Most of the cyanide appeared un-
changed, as scarcely any imide could be detected.

No. 6 carried 5 grams of the cyanide, one niolecule of water,
and no mineral acid. It was heated for six hours at 153° to
173°. The tube contents were then brown and semisolid. Suc-
cinimide in large amount was separated, a small amount of amic
acid, traces of succinamide, but no cyanpropionamide was dis-
covered,

For Glutayimide.—Trimethylene cyanide was heated in sealed
tubes with two molecules of water apd half a molecule of sul-
phuric acid, for five to ten hours at 155° to 200°, and the prod-
ucts of the reaction separated in essentially the same manner as
for the succinimide tubes. Glutarimide was isolated in large
amount (60 per cent, of theory), but no amide or amic acid could
be detected, except the imide, the tubes containing only unhy-
drated cyanide. A temperature of 180° to 200° is necessary for
the success of the hydration.

ORGANIC LARORATORY, HAVEMEYER HALL,
CoLUMBIA UNIVERSITY,
July 1, 1901.

ON THE DETERMINATION OF CITRATE-INSOLUBLE
PHOSPHORIC ACID.

By C. D. HARRIS.
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HE method used in the laboratory of the North Carolina De-
partment of Agriculture up to recently was as follows:
Two grams of the sample to be analyzed were washed free of
water-soluble phosphoric acid. Then 100 cc. of strictly neu-
tral ammonium citrate solution (sp. gr. 1.09) inan 8-ounce Erlen-
meyer flask, was heated to 65°, in a water-bath, keeping the



