
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB957368

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to DoD and DoD
contractors only; Specific Authority; 28 SEP
1984. Other requests shall be referred to
Chemical Research and Development Center, Attn:
SMCCR-SPS-IR. Aberdeen Proving Ground, MD
21010-5423. Document partially illegible.

ECBC memo dtd 27 Aug 2014



&,. .T.R. 341. COPY NO. 1. (O

(Projects A 3.3- 1)

%CYANOGEN CHLORIDE fl-
LID

Part I . Preparation.

U I By: Albert Morrison

Part II. Toxicity: Median Lethal Concentration for Mice,

By: S. D. Silver
F.?. McGrath

LUTHER~ A.CAT-,dL. WAR DEPA~T 

M'kd-o Lied Review Comm

AUG -4195L EC LAS3#Ill$

BRIGADIER GENERAL R. L. AVE-Y7,CCLWNDhING

Q~m.LT. COLONEL W. C. KABRICE, TECHNICAL DIRECTOR

G. E. MILLER, CHIEF, RESEARCH DIVISION

LT. COL. WIA. D. FLEMING, CHIEF., MEDICAL RESEARCH DIV.

- .Forwarded to Chief, Chendoal Warfare Sevc,

[ Distribution limited to DOD and,.POD contract6r-s only; specific

authority; (28 Sep 84). Other requests shall be referred to
BESTAVAIAUE ~pyATN:SMCCR-SPS-IR, Aberdeen Proving Ground, 14D 21010-5423.

TTO
I0A



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QJALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



.4 I

""CYAIT0GEJ C HLOR I DE

- Part 1. Prepara~tion. ,

SPart II* Toxicityi: Yledien Lethal Concentration for Mice. [

%.4

.. ABSTPACT

* 0

"-- e of the objects of project A 3.3-1 is to "reinvestigate
'- ]'he toxicity of cyanogen chloride under the latest+ conditions for conduct-
i{' "in, animal experimentation and establish the minimun lethal concentration
i -] for 2 minutes, for 10 minutes, and for 30 minutes% .

I!The object of the work described in this repnrt wsto

-"synthesize 2ure cyanog-en chloride, to study the literature pertaining to
its wartime use and to its stability and chemrical constitution, to '

• "dotermirne Its median lethal concentration for -..+ite mrice exposed for
, : 2 mninutes, 10 minutes, and 30 minutes and observed for 10 dayrand to
:.+ compare the value of cyanogen chloride as a war gas with phosgene and
~hydrocyanic acid.

Results.

Preparatione

4,.

Date Abouit 750 g. of pure cyanogen chloride was prepared.

- F roperties.

Data regarding the sam ple of cyanogen chloride submitted
4---4-A+ - 4---4- were as follows:

'.,~~I a , CTE .k

rnnrrflA lN..iUIIYD0Gi ELRD~

::+ + ++ + + EP ODUcm o.... FRO&,
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ABSTRACT (Cont'd.) K,.

Appearance: Water-white, mobile liquid.

Quantity: 400 g.
Date of delivery: Jan. 31, 1941.

Physical constants.
Found Literature

Boiling point T-.C. 12.55 to 13.00C.
Melting point -7,05°C.* -6.5 to -7.40 C.
Density, OC. 1.224 1.222

Chlorine content: 57.51% Cale. 57.681o

Literature Search.

Cyanogen chloride hydrolyzes in alkaline media and also
in sufficiently acid media.

Cyanogen chloride is subject to polymerization. Reports
regarding the conditions under which polymerization occurs are vory
contradictory.

The structure of cyanogen chloride is not accurately
known, '

Lethality to Mice.

2-Min. Exposure: Nine runs with white mice, using a 2-rain.
exposure and a 10-day observation period, gave the following results:

Nominal Analytical Fraction Per cent
concn. concn, dead deathsm./l. m./l.
1.37 1.30 0/20 0
1.52 1.43 0/20 0
1,67 1.51 2/20 10
2.40 1.83 4/20 20
2.,68 2.36 0/20 0
3.11 2.1 12/20 60
3.21 3.03 15/20 75
3188 3.24 13/20 65
4.42 3.56 20/20 100

A meltin point of -6.7 was obtained on a sample of higher purity.

(2)
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ABSTIACT (Cont'd.)

10-in. Exposure: Eight runs with white mice, using a
10-m.in exposure and a 10-day observation period, gave the following
results:

Nominal Analytical Fraction Per cent
concn, concn, dead deaths
. m./g./0./ 0

C.34 0.35 0/20
0.51 0.45 0/20 0
0 .9 0.50 3/2 0 15
0.67 0.65 1/20 5
0.67 0.58 4/2o 20
0.73 0.58 9/20 45
0.85 0.80 17/20 85
0.87 0.82 19/20 95

30- O-lin. Exposure: Seven runs with white mice, using a
30-min. exposure and a 10-day observation period, gave the f'ollowing
results:

Ncminal Analytical Fraction Per cent
rcn" coC±. dead deaths

mg.11. Mg./1.
008 0.09 0/20 0
0.18 0018 0/20 0
036 0.34 10 5
0. 39 0.33 0/20 40
0.46 0.40 13/20 65
0.50 0,41 6/2 0 30
0.I6 0.48 19/20 95

Compqrisor. wii4 lh Phosrene and H1ydrocyanic Acid.

The prn:,ertiec of cyanogen chloride have been compared
- with those of phosgene and hydrocyanic acid in the light of the project
* specificntirn for Project A , Nonpeezistent Agent.

-- Conclusions.
:1..

1. Pure C]C. can be prcpared by the Zn(CN)i method.

V' W W W W W V IF qP W W
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ABSTRACT (Cont'd.)

2. The data on the stability of CNCl are fragmentary
and inconclusive. No fundamental studies on the mechanism of the
polymerization reaction have ever been mde,

3. Definite agreement as to the chemical constitution
of CNCl has not been reached, but the most recent work favors the
nitrile structure.

Part II.

4. The median lethal concentration of cyanogen chloride
for mice, for an exposure period of 2 min. and an observation period
of 10 days, is 3.1 mg./l., with an average deviation (for 5runs) of
0.28 mg./l

5. The median lethal concentration of cyanogen chloride
for mice, for an exposure period of 10 min. and an observation period
of 10 days, is 0.75 mg./l., with an average deviation (for 6 runs) of
0.027 mg./l.

6. The median lethal concentration of cyanogen chloride
for mice, for an exposure period of 30 min and an observation period
of 10 days, is 0.46 mgo/l., with an average deviation (for 5 runs) of
0.030 mg./l.

General.

7. Cyanogen chloride does not meet the characteristics
required for a nonpersistent agent to a suff3cient extent to warrant
further development for this use.

Recommendations.

None, since no further development work on cyanogen
chloride is contemplated.

(4)
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CYANOGEN CHLORIDE.

Part I. Preparation.

I. INTRODUCTION.

One of the objects of Project A. 3.3-1, Nonpersistent
Gas, CNCl (1941 project program) was to "reinvestigate the toxicity
of cyanogen chloride under the latest conditions for conducting
animal experimentation and establish the minimum lethal concentration
for 2 minutes, for 10 minutes, and for 30 minutes".

The objects of part I of this report were (1) to
synthesize pure cyanogen chloride for use in accurately determining
its toxicity and (2) to study the literature pertaining to its wartime
use and to its stability and chemical constitution.

II. HISTORICAL.

Cyanogen chloride was extensively investigated at the
American University Experiment Station in 1918 (C.W.M. 24, chapter 1).

A search of the literature has indicated that cyanogen
chloride was little used in the World War. Meyer, Der Gas Kampf,
p. 401, states that "cyanogen chloride possesses a terrible odor and
is lacrimatory and poisonous. Its limit of tolerance is 50 mg.
per cubic meter of air* Its properties, however, do not seem to be
such that it is suitable for use as a combat gas. It was used only

by the French a few times by way of experiment, but with no success".

Rudolf Hanslian, Der Chemische Krieg, in the table of
the most important chemical agents used in the World War, indicates
that cyanogen chloride was used by the French, either by itself
(mauguinite) or in admixture with arsenic trichloride (vitrite), and
also by the Austro-Hungarians. No comment on the effectiveness of
these agents was found*



A preliminary survey of the literature regarding the
wartime use of cyanogen chloride was made at Edgewood Arsenal in

1926 by T. E. Knapp who was then Chief, Technical Library

(E.T.F. 133-2). The following is qaoted from his report:

"As far as I have been able to find, the French were
the only ones to use cyanogen chloride in battle .........

"According to Report Z-210, June 25, 1918, the manu-

facture of Vincennite was being gradually abandoned owing to the

persistent decline in the demands from the front. At that time

the French placed great hopes in cyanogen chloride and believed that

it would ultimately oomp13tely displace Vincennite. Also, at that

time there were 82,000 projectiles filled with Vitrite (70% cyanogen

chloride, and 30% arsenic trichloride), but in accordance with the

policy of G.Q.G., no firing was to be done until at least 200,000

projectiles were ready and a daily output assured. At that time

the production of cyanogen chloride amounted to a little over one

ton per day, but when the now plant was ready to go at Rouen and

with the improvements in the method of manufacture, this output was

to be considerably increased. Six 75-mm. shells loaded May 7, 1917,

containing Vitrite, were opened in July 1917 and in January 1918.

'The state of preservation of the mixture was found to be perfect

in all shells examined.' Furthermore, the shells were not appreciably

attacked* (Z-158, April 7, 1918.)

"According to Paterno, in Report Z-779, about December

1918, the Italians were favorably impressed with cyanogen chloride,

although there is no evidence to show that they actually used it in

battle. In this report reference is made to the fact that traces of

acetic anhydride will overcome the great difficulty previously

encountered with cyanogen chloride, namely, its polymerization. This

report refers to rumors that the Germans used cyanogen chloride

against the Russians, but there is no evidence to substantiate this.

However, cyanogen bromide was actually identified in Austrian shells

used against the Italians on July 9, 1916, the gas being used in 77-mm.

shells. The Italians studied a number of mixtures of cyanogen chloride,

but found that mustard, chloropicrin, and arsenic trichloride were the

only substances tested which proved to form stable mixtures. They

felt that the mixtures of cyanogen chloride and cyanogen bromide seemed

to be best for practicable purposes.



"The British (A.G. 232# February 1918) studied the
protection available against cyanogen chloride and found that the
British respirator was satisfactory, but that the German respira-
tor gave practically negligible protection. According to this
report cyanogen chloride is definitely more toxic than hydrocyanic
acid. However, later tests, reported in C.C.P. 622, December 2,
1918, led to an unfavorable view of the use of cyanogen chloride.

This view was based upon field trials with cyanogen chloride.
'The work on this subject was not sufficiently promising to warrant
further investigation.' The substance was found to have about the

same order of toxicity as hydrocyanic acid. Its power of producing
casualties in small concentrations was small. Concentrations could
be set up which penetrated the German mask only when the material was
used in drums. It had about the same power of penetration as the
mixture of phosgene and cyanogen chloride. Before its consideration
was finally dropped, it was decided to make a comparative test in drums
of the penetrating powers of cyanogen chloride and phosgene, chloropicrin,
and stannic chloride, and cyanogen chloride alone.

"The Americans conducted a number of experiments with
cyanogen chloride, both in the laboratory and in field tests. Tests
of 3-in. shell exploded in a bomb pit led to the conclusion that
'evidently cyanogen chloride undergoes but slight decomposition when
exploded in 3-in. shell'. Field tests with Livons dmtms fired
statically (h.M. 719) led to inconclusive results due to high wind.
Another similar field test (P.T. 398) aimed at a comparison of the
efficiencies of phoegene and cyanogen chloride and a mixture of the
two. The results here indicated that mixtures of these two materials
could not be recommended because 'the typical effect of one is
minimized by dilution with the other'.

"From a study of binary mixtures of various materials
(including cyanogen chloride) with particular reference to their
penetration of the standard canister, the conclusion was drawn that no
advantage was found in such mixtures over the equivalent quantity of
the individual constituents.

"B.M. XXXVI-28, December 1918, is a monograph on Livens

drums which states in regard to cyanogen chloride: 'Cyanogen chloride
may be used as a filler for the Livens projectile. Its area of toxicity
is roughly equal to that of phosgene when the temperature of the air is
reasonably low and the temperature of the ground is not higher than that
of the air. Cyanogen chloride is a lighter gas than phosgene and,

-



therefore, more sensitive to upward currents of air caused by the ground
heating up to a temperature higher than that of --he surrounding atmon-
phere. Under less favorable conditions of temperature, and wind, the
phosgene cloud behaves better. However, we believe that cyanogen
chloride provides a substitute for phosgeno worthy of'some consideration*
It produces death mora quietly, and penetrates the German mask more
rapidly.'"

Miore recently (1935), Armstrong and White (E.A.T.R. 191,
Selection of a Quick-Acting N4onpersistent Agent) compared cyanogen
chiorido with other quick-casualty-producing nonpersistent agents and
concluded that cyanogen chloride was second only to hydrocyanic acid
among -his group of agents.

In E.A.T.R. 2-98 Navy Liquid ILacrimator, Preliminary
*Investigation, by Re Macy, cyanogen chloride is listed among liquids

which might be incorporated in a liquid lacrimator, but the concentration
*necessary to produce lacrimation in 50% of a large group of subjects is

40 times the concentration of chloroacetophenone required to produce
the same result, and hence, no attempt was made to use cyanogen chloride
in that work.

III MostTIAL methods for the preparation of cyanogen chloride

inx~lve essentially the action of chlorine on a solution or suspension
of an inorganic cyanide or hydrocyanic acid in either an aqueous or a
ncnaqueous solvent. In the choice of a method, a primary consideration
is the ease of elimination of certain contaminating materials, such as
ICN, Cl2, and lIM, that may induce polymerization to the solid trimer*

The method of Jennings and Scott (J.Amn.Chem.Soc. 41, 1241-8 (1919),
involving the action of chlorine on a suspension oT i'aCN (containing 2%
1120) in 'C14, seemed to satisfy this condition and hence was tried first.

* Exyperience, however, has shown that the method of chlorinating Zn(ON)2 -
2 -&C~ atr describcd in C.C.P. 5-69, pp. 65,173, was superior to that of
Jennings and ScO.t. The reactions involved in this method are as follows:

(1) 4NaC1T + ZnSO4 ... ,Zn(CN) 2 *2NaCY, + Na2 SO4

* (2) Zn(CN) 9.21aC1T + 2012 -. ,Zn(CN)., + 92CINCl 2NaC1

Zn(CN) 2 +2C1 2 -4 ZnCl 2 +2CINCl

W W W W
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"., IV. STABILITY AND CONSTITUTION OF CYANOGEN CILORIDE.

A. Stability.

* The stability of CNCI has been studied and reported on
extensively by Chemical Warfare Service investigators and to some
extent by others. CNCI has a tendency to hydrolyze and to polymerize.
It has long been known that hydrolysis is generally favored in alkaline
media, although sufficiently high acid concentrations (equivalent to
10% OHCN according to C.C.P. 5-69, pp. 98-100 or 9 N HCl according to

JeChem.Soo.Ind. 39 100T (1920)) are similarly effective. Distillation
experiments showed that water has little action on CNCI up to 200C.
and a surprisingly slow action at 40-I00*C. (C.C.P. 5-69, pp. 103-4).
Storage studies, however, on mixtures of CNCI and water indicated some

'-" decomposition (see following paragraph). Corrosive action on metals
seems to depend usually on prior hydrolysis, since Fe, Pb, and Ag
are reported to be unaffected by dry CNCl.

CNCI can be stored in steel containers without change
(P.S. 433 and 605) unless impurities are present (C.C.P. 47 and 5-69,
ppo 124-145). Observations were made of pressure changes and changes
in co position and appearance in the presence of water, HCI, Cl, and
polymerized CNCI. Water in excess of itz saturation solubility (about
1% at 00 to -20C') produces large pressure increases and evolution
of considerable CO2. Similar studies were made (E.A.C.D. 11) with

-. 75-mm. steel gas shells, and the following conclusions were dra-'n:
CNCI can be stored for a year at room temperature in a steel shell without
any difficulty. At 600C. the contents remain stable for about nine

* * weeks, but after that the gas becomes solid, probably as a result of
polymerization. Only slight decomposition of CNCI results when 3-in.
or 75-mm. gas shells are exploded (P.S. 366 and 474).

While numerous observations have been made on the
* polymerizing tendency of CNCl, there is poor agreement among them and

there have been no fundamental studies on the mechanism of the reaction.
According to 0.R. 205, pure dry CNC1 remains unchanged for five days and
is unaffected by the presence of water and CC14 , separately and in
combination, for a similar period. Chlorine, both wet and dry, with
or without CCl4, produces slight polymerization after five days, with
appearance of a slight yellow color. Dry HC1 induces slight

polymerization in five days, while wet HCI produces complete polymeri-
zation in a "short time". CNC1 containing 10% HON is less stable toward
the above substances than is pure CITCl.

* W1 W W W W W W .W
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On the other hand, in C.C.Pe 39 and 5-69, pp. 109-114,
it Is stated that a very high degree of purity appears unfavorable
to stabillty and that when very pure dry CNCl is distilled, polymer

* tends to distill with it or forms in the distillate. The addition

of about 3% water to dried OCIC increases its stability.

In the published literature (Ann. 287t 358 (1805);

.. i.

JAm*Chem*Soc* 41, 1247-8 (1919); J.Soc.Chem.Ind -39, l00T (1920))
there is agreeat that pure CNC does not polymer e, that C1 does "
not exert any polymerizing effect, and that dry NCi 1 brings about

marked polymerization. There is disagreement, however, as to

whether trtces of water induce polymerization or have no effect.

CNCl is reported to be stable in the presence of certain
compounds; acetic anhydride in traces (Z-779), arsine (o.R. 60),

* and arsenic trichorde (Z-158 and Z-779), the last having been tried
experimentally by the French. Moisture must be absent from CNCl-
arsenic trichloride mixtures because it forms 1e1, which hydrolyzes

the CC1 with resulting danger of explosion (Z-150). A solution
%of choroactophenone and CrCl is claimed to be stable (P.S. 882),

and also mixtures of mustard gas or chloropicrin with NCI (Z-779).

Pure COC 2 does not react with pure CNC, but if the agents are
impure, cyanuric chloride and NH4Cl are precipitated, and the
reaction is hastened by iron (P.S. 880 Pnd 881).

B. Constitution. V

The chemical constitution of cyanogen chloride, Which
is naturally of interest in connection with a study of stability,
has proved to be a troublesome question. For the most part, CNC1 has
been thouCht to have the structure of a nitrile, Cl-CaN, or an

iso-itrile, Cl-N c or C -ndCe Nef (Ann. 287, 314-8 (1895)) and
some other earlier workers (Gazzo Shim. ii 38, It 97-8 (1908);

* Ann. 364, 69 (1909)) favored the nitrile structure, while still others
drew some support for the isonitrile structure from refractive index
and "cle.Clar dispersion studies (Bull. soc. chi. &"J, 47, 453-7#
537-45 (1930)) as well as from chemical studies (J.Chemlo. 81, 192-
1902)), Existenco in the two isomeric forms has also been tulated:
in a reactive form, Cl-CN, and an "inert"t form, Cl-1~fC (JeRuss.Phys.

0 Ciern.Soce 38, 1058-31 (1907); C.A. 1, 1263-9)), or in the gaseous state
as Cl- nd in the liquid ste aC (Compt. rend. 158, 457-61

€..!:> ~(01) Cson.r l , 1I-N=C o AINC efielk formula8 , C-,195)ad'

- I 1 W W W W
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was proposed (Ber. 42, 3623-8 (1909)) to account for the seeming
dual nature of the Tompound and for its oxidizing action. More

* recently (Bull.soc.chim.L5], 1, 1544-6 (1934)), the chlorine atom has
been characterized as an active or oxidizing halogen. It has been
calculated from electron diffraction studik s that 24% of
+:X=C=N" is present in cyanogen halides in addition to the
conventional electronic structure :X-C'N (J.Am.Chem.Soc. 61, 299-303
(1939)). However, spectroscopic and thermochemical data-Tndicate that
CNC1 in the normal state is made up of normal chlorine atoms and normal
cyanide radicals and that the structure is probably ClCN (J.Am.Chem.Soc.
53, 2572-7 (1931)). Studies of the Raman spectra of the cyanogen
slides also lead to the conclusion that the nitrile structure is the
correct one (J.Chem.Phys. 1, 402-5 (1933)).

V. EXPERIIMNTAL.

A. Materials.

Crude CC14 was distilled for this purpose through an
indented column fitted with a "cold finger" condensing head. The CC1 4
was collected at a constant-boiling temperature of 760C., the small
initial and tail fractions being discardede The NaCN used was Baker-
Adamson reagent grade. The chlorine was obtained from a cylinder.
The ZnSO4 was of unknown manufacture and purity.

B. Preparation of Cyanogen Chloride.

* In the preparation of cyanogen chloride by chlorinating
a suspension of NaCN in CC14 by the Jennings and Scott method, a 4-neck
2-liter flask was used, fitted with a thermometer well, a mineral oil-
mercury-sealed mechanical stirrer, a condenser, and a tube for intro-
ducing chlorine fitted with a sintered glass disk for dispersing the gas.

4The chlorine was led, through a bubbler containing 11 S04, into the
reaction mixture kept at 00 + 50C* with an ice-salt bath. When the
chlorine absorption was complete, as indicated by gas passing through
the bubbler on the end of the absorption train, the temperature in the

* reaction vessel was slowly raised to approximately 40°C. The product
was distilled from the reaction vessel, passing through a condenser
kept at 10-120C., then through a column of moist marble chips, and
finally through a CaCl 2 drying tower into a receiver surrounded by an
ice-salt mixture maintained at 00 + 5°C. The receiver opened to the
atnospherv through another CaC1 2 drying tower and e. gas-washing bottle
containing an alkali solution. The apparatus is shown on I wg. A21-45-1,

(P. 16).

5 -7-" WW
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In the zinc cyanide method, a 5-liter reaction vessel
was used (see sketch A 21-45-1). Other changes in the setup included

a metal packing gland in place of the mercury seal for the stirrer,

the installation. of a trap containing glass wool to act as a fo_.

breaker, and a condenser leading into the receiver. This seonad

condencer was cooled by brine maintained at 0O + 50C, and circulated

by a small mechanical pump. The ratio of 4 moles of NlaCN tc each

mole of ZnS0 4 was used and each salt dissolved separately in a liter

of water. The two solutions were nixed, with aCitatio., in the

reaction vessel naintained at 00 ±_ 5 0 C. When the NaCN solution is

first added to the ZnS0 4 solution, Zn(C0!) 2 is precipitated, but on .
furthor addition of the NaC, solution the precipitate is dissolved,

forming the conplex zn(2H)24 2NacN. In the present instance a yellow

flcck rsmained in spite of the adiition of NaC1N in excess of the

theoretical. This nay be due to some impurity in the ZnS0 4 (the

purity of which was unknown).

One run wms nade by the jer.nings and Scott method and

fior runs by the Zn(CN' 2 method. The forv.or method gave a yellow

product highly contaminated with chlorine, while the latter method

gave a water-white liquid in 3 runs, The fourth run yielded a

yeli.wish liquid, wich, w.cn treated with NaCN and redistilled, gave
a colorless product. The distillates ootaincd from the Zn(CN)2
method were mixed and the whole distilled, yielding a water-white %

mobile liquid with an intense lacrimatory action. About 750 g.

of CNCI was obtained by redistilling the last 4 runs shown in

table 1.

Table 1
Description of Runs.

4'.

Run I Method used Materials used sChlorinatiorsi Temp, i Yield in
no. 21 time" .

no*~~ i la Z**04

, I g. I c hr. I '. O g. : '% .*.

1 s Jeinge Scott 1 650 - 7 2 -3 to +5S 18* t.

2 Zn(CAI)2 s 150 191 1 10 -5 " +51 90** 1 48

3 s 300 s 430 1 9 1 -3 " +51 253 1 67

4 a " 300 s 430 S 9 a -3 " +5 S275 73
5 I' a350 500 10 5 " +5s 222*** 1 51

5ONfectZve reactio'n ?ask causedl lossof' yield. '.["

* Practice run, no attenpt made to distill maxtr'in yield.
o* Dow yield and yellow -oduct probably due to oyzrchlorinatJon.

. .. . . .. .
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C. Determination of Physical Constants.

The boiling point (12-130C.) of the CNCl was determined
by observing a thermometer placed in the path of the condensing vapors.

To determine the melting point, a small sample of the CNCI was placed,
together with a thermometer and ring-shaped agitator, in a large test
tube, and the latter was imbedded in an ice-salt mixture. When the

sample was approxivately half crystallized the tet tube was transferred

to an ice water bath and the sample pormitted to melt with agitation.
A constant temperature reading of -6.70 C. obtained during the transition .'.

from the solid to the liquid state was taken as the melting point.*
The density wee determined as follows A volume of CNC1 at OOC. was
weighed and the density computed from the weight of the same volume of
distilled water at 20C0 . A value of 1.224 was obtained.

A sample was analyzed for its chlorine content and a
value of 57.1% was obtained (calculated 57.68%).

VI. FINAL SAL.PLE FOR TEST.

During the interim between the synthesis of CNCI and its
delivery to the Medical Research Division the material (750 g. sample,
page 9) was stored in a sealed glass flask in an ice chesto Some weeks

later a trace of sediment was noted aind hence the material wad redistilled
through the apparatus shown on dr. A21-45-1 and physical constanta
redetermined. The 400-g. sample obtained was used in all of the tests

recoried in this report, The data on this sample of CNCl before its
delivery to the Medical Research Division are outlined below-

Date of delivury: January 31, 1941.
Appearances Water-white, mobile liquid,

Quantity I 40C grams.

Physical constantas
Found Literature

Boiling points T977. 1?,55 to -1.0C.
Melting points -7.06 0C.,, -6,5 to -7.40C,

Density, 00C 1,224 1,222

Chlorine contents 57.51% Calculated, 57.68N

The thermometer used for the boiling point and melting point was
checked at the zero point.

- The sample which had a m.. of -6.7oC. (see par. C, above) was
considired to have higher purity.

. . .
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VIi. DISCt'SSION.

The method of jer.inge and 3oott ir marred by tho

formation of a volatile water-soluble darlc-brown deposit which forms
around tho edge of tho reaction mtxture. The product probably owes
at least part of its color to this !ubstancse The zinc cyanide method
it to be preferred bezeue a cleaner product is obtained, and the
reacticn can be followed much more easily. When the chlorination is

first begun, the soluble double salt is decomposed by the preferential
chlorination of NaCN and the insoluble Zri(2L) is precipitated, giving
a zilky suspension. After the exhauction of the NaCN, the sumpended

is next chlorinated and the ruspencioL begins to clear-
Chlorination should be discontinued just short of completion, leaving
some unreaoted Zn(CN)2. This ensures freedor from ohlorire in the
distilled products The ratio of 4 roles of Tlai; to 1 of ZnZ04 is
rocommendeds The INaCN and ZnSO4 should be dissolved separately, each
in one liter of water, and subseque,'tly mixed with agitations The
reaction vessel should never be more than 3/5 full, since occasionally
conriderable foaming onc-urs, but uesally th!, foaming stops during the
cource of the chlorination. Though the highert yield obtained in the
preetnt work was 73/,, it is believed that a slightly higher one is pos-
sible. The values for the boiling point, melting point, and density '
a6 ree well with those obtained in the most careful work reported in the r.

literature (see table 2) and establish the purity of the sample obtained,

Much of the inforwation relative to the stability of
cyanogen chloride was from wartime reports, which are often vaguae and
&!et;hy, It is seldom thet the authors of these reports include any
index of the degree of purity of tho material 4nder examination& In one
inetance wehere data are given (CP. 47) ir the studiee of storage in
steel, the ON0d is stated to have a freezing point of -83OC*, which by
comp-.rison with other reported values, (see table 2) would indicate that

the miter.'l was not very pure, Hence the reliability of many of these
Yartime resulto must be questioned.

,* 4

- lC -,-4'.

%4. '
.47-
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Table 2

Physical Constants.j

So1iling point (00)

12.6 760 mm. Regnault, Jahresar. lF63, 70.
72550'bm.Muuj and Simon, An. .-7him. (9) :

15, 41 (1921).

12.550/760 mmn. Cool and Robinson, 'J. Chem, Soc,
130/701935, 1001-5.
13.0/760.7m.Klemenc and Wagner, Z. &norg. allgemi. Chem.

235, 427-30 (1938).

Melting point (1C.). ..

-70 to -60 Mauguin and Simon.
.50 1 0.20 KIemenc and Wagner.

Density at 00 0.

1.222 Mauguin and Simon.
1.222 Cook and Robinson.

T.9
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The problem of stabilizinC OCIC concerns Itself with the

polymerizin:g tendernoy, since hydrolysis can be prevented. CN1C2 is

said to be stable in the presence of acetic anhydride, arsine, arsenic
trichloriie, chioroacetophenone, mustard or chioropiorin, but the
information available is extremely r'eaver. The effects of these
subslances merit reexanination. Indeed, it is believed that a
fumds..nental study of the mechanism of the polymeriftition reaction
might be a necessary preliminary to the selection of Ft suitable

&taLiizin:- ag-ent. Fu~rthermore, sore additiornal light thrown on the

more acadenic problem, of the chemical constitution of C'NCl migrht
prove helpfiil.

In the 14.h' of the additional information contaiined in
this report, in E.k.T.R. 360, Hydrocianic Acids Median. Lethal Concen-
tration for Mice, 2- and 30-Kinute Exposures, and In E..A.T.R. 354,
P-osgenet 1 e~iar Lethal Concen~tration for Mice, 2- and 30-!Minute
Exposures, the indicated relativa vulues of phosg-ene, cyanogen chloride,
and hydr:cyen.lc ac-id as quick-acting nonpersistent agents has again beell
studied. The followrin; paragraphs discuss the characteristics outlined
in project sr'acification A 3 wnich are believed to be of paramiount
importan e in the evaluiation of such an agent.

iersistence.

All three of these comapounds meet the requirement for
nonpersistence.

Speed of Action.

In determining the median lethal concentration for hydrocyanic
acid in all runs regardless of the concentration or time of exposure the

mice were in a state of complete collapse when withdrawni fr~n the gasstn4
cha-.6er. Practically all of the deaths occurred during the exposure
'o tihe a,,ent.

With cyanogen chloride again all the mice were in a stto
of coz-,plete culle.pse whnen removed from. the gassing- chariber. For the 2-
n ni !J -ite exposiures t. ;ose mic-: which revived, in almost alcss

aurvived the 10-day observation period. wiha 30-minute exposure to
a l:wKer concentration there was a considerable number of delayed deathF.

12*
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In the tests on phosgene there was no collapse in the
chamber and no imr'ediate deaths were obtained.

These tests show the relative speed of action of these
three com,,pounds and indicate the failure of phosgene to meet this

requirement.

LMedian Lethal Concentration.

The median lethal concentrations of these compounds
are Eiven in the following table. 'he references to the sources -.. 1
of these data will be found in part II, page 28. The mdian lethal
concentration values are also given divided by the density of t,e
respective compounds to show the relative voluzme ratios because shell

%re loaded to constant vollue rather than constant weight.

AgentI Dec-- Exposure
- ity 1 2 min. : 10 r.in. 1 30 rinn,

:g./n-.. a ngm ~ .. ;,, =./;, Mg.,. , ,ng./I. Ir./,., - m- . 1 .
C-3 1.4 a 2,3 a 1.64 a 0.375 a 0,8 0112a 0.08I :1 z 1.2 3.1 r 2.58 C 0.75 a 0.625 a 0.46 0.353
LO: , 0.' 0.64 0.14 , 0.228 0.3 26 o.1i 0.264 '

Fhosgene has been included in this table for the sake
cf cnpariscr. although the lack of izjiediate deaths anci collapse in
detem.ining the median lethal concertratlon Ft 2# 10# and 30 minutes
indicates that it is rot sufficiently rapid in producin deaths at these
concentra.ions to be considered a quick-acting agent.

Both cyanogen chloride ai~d hydrocyanic acid produced
collap-se during expcsure and ir-nediate deaths but considerably hi:her
concentrations of cyax.ogen chlor ide were required. This is true when
the comparison is made on either the weight or volumie basis..

Procurabilit,.,... -

My rocyanic acid -s produced on a com-orcial scale
by a nzi.ber of r.anufacturers, and pr:-curornent should offer no problem. 4

Phosgene is produced co:r.ercially to a lirited extent
but has been r.anufacturod by the Che.:Acal Warfare Service and plant
designs are a,.-Rilabie.

174

v

I--' .

,°.- ' - - -. . . . - Wt-v --- r r. . .. ....... . , .' '-7 '' '''/ -i' -. '- . - ". . . . .

'~~~~~~~~~~~~~~~~~~~~~~~~~~~.'..'.'.v.'."...":....':........."".,',"....... . .... .. 4-. .- ,•' .- ""--" "-- . . ,.



Cyanogen chloride is not produced camercially and the
Chemical Warfare Service has no plant designs for its maenufacture.

3 Stability&

Me an s of stabilizing hydrocyanic acid have been investi-
gate& extensively by various industrial ooncerns, and these results
have been made available to the Chemical Warfe-re Service. They
indicate sufficient stability for this use but extended storajLo for
more than one year is not recomr.erno3d.

d Posgene aPpears to be sufficiently stable in storage
for this use.

Tne stability of cyanogen chloride has received little
* study, consequently a very considerable amount of work wo-uld be necessary

before its use could be reoiamrnnded.

WVarning; Action.

l ydrocya-nic acid has no very pronounced odor but i8
considored to be detectable by most people wher. breathed. Thosgene
has a Umuch more pronounced odor and is easily detectable. Cyanogen
chloride is a rowerful lacrinator, even in low concentrations. It is
used as a warning agent in hydrocyanic acid fivnigation.

Canister Penetration.

* The protection afforded against these gases by the LXAl
canister can be expressed as the number of grams of each which will be
absorbed. This value will veary somewhat with the concentration of Avhe
gas, but the following values can be used for purposes of comparisont

~.Agent Absorbed by
UU1~ canister

Thnsgene 32
iiydrocyanic acid 6
Cyanogen chloride 3-4

"14-
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E-xanination of t-ese data zho-w that the oeno-city of the
canister for absorbi-ng phosgene is so great that there is nc threat

fab--ea~k under aniy norr~al conditionzs in the field. rc-ar.i

acid a-nd cyanogZen chloride are much less readily absorbed anc. long-4
continued reathinG of these gases could result in a break cf the
canister. Cy-anogen chloride holds the advantage in this respect. -

ConsiderEation of the atove points concorning- these
agents irclicates that ph, z-ena Icoes not m~eet the requirenents for a 4
quick-az ting nonpersistent agent because irimediate deaths or collapse
were 0t proeucad.

CyanogCen chloride fails to meet these requirenernts in
that toc high a concentratinn is required, it is not procurable
COILL~erciaily and no plant designs are available; its stability has not
been investigated ard its powerful lacri-.atory action serves as an *

effective warning of its presence.

e ~Hydrocyanic acid is considered to miost nearly mneet the
requiremients for a quick-acting nonpersistent agent.

VIII, CONCLUSIOC.

1. Pare C:TC1 can be prepared by the Zn(C',' 2 m~ethod.

2. The data on the stability of CNC2. are fragmentary
and inconclusive. Nlo fundam~ental studies on the rmechanien of the
polynerization reaction have ever been made.

3# Defi.nite agreemen~t as to the chemical omnstitutio.
of C.-Cl has not been reached, but the nost recent work favors thea
nitrile structuro-.,i

4. Cyar ogen chloride does not meet the characteristics
required for a nonpersistent agent to a sufficient extent to warrant
further dcvElcnert for this use.
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Part II. Toxicitv, "ediar Lethal Zcncentration for ice.

T!1 -,'-C-. 01.

one of the objects of project A 3.3-1 is to "reinvestigate

the toxi:it: cf cva-ncgen chloride under the latest conditons for con-

Thct.Ing animale and estabi.h the minir. lethal concen-
tra-iun for 2 minutes, for 10 Cinutos, and for 30 minutes", .

The object of the work described in part Ii of this report
was to deter-.ine the nedian lethal concentrations of c':-nogen chloride .

for whit2 nice ox-osed for 2 nir., 10 min., and 30 rain. and observed for
1D clays. Sim7ilar determinations have been rmade for phosgene and fc: ""
hydrocyc-nic acid in order that the toxicity of the three compounds may, -be cmrared.- .

T 7 S /0 A T

A -reat deal of woe,: has beeu done on cyanogen chloride
datin back to the "-rst Word War and before. ,

The toxicity of this conmound has been detemined for -
nice exnDsed for various uerlorof time. Early Chenical Warfare
Ser-ice rororts (P.R. 33, 41, and 59) indicate that the rLediPn lethal
concentration of cyanoger chloride for mice, for a I-.,.In. exposure
p3riod, is between 0.2 and 0.5 r.'.. F.2. 222 reports experimentaldata for exmpsure 7eriod of 7-i,/"l and 30 min., and 1, Z, 3, and 4 hr., .-. "

and nresents a chart showing a s=oothed curve drEiw-'. from the olotted
data (including the earlier data for 10-min. exposures). According-
to this curve, the "toxic concentration" (usually interpreted as that
which killed from E07C, of the animals exposed) for a !C-ir., exrosure
is 0.64 Tg./l. and for a 30-.ln. exposure, 0.d ir./l. E.A..,. L2'
establishes a median lethal coicentratior. for 20 Un. of 0.74 mg./l. -,

for a 24-hr. observation period. The median lethal concentration for
a 1--min. exo.iOcUre and a l-day observation o3riod is 0.69 mz./l.
tccordin- to calculations (E.1.T.:. 109, supplem:.ent 1) based on det-.
subitted in A.. . 12,. .

• -4th mnd., 0V(S 4C0.iI2/137 secret, C3, EAi 1&y 1, 1'41, 'o C of C,
on basir letter, same file, J, EA, r. 6, 1941, z 2bject, A 3.5-1,
AT 340, . ., Stability in Shell, Status Report, '?40, to C of

.' " .*

• 1-.."%
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III. EXPV eT

.Material.

The cyanogen chloride used in all the runs w~s. delivered2
to the Medical Research Division on January 31, 1941 by the Resesrch
Division, Edgewood A.renal. It was described as follows:

Parityi 99.72$) by Cl.
Boiling point: 1.8 0C .t 760 mm.
Melting point: -7*050C.
Solubility soluble in alcohol and eth.r.

stabilityi stable towards atmospheric .

Dio Eeoxygen .nd moist air
probably not stable towrds

water.

The sample amounted to 400 g.

B. Animals.

The white mice used in these experiments were purchased

from dealers. Three lots were used. Twenty five mice from each lot
were set aside as controls and the normal daily death rate was

determined from them. Pertinent data are tabulated below-

Mouse Date Observation Normal daily

lot received period death rate
days

6 1/3141 17 0.7
7 2/4/41 18 0.22
8 2/1341 20 0. 0,36

*C. Apparatu s. ,"40[ -

The small gassin- chamber (capacity 529 1.) and the
apparatus used for setting up che various concentrations of cyanogen

chloride in the chamber are shown in photograph 8168. Not in the

photograph is the beaker used as an ice bath in which the bubbler

was immersed during each run. 4

V- a S W
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The apparatus used for collecting samples of the
gas-air mixture for analysis is that shown in photograph 42,"
except that only the large sampling tube was used.

D. Procedure.

The liquid cyamogen chloride was volatilized from
a bubbler by passing nitrogen through it. The rate of vaporization
was controlled by the rate of flow of the nitrogen, which was -

measured by a flowmetor in the line, and regulated by a controlled

leak between the flowmeter and the bubbler, and a needle valve.
The agent was kept at 0C. by immersion in an ice bath. The
resulting cyanogen chloride-nitrogen mixture was introduced into

a glass mixing bowl, through which the affluent air to the chamber
passed, carrying the agent into the chamber. The airflow through

* the chamber was 250 l./min. as measured by an orifice meter in
* - the effluent air line. ~

The mice were placed in a wire cage having 0
* compartments and fitted with a sliding wire cover. The ce-e was .-,

instantaneously introduced into, or withdrawn from the gassing
chamber by means of a gas-tight cradle.

Concentrations were established in the gassing chamber
by the following method. The airflow through the chamber was started
and set at 250 l./min. The bubbler w- weighed carefully. To

prevent loss while weighing, the cyanogen chloride in the bubbler

was frozen solid for that operation by dipping for a short time into
& _ixture of 100 parts of calcium chloride hexahydrate and 70 partb "
of snow contained in a Dewar flask. The bubbler was then connected
to the rest of the apparatus in the proper manner (see photograph
8158), the nitrogen control leak being left open. The flow of

nitrogen was started and maintained at an arbitrarily chosen flowmeter "' 4
- level by means of the needle valve. The bubbler stopcock was then

opened rtnd the control leak closed quickly by a pinQhclsnp, forcing

the nitrogen through the bubbler. At the same time a stopwatch was

started.

According to the equation t9 9 = 466 chamber vol. a
airfl w

. 629-1. chamber having an airflow of 250 1./min. requires 12 min. to
reach 997, theoretical concentration. The gas-air mixture was there-
lore allowed to pass through the chlmber for 15 min, in order to

establish a constant concentration therein. At the 15th minute the
eJ

W, W- W W W W W 4
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mice were Introduced into the ohanber. Twenty mice were used in
each run; the exposure period was 10 min. and the observation period

was 10 days.

Nominal concentrations were calculated from the loss

in weight of the bubbler, the rate of airflow through the chamber,
nd the time during which vaporization from the bubbler took place,

as follows:

Loss in weight of bubbler (mg.)

"ominal ocn. . = Arlow thru chamber (1./mi.') X time (min.)-

Sampling of the gas-air mixture in the chnber was
started simultaneously with the introduction of the mice into the

oha&mbur.

E. Ana I Zis.I

The gas-air samples -withdrawn from the gassing chamber

were analyzed for cyanogen chloride by absorbing it in 25 ml. of a

solation containing 70M, of 954 ethyl alcohol and 30,' of 2N aodium
hydroxide. This was then neutralized with nitric acid and a slight

excess of the latter ws added. Total chlorld-es were found by the -
Volhard method.

Anal con"n. X 61.5
True volume of sample (1.)

The tmlte volum~e wasi found by the follcivinga ~

True volume = Barometer reading - meter manometer × volime
Bar-ometer reading

The size of the sample as read from the meter was 10 1. in the runs for
2-and 10-minute exposures and 25 1. in the runs for 30-minute exposures.

F. Results.

The results for the three different exposure periods are -
shown in tables 1, 2, and 3.

g Normality factor.

4W .
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The results shown in the above tables are plotted in
charts 1, 2, and 3 by the use of probits (as A-one in C.A.T.R. 109,

Suppi 1).This method of straightening the usual S curve is
cxrlIained in that reference. N~ominal concentrations were used for

thplots. The riedian lethal ooneentratIons, as read from the

charts, are as follows:

: xnozuare Ob Ser Vat -On Y~.L. C Av'erage deviation
_____ __ _ ____ ____(a..i.)

2 :'In. 10 dayps 3.11 0.280
10 min. 10 days 0.75 1 0*027 -

Z0 min. 10 days 0.46 t 0.03

The average deviation (e..d.) is used as a meas-ure,
of th"-e In~ternal consistencies of charts 1, 20, 9nd 3.

Th.'e mice disp'F.,ed practically the sarie synr-.oms in all
runs at all exposuree. These were, in order, aye irritation, excitement,
irritation of the upper respiratory passages, -asping, occasi.onal
convulsion~s, collapse, and in some cases death. With the mico e: posed
for 2 and 10 minutes the Sreat majority of the deaths occurred during
exrosurle. Only in three of the seventeen runs were there any
delayed deaths. iowevez with the mice exposed for 30 min. there wu3 a
considerabtle number of delayed deaths. Four of the five runs showing
doaths exhibited this phenomeno.n.

A. Concentration DatR.

The relation betwieen the nominal concentrations and the
analytical -oncentratiois is shownm in table 4. This is compiled in
crder v'increasing noL-iAnaL concentrations.

24-
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Table 4.

Concentration Comparisons.

Concentration : Anal.'
1Nominal t Analytica. , nom.
mg.,/l. a mg,'l ,

0.082 t 0.067 3 1.05
0,179 s 0.179 a 1.0
0.344 0.349 1 1.01
0,364 0335 1 0.92
00393 0.325 1 0,83
0434 t 0.397 1 0.56
0.496 0.40 X 0.32
0.506 0.447 a C.SO
0.556 0.481 s 0.37
0.585 a 0.500 t 0.86
0.671 t 0.645 : 0.96
0.674 : 0.575 : 0.85

0.73C 0.584 s 0.30
0.345 0,797 a 0.94
0.,74 0.820 : 0.94
1.366 1.295 a 0.95
1.523 1.430 0.94-
1.574 1.509 a 0.90
2.396 1.325 a 0.76
2.676 2.360 a 0.38
3.111 2.910 1 0.90
3.205 3.030 a 0.95
3.75 3.240 1 0.34
4.415 3.560 a 0.81

Aver:.'ke 0,897

B. Known Sources of Error in I.L.C.

Possible errors involved are tabulated bplwt

So-arce of error Possible error

1 C=.pound

Purity, 99.714 by Cl 00 9

2. Mice

!-day death rate: lot 6, 7.0 Indeterminable
lot 7, 2.2% "*

lot 8, 3.3,0
Exrosure time, 10 mrine + 0.033 min. 0.33
Variation in age, sex, nutritional history, etc. Indeterninable ..

5
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Source of error Possible error

3. Plot

.&oouraoys 1/20 in. 0.05 mg./1. in ohart 1 1.6
0.01 " 2 and 3 1.3"- 2 42

e at 1% deaths between 25 and 75% ca.1

-4A 4. Analytical concentration, C~ = rn/v

M = total milligrams found by titration.
ml. titrating solution near m.1.o. for,

2-mm.e exposure 22 ±0.05 ml, 0.13
IC-min. exposure 5 ±0.05 ml. 1.0
30-mm. exposure 8 ±0.05 mi. 0.063

v volume of sample.
near molmo. volume accuracy for,

2-min, exposure 10 t0.01 1. 0.1
10-mmn. exposure 10 ±0.01 1. 01

*30-min. exposure 25 t 0.01 1. 0.04

5. Nominal concentration, Cn
n4

R =weight-loss/time.
near m1cweight loss was for,

2-min, exposure 16 ±0.001 g. 0*0063
10-miin. exposure 5 ±0.001 6. 0.020
30-min. exposure 5 ±0.001 g. 0.020

time measured for,
2-min, exposure 20.5 ±0.033 min. 0.16
10-min. exposure 25 Z*0.033 min. 0.13
30-mmn. exposure 45 ±0.033 min. 0.07

=airflow through chamiber 4

Total possible known nominal and analytical errors*
including purity.

2-min, exposure 4."7
10-min. exposure 5'5
30-min, exposure 5.11

:,Obtained by adding pertinent data In items 1, 4, and 5.

The avorage of 24 runs show that Ca differs from C
by 10.3',, leaving an approximate unknown error of 55.

-2-
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Ce L~edian Lethal Concentration for )Xice.

Tlhe nominal conccntrations ws-re used to determine the
median lethal concentrations of cyanogen chloride.

Cysanogen chloride in the higher concentrations and shorter
exposures is of the "all or none' type. Those animals surviving the
exposure period in the 2- and 10-mins exposures had excellent chances
of revivine and were apparently unaffected within 24 hr. after Gassing.
The delayed deathi phonenon occurred only in the 30-mm.n exposures.
It was char cterlstic inr the lower concentrations, where deaths were
recorded for as many, as 4 days after gassing. This is typical of
lons exposures at low concentrations of many toxics.

The action of cyanogen chloride upon the mice was very
fast. Eye irritation usually was evident in between 30 to 60 seconds
while the first excitement lasted only about 2 to 5 a~in., ending im
complete collapse. In all runs, regardless of' concentration or
exposure time, the rice were in a state of complete collapse when.
withdrawn from the gassing charaber. H~owever, recovery was equally
quick. Those mice not dead on withdrawal, although in appearance without
14ife, within 2 min. were rnovin- aboi-.t end wrre apparent:.' c=p..netely recover-
ed W5.thin 20 minutes after gassing. Eve% those which subsequently'
died in tie 30-mno exposure runs presented this picture, leading to the
opinion that the delayed deaths were therefore due to secondary phienomena
suich as pneumonia., or infection due to lowered resistance.

A comparison of this work with that previously done is

shown in table 5.

Table 5.

Medinn Lethal Concentrations of' Cvnnogen Chloride for Yi'e;
Caprative N ta.

Expoaurc:NMew works 11revicuB investigations sRemarks
s Conon. s Conan. t Referenca

main. : mg.,(1. i mg./I, I
Z j 3.1ol

10 : 0.75 s O&G3 E T PR 222 1 From curve -interpolation.
t 0.59 : ETR 109 Suppl. i Calculated from EAk'1R 120.

3 0,46 s 0.5 t G1TZ 'Vol. LVI
3 0&38 1 M~ 222 From curvo interpolation.

27-.
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It is interesting to note that if the analytical

corentration o re used to plot the m.l.c., it is lowered by 10,t

This would make the m.l.c. for 10-min. exposures 0.675 mg./i. .%.1
and for 30-mino exposures 0.41 mg./l., thus corroborating the
previous work very closely. This is to be expected since only the
analytical concentrations were used in the older determinations,

As per project A 3.3-1, a comparison of the lethality

of phosgane, cyaunogen cnloride, and hydrocyanic acid is included

herewith, The median lethal concentrations to mice for 2-, 10-, and
30-nin. oxposure periods and 10-day observation poriods of the three

above-mentioned compounds are as follows:

cpound i n-.c, for i nel.3 for i m,*lc. f.or
z 2-zn,~n exp. s 10-min. exp. 30-win. exp.

SME./l. Lmg.7l Mg./.'
oee 2 .35 (1) 0.375 (2' 0.112 ')

'rano:en chloride : 3.2 ( ) : 0.75 (3) z 0.46 3)
'drocvyaic acid : 064 (4) 1 0.22- (5; s 0.185 (4)

- .A.T.F. 35, E.A.T.R. 119. This report.

(,,) E.,.:.h. 360. (5) 136.

"-

V. co:wCLU s: s.

1. The median lethal concentration of cyt.nogen chluride

for nize, for an exposure period of 2 m-in. and an observation period

of 10 days, is 3.1 /-g/l., with an average deviation (for 5 runs)

of 342 3 rS./l.

2, The =edi&n lethal concenitrmtion of cyarogen chloride
fcr mice, for an exo03ure neriod of 10 min. and an observation period 1 _

of IC da's, is 0.75 mg.,/1., with an average deviation (for 6 runs)

of -.027 rn./l.

3. The median lethal cc.centation of cyanonen chl~ride
for -ice, for an xp-s-re period of 30 min. and an observation period

of 10 d"s, is C.&16 n ith an average deviation (for 5 runs)
of 0.03C n..l

a- W -°
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REPLY TO

ATTENTION OF

RDCB-DPS-RS

DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND

EDGEWOOD CHEMICAL BIOLOGICAL CENTER

5183 BLACKHAWK ROAD

ABERDEEN PROVING GROUND, MD 21010-5424

/</
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'l?

ym 2 7 ffik

MEMORANDUM^RU Director, Edgewood Chemical Biological Center, (RDCB-D/Mr.
Joseph Wienand575183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-5424

FOR Defense Technical Information Center, 8725 John J. Kingman Road, Ft Belvoir, VA 22060

SUBJECT: Internal Request for Change in Distribution

1. This action is in response to an Edgewood Chemical Biological Center (ECBC) Internal
Request for a Change in Distribution on documents related to cyanogen chloride.

2. The listed documents in the attachment have been reviewed by ECBC Subject Matter Experts
and deemed suitable for the change in distribution to read "Approved for Public Release;
distribution unlimited."

3. The point of contact is Adana L. Eilo, ECBC Security Specialist, (410) 436-2063,
adanaJ.eilo.civ@mail.mil.

Encl

©Printed on

l. SPAUJLDING
Security Manager
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