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Thus, Dr. Hanslian
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says this substance was introduced by the Germans as a flling for
artillery shell in August, 1915, under the name of *“ D-Stoff”; the reports
of the Allies’ laboratories which analyzed the contents of these carly
Cierman D shells show that dimethyl sulfute was an ingredient of their
chemical eontents.  On the other hand, Dr. Mueller (21, page 98)
emphatically denies the German use of thix compound and explains the
sitwation thus:

the late war is somewhat uncertain.

The oft-repeared statement to the effeet that dimethyl sulfate had been isel
experimentally by the Germans as early ax in 1915 s not true. [t is to be explamel
hy the fret that methylsalfury] ehlonde used at that time temporarily was slightly
polluted with s few per eent of dimethyl sulfate, and the impurities still clyng 1o
the commiervinl prodiet wfter its monufacture,  Under no circumstances was dimethyl
sulfute purposely wdded.  Those concerned with such motters would never have
sgreed o iy use,

Whether or not the early German use of dimethyl sulfate was deliber-
ate or accidental, it is clear that no one at that time really realized the
true combat value of thiy substance, Thus, it is not ouly a good lacri-
mator and very toxie, but is also a fairly powerful vesicant. These
properties were later discovered by the French and dimethyl sulfate was
adopted by them as a filling for artillery shell and hand grenades in
September, 1918, under the name of ' Rationite."”

Dimethyl sulfate is produced by acting on fuming sulfuric arcid with
methyl alcohol and distilling in vacuo. Before the war it was used in
industry as a methylating agent for amines and phenols and as u reagent
for detecting coal-tar oils,

It is u eolorless oily liquid, of 1.35 specific gravity, which boils at
I88°C. (370.4°F.), yielding a vapor 4.4 times heavier than air with &
faint udor of onions,

At ordinary temperatures (68°F.), its volatility is only 3.3 mg. per
liter, which is low for o lung injurant but high for a vesicant. Dimethy)
silfute is very readily decomposed by waler so that its vapors quickly
conibine with moisture in the air to form sulfuric acid. This is one of the
chiel defeets of this substance as n chemical agent.

Dimethyl sulfate i a powerful irritant to the mucous membranes,
especially the conjunctiva and respiratory system. Its direct toxie
action is exerted against the lungs in a manner very similar to that of
chlorine, resulting in bronchitis, pneumonia, and lung edema. A rcon-
centration of 0.50 mg, per liter is fatal on 10 minutes’ exposure, [t is,
therefore, about us toxic as phosgene. In lower concentrations it exerts
u vorrosive action on the skin, resulting in & peculiar anslgesia of the skiy
which iy snid to last for six months after exposure. For this reason, it
may ulso be regurded as a vesicant agent.

The limited use of this compauntt auring the war did nut deBnitely
establish its combat value. However, the high degree to which it is
decomposed by water, and even by the moisture in the air, would require
that any tactical effects produced be secured by the vapors directly upon
the bursting of the shells before these vapors are decomposed by the
moisture in the air.  This =0 greatly limits the combat effectiveness of
this substance as to raise o serious question regarding its future value
s i chemical ngent, particularly sinee other more toxic and more ve<eant
compounds have been discovered.

Perchlormethylmercaptan (SCCL,)
Curbon Tetrachlorsulfide

During the summer of 1915, while the Germans were experimenting
with hologenated esters, the French conceived the ides of utilizing
perchlormethylmercaptan as a chemical-warfare gas, and this substanee,
which was introduced by the French in the battle of the Champagne in
Septernber, 1915, constituted the first use of gas shell by the French
Armys

Perchlormethylmercaptan may be obtained by the direct chlorination
of methylmercaptan (CH,SH) or by passing chlorine into carbon disulfide
in the presence of a small quantity of iodine as a chlorine carrier. The
resulting product i= a light yellow liquid, of 1.71 specific gravity, which
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boils at 148°C. (300.2°F.), yielding a vapor 6.5 times heavier than air.
It lacrimates in concentrations as low as 0.010 mg. per liter and iz intoler-
able at 0.070 mg. per liter. A concentration of 3.00 mg. per liter ix
lethal on 10 minutes' exposure, which makes it sbout one-sixth as toxie
as phosgene.

Perchlormethylmereaptan has the following disndvantages as a chemi-
cal sgent:

1. Rather low toxieity.

2. Warning odor which betraya its presence hefore toxic effeets are produced.
1D in the p of iron and steel.

4. Charcoal easily fixes its vapors and furnished complete protection against it

For these reasons, this compound was soon abandoned in favor of
other more effective substances and iz not likely to be used again as n
chemical agent. Commenting on this gas, Izard (23) says, “Its utiliza-
tion had no other object than to realize a provisional solution.”

Phosgene (Carbonyl Chloride) (COCIL,)
French: “Collongite ”; German: “ D-Stoff”’; British and American: CG

Phosgene was the second toxic gas to be used in large quantities
during the war., It was first employed by the Germans, mixed with

chlorine, in & cloud-gas attack nlg;';nst the British at Nieltje, in Flanders,
on Dee. 19, 1915, when 88 tons of gas were released from 4,000 cylinders
und pricduced 1,068 casualties, of which 120 were fatal,

In February, 1916, phosgene was adopted as an artillery-sitell filler
by the French in retaliation for the Germun K-Stoff shell. Thronghout
the remainder of the war, this gas was the principal offensive battle gus of
the Allies, being used in enormous quantities in eylinders, artillery shell,
trench mortars, bombs, and projector drums.  More than 80 per cent of
gas Tatalities in the World War were caused by phosgene, Concerning
the use of phosgene in the World War, see Table XVII, pages 663 ff.

Phoxgene was known to chemists for over a hundred years before the
World War, being first made by the British chemist John Davy in 1812
by the reaction of carbon monoxide and chlorine in the presence of sun-
light, At the begiming of the present century, phosgene wus used
vxtensively as an intermedinte in the dye industry and had been manu-
luctured ou & considerable scale for many years in Germany.  With its
well-known toxic properties und its ready availability in large quantitios,
phusgene was u Jogicul choice of the German chemists for & more powerful
substitute for chlorine when the Allies had equipped themselves with
musks that aforded sdequate protection against ehlorine,

At ordinary temperatures and pressures, phosgene is a colorless gas
whieh condenses at 46.7°F. to a colorless liguid of 1.38 spevific gravity,
Above 46.7°F., phosgene immediately evaporates, although at a slower
rate than chlorine, and gives off a transparent vapor, 3.5 times heavier
than air, with a stifling, but not unplessant, odor resembling new-mown
hay.

Aside from its characteristic odor, phosgene may also he detected in
the field by its so-called tobaceo reaction, by which ix meant that men who
have breathed only very slight amounts of phosgene experience n peculine
flat metallic taste when smoking tobacco. Certain other gases, such ax
HCN and sulfur dioxide, however, also have this effect and must be dis-
tinguished from phosgene by their very different odors.

Chemically much more nert than chlorine, phosgene is u very stable
compound and is not dissociated by explosion of even strong bursting
charges. When dry, phosgene does not attack iron and may, thercfore,
be kept indefinitely in iron and steel containers. It is, however,
extremely sensitive to water, in contact with which it quickly hreaks
down inte hydrochloric acid and carbon dioxide, accurding to the
equation

COCly; + H:O0 = CO, 4 2HC!
Hence, even if slight traces of water are present in loading phosgene into
shell, the hydrochloric acid formed will attack the shell walls and gen-
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erate dangerous pressure in the shell; if sufficient hydrochloric acid is
formed, it will eventually destroy the shell. Because of its rapir hydroly-
six in the presence of water, phosgene cannot be efficiently employed in
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