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INVESTIGATIONS ON MCE AND MFI

ABSTRACT

I OBJECT

The object of the work described in this report was
to investigate methods for the detection and identification
of MCE and MFI, and to determine the reslstance of various
gas mask cenlsters to MCE.

1L RESULTS

Pure MCE was obtained from the fractionation and
refractlionation of the £illing from 105 mm. German Grinrung
TIT shells. The f£illing conslsted of 20% monochlorobenzene
and 80% MCE. The vapor pressure of MCE was determined at
20, 30, and 410°C. on a sample of the refractionated material.
Derivatives were prepared from the agent and 1ts reactivity
to various detectors determined. Canister penetration tests
were run with the agent both as & vapor and as &an aerosol.

A derivative of MFI was prepared from & sample of
the agent, synthesized by the NDRC. The reactivity of
various detectors to MFI was determined.

I1I. CONCLUSIONS
It- 38 concluded that:

_ A. Dimethylammonium styphnate 1s a satisfactory
derivative for the alkylamino group and ethyl brucinium
acid phosphate for the ethyl orthophosphoric-acld formed
on hydrolysis of MCE.

B. MCE may be detected as a molecule by the Mustards
Detector of the Kit, Chemical Agent Detector, M9, if the
detector is heated to 160°C. for one minute.

'C. The hydrolysls products of MCE may be detected by
AC detectors and by the Nitrogen Mustards Detector of the
Kit, Chemical Agent Detector, MO.
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‘B, -Lead isopropyl methylphesphenate 1s a satisfastery
derivative for MFI. _ ;

P, The most sensitive detéetsr for MFI'is the Mustards
Detestor of the Kit, Chemilsdl Agent Detéster, M9, it it is
heated to 160°C. fer one minute. MFI is alse deteseted by
the Mustaprds Déteotor using the present shemieal heater,
but with less gensitivity. - :

IV, RECOMMENDATIONS

- Tt 18 recommended that the Mustards Deteetor ol the
Eit, Chemiéal Agent Dstestor, M9, bé msdified to improve
its sénsitivity to MOE and MFI, This may be adeemplished
by developing & satisfaectery néthod for hedating the tube
to at least 160°C. fer one minute in the field.
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INVESTIGATIONS ON MCE AND MFI

I. INTRODUCTION
A. Ob le@t

The objeet of Project AlO.5 was to develep and
improve methods for the analysis and identifisation of
cshemieal warfare agents.

. The objeot of Projest Al,13 is to investigate
methods for the produstion, dissemination, analysis, and
identifieation of MCE and related eompounds.

The objeet of the work deseribed in this repert
was to invemtigsate methods fer the deteetion and identifi-
eation of MCE and MFI and to determine the resistanece of
various gas mask eanlsters to MCE.

Be Authority

This work was lnitiated under Projeet AlO.5 as -
directed in letter SPCVR 470.6MIT(S)(1 May 1945) 0-C, CW3,
1 Moy 1945, Subjeet: "Detection of Unidentified Agent in -
Captured Enemy Shell Al10.5" te this laboratory. The work
was continued under Projeet Al.13 upon initlatlon of that
pro ject by the Preojset Preogram fer the Fiscal Year 1946.

IT. HISTORiCAL AND THEORETICAL

Ethyl diethylamine cyanophosphate, an analegues of
MCE, was first prepared by Michaelis (ls in 1902. His
report makes ne comment on thé toxie properties of the
compound., Other similar compounds, dimethyl fluorophesphate
(PF=%)and diethyl fluerophesphate (PP-2) were prepared by
Lange and Krueger (2) in 1932,

The U.S. and British Chemical Warfare Serviees and
the N.D.R.C. have prepared and investigated approximately
ene hundred and fifty analegous sempounds during this
war,tbut none was feund superier te the present standard
agents.

CONFIDENTIAL
b o
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MCE, ethyl dimethylamine cyanephosphate, was first
prepared in 1837 by a German chemist, Dr. Gerhard Schrader
(3, 4, 5), who turned his findings over to the German War
Minishry. After an extensive investigation, the War
Minlstry declided té manufaeture the compound on a large
seals., A plant eapable of produecing 500 tons of the agent
per month was sonstrueted at Dyhernrurth end 12,000 tons
of the agent were prodused.

MFI, 1sopropyl methylfluorophosphonate, and a
related compound, ethyl methylfluorophesphonate, were
. prepared by Dr. Sghrader in 1938. Infermation en these
compounds was &lso turrnéd over te the German War Ministry,
which Investligated them. MFI was féund te bé the mest
toxie of the series of related sompounds. One thousand
pounds of 1t are reported to have been prodused after
serious corrosien diffieulties were overcome.

.. MCE has been found loaded in German 105 mm. shell
(Grunrung ITI( and in 250 kg. bombs (8, 7). No instanses
of any munitiens centaining MFI have been reported.

. This labérdatery was requested te investigate metheds
for the detectien and identification of MCE and to
determine the resistance of standard U.S. and fereign
canisters te the agent dispersed as an aerosol. The
investigation of metheds for the detection and identifi-
cation of MFI was also requested.

IIT. EXPERIMENTAL

A, Materials and Egquipment

The MCE used in this investigation was cbtained
by the fractionation of the filling from a2 German 105 mm.
shell (Grinrung IIT). The MFT was obtailned from Dr. R.
C. Fuson, Unlversity of Illinois. Readily available
laboratory chemicals and equipment were used in this
investigation.
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B. Precsdurse and Results

l. MCE

a. Purification

- Ths material studied waa obtained by
tapping two 105 mm. German shells recelved at this Lab-
oratory on 15 May 1945, ZEach shell centained abou® 1200
ml. ef & dark brown, low viscosity liquid. Vacuum
fractieonatidnatien of the liguid from the German shells
through a 1.4 om. x 60 om. glass Helix-packed coelumn
yielded menechlorobenzene, MCE and a dark brown residue.
The ratie of MCE to monochlorebenzene was approximately
5:1., Data on the fractionation and two refractlenations
of the material are given in Tables I and IIX.

_ Analyses were carried out en the crude
shell filling for oyanide, tetal nitrogen, phospherus
and chlerine centent, and on purified MCE for cyanlde,
total nitregen, and phesphorus. These data are gilven
in Table III, '

be Vapor Pressure

Vapor pressure measurements were made en
a sample of re-fractionated MCE by & medificatien of the
dynemic methed of Baxter, Bezzenberger, and Wilsen (8).
Nitregen, dried over anhydrous calcium sulfate, was '
metered by a Rotameter at a rate of 500 ml./min., through
two weighted Geissler tube saturators in series, main-
teined at constant temperature in a water bath. The loss-
in-welght data from the saturators containing the MCE
were converted to vapor pressure. at the three temperatures
measured with the follewing results:

Temperature (°C.) Vaper Pressure (mm. Hg)
20 0,038
30 0,087
40 . 0.210

These values were calculated using 162 as the molecular
welght ef MCE.

RERERER
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TABLE I

FRACTIONATION OF MATERIAL FROM GERMAN SHELL

lst Fractien

2nd Fractigg

Distillation temperature  43°C/8-9mm. .

Jacket temperature - 7590
Pot bath temperature 20°C .
Charge 658 g.
Recovered 128 g.
Residue g 0
Recovery : 19.4%
Loss
TR
4

90=-93°C /6mm .
110-125°¢C
140-160°C

305 g
214 g.(34,.3%)
45.3%
0.15%
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TABLE II

RE-FRACTIONATION OF MCE FHOM GERMAN SHELL

1lst Re-Fractilonatien 2nd Re-Fractionatien

Distillation temperature 76=-78°C/2mm, 78-80°C/2 ~ 3mm.
Jacket temperature 110-115°C 115°C
Pot bath temperature 120-130°C 120-125°C"
Charge 54 g. water-white 36.8 g (bp.'76-’78°C/
agent 2mm., - distillate
' frem lst Re-Fractien-
. : - ation)’
Recoverad 48 go water-white 33,0 g« water-white
distillate distillate
Residue#s 4,5 go < . o8 g
Recovery . : 88,8 . 89,7
Residue (%) B . 8.3% 7.6%
Loss and hold-up - 2.9% 2.7%
Time required (bours) 2 2 1/2
«nD5 before Re-Fractionation 1.4226 1.4224
D5 tumedintely after Ha~ 1.4224 1.4226
rractionation

25 64 hours after Re-frac- 1.4224
tienation

- # Same operator and same Instrument used in all measurements.

## Residue was net-a tar but was materisl which remasined in
flask after the Re-~Fractionation. It was slightly dis-
colored where the glaess weol was in centact with the walls
of the pot.
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ce Derivatives

{1) Dimethylammoniium Auricnleride

Four-tenths of a milliliter of pure WMCE
was added with stirring to a solution of 1.0 g. of chlere-
auric acld in 2 nl. of distilled water. The mixture was
- atirred until all agent had dissolved and then allewed te
stand and orystallize, The crystals were collected on a
filter and then dryed at 65°C. The crudé produoct melted
+ 192-196°(corr,.) (literature m.p. 195-8°), ,

' The crude dimethylammenium eurichleride’
was reorystalllzed by solutien in abselute ethanel fellewed
by precipitation with anhydreus ether, No improvement in
melting peint was obtained. Recrystallizatioen by selutien
in acetene and precipitation with isepryopyl ether er
selution in isoprepanel and precipitaticon with isoprepyl
ether alse falled to improve the melting point., :

_ The date in Table IV were collected
to prove that the alkylamine greup in the German MCE is
dimethylamine. Authentic samples of dimethylammoniim
aurichloride and disthylammeniwm aurichleride were prep-
ared from dimethylamine hydrechloride and diethylamine
hydrechleride, .

(2) Dimethylammenium Styphnate

o Seven-tenths of a milliliter of pure
MCE was added to a selution ef 1.0 ge ©f styphnic acid
(2,4,6-trinitroresorcinel) in 10 ml. hot ethanol. The
compound- geparated as leng Yellow prisms on cooling.,
After recrystallisation from aethanel, the compound
melted 209.5-210,5°(corr,)(1iterature me.p. 208°(9)),

' No depression in melting point was
obtained with a sample of derivative prepared from ‘
dimethylamine hydrochleride. Diethylammonium styphenata‘
prepared from disthylamine hydrechloride, melted 136~-137
(corr.) after recrystallizetien from & mixture of bengene
and ethanel,

7
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TABLE IV
MELTING POINTS OF AURICHLORIDES

5 Melting Peoinkt
Materiai {(°C. Corr.)

diethylammenium eurichleride 178=-180
surischleride frem MCE . : : 192-196
dimethylammenium aurichleride 192-196
mixed m.p. of dimethylammonium - 191-193

surichleride with aurichleride -

from MOE ' : -
mixed m.p. of diethylammenium e belew 150

aurichleride with aurichleride

from MCE =~

ﬂ!ﬂgil‘g
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Miocroanalysis of a sample of the
derivative prepared from MCE gave the following results.

Calo'd. for GBH1008N4 Found
% 33,1 35,6;35.7,3401
pAS 5.45 Be46,5.52,3.56
N 19,3 . 19.22,19.24

(3) 'Ethyl Dibrucinium Phosphate

This derivative was prepared from MCE
by several procedures, the most satisfactery of which was
the following: Four-téenths of a milliliter of MCE wds added
to & hot solution of 1.0 g. of brucine in 15 ml., of acetone.
Two milliliters of dlstilled water containing five drops
of concéntrated hydrechleric acld were then added te the
mixture. On standing and ceeling, the derivative separated
from solution as léng colorless needles. It was collected
on & Tilter and washed with acetone. After twe recrystal-
lizations from a 5:1 benzens-ethanol mixture, the derivative
melted 90-93°(corr.), When mixed with samples of the
derivative prepared from ethyl orthephesphoric acid gnd
from ethyl ammonium phosphate, no depresslen in melting
point was observed. .

i , The following results were obtainad
on analysls of the derivative:

.

P

. Caletd,. for - Calctd, for
048H59012N4.P 048H5 9‘012H4P.5 H20 . Found .
o 629 - 59 .4 60.1 60.4,57, 16 57.59
%H 6.45 6472 6.79.7.10°
N 6.12 5.78 . 5.80,5.79,5.58,5.57
%P - 3.39 '3.20 Be3,3.31

(4) Ethyl Brucinium Acid fhosphate

This derivative was prepared by recryst-
allizing a pure sampls of ethyl dibrucinium phosphate frem
isopropanol. 1t was purified by further recrystallizatien’
frem isoprepanol to give colorless crystals, m.p.205~205°0.

CosnmEE
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This melting point is obtalned if the sample 1s inserted

in the melting point bath at 100°C., or lower and heated to
the melting point from that temperature. If the sample is
inserted above 125°C., 1t melts immediately. This behavier-
may be due to loss of isopropanel of crystallization during
the slow heating. Micrsanalysis of the derivative gave the
following results: ,

Caletd, Fox Calc'd For ‘ Found
%c 025H5308N2P ) CstasOaNzP .051{7011 e e
57.7 . BY7.8 . © 5666;5665
%H 6.54 7407 ' 6.98,7.15 -
&N 5.38 4.83 4.83 (4.67,4.73)

de. Detection

Various standard U.S., British, and German
agent detectors were tested against the filling frem the
German shell and agalinst the purifled agent. Paper, Liquid
Vesicant Detector, M6, AC~CK Detecter Tube, MIT=-E26R14,
the Navy AC Detector, and the Nitrogen Mustard Betector of
Kit, Chemioal Agent Dstector, M9 gave tests with either the
shell illing or the purified agent. In addition, a positive
test is obtalned with the German Black Band Tube which would
erdingrily be used for the detsction of AC. The experimental
data are presented in Table V., .

Sengitivities te MCE eof the AC-CK Detector
Tube (MIT-E26R14), the Navy AC Detector Tube, the German
AC Detector Tube, the Nitrogen Mustards Detector tube as
well as the Mustards Detector from the Kit, Chemical Agent
Detector, M9,the last heated to 160°C. for one minute were
determined at 10, 50 and 85% relative humidity in alr and
at zere and 50% relative humidity in nitrogen using the
standard sensitlvity apparatus (10). In estimating the
concentrations, the velatility of MCE was taken as 0.28
mg/1/ at 25°C. The data are given in Table VI. The
results of these experiments indicate that the MCE is
hydrolyzed in moist air to produce AC and an alkalline
materlal, probably dimethylamine. The experiment alse .
indicates that the AC detectors are not detecting the
agent 1tself, but hydrolysis products. The Mustards

"
10
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Detector from the EKit, Chemical Agent Detector, M9 heated
to 160°C. for one minute appears to be the only detector
glving a test for the agent as a molecule. The data
indicaete piperidine to be a more sensitive developing

agent than 10% agueous sedlum hydrexide for the tube heated
to this temperaturse.

6o Canisgter Penetration Tests

{1) MCE Vapor Penetration

" Canister penetration tests were run
at anproxtmately 0e5 mg./1. MCE concentration at 32 l./min.
conatant flow rate. This agent concéntration was genserated
by passing the entire alirstream through a 6~inch column of
the MGE. The standard AC indicater used Iin canlstér teést-
ing {(See Table VII) was used half strength at 1 l./min,
flow rate. The data from these tests are given in Tables
Vi and VIII, - ’

(2) MOE Aeresol Penetration

An aerosol of MCE was generated by
- pa8sing the agent threugh am aspirater, C.W.S. Drawing
Ne. E21-47-23, inte an air stream. The aeresel was then.
passed inte the canister at a rate of ,32 1./min. and the
perietration measured by means of an Optical Smoke Meter
MIT=-El1R3. The canisters were measured for Methylene
Blue 3moké penstration befeore and after expesure to the
MCE smeke. The cencentration of agent was approximately
100 micrograms /1. as determined by measuring the welght
inorease ef a Geoch crucible after having passed a known
velume of the air mixture through it. The particle size
of appreximately one te two microns was measured oen a
clean glass slide by means of an ocular micrometer on a
mloroscepe. The data collected during these tests are
glven in Tables IX = XIX.

2 MFI
2. Derivative

Lead isopropyl methylphesphenate was
prepared by adding 1 ml. of MFI (with stirring) te a het

_ ’
' 1L
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TABLE V

REACTIVITY OF VARIOUS DETECTORS TO PURIFTED MCE

Ue S Deteétora

Paper, Liquid Vesicant
Detector, M6,

Crayon, Veslocant Detec-
tor, M7.

M9 Kit detecter tubes,

Mustards Detector of M9 ;-

kit heamted te 160°C for
one minute.

.Ag=CK Detecter Tubs,

E26R14.

Metanil Yellew/HgCl
type AC detector tube.

Navy AC Dejecter Tube.

12

Positive test with liquid,
elive green te red,

No change.

No change except fellowing _
hydrelysis of the agent under -
neutral or alkaline conditiens,
er in humid air, whereupon a
positive test was obtained
wlth the Hitrogen Mustards
Detector.

Positlive test with vapor.

Positive test (light blue te
pink) over pure agent eor
following hydrolysis, particu~
larly after acid (3N Ho80,)
hydrolysis; after alkaline
hydrolysis (1% NaOH) the inten~-
sity of color change was re-
duced.

Pogltive test, orange to
purple; effect of alkaline
hydrolysis not as marked as
above.

Positive test, light blue te
dark blue; effect of alkaline
hydrolysis net as marked as
on AC=CK Detector.
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TABLE V (centinued)

2. British Detecter Papers

"Spotted Diek™ type. B
"Igdoplatiinate™ (AIP) type.

3. German Detector Tubes.

No Change.

Ne Change.,

Celer Change Produced

Tube Marking Type
1l yelleow band H and
arsine
2 yeiléw Bands HN
-1 green band ca
2 green bands PS, CK

and oximes

1 blask band. AC

13

by Above Agent

Nones

Nons
Nons

None

Light grey to green-blue.
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TABLE VIT

GAS PENETRATION TESTS OF M1l and M10Al CANISTERS WITH MCE

Gancentration+

Flow rate
Relative humidity

Cendition of
_cenisters

Indicater

approximately 0.5 mg./l. generated by
passing 32 l./min. of air through a sixe
ineh column of MCE at reom temperaturse

32 1,/min.
50 percent

Dry (as received)

Half strength AC indicater, (TDMR 753,
"The Teshnic and Chemisgtry of Canilster
Testing®) used at 1 l./min. flew rate.
This indicater is gensitive te the order
of magnitude of 5% of the coempound,

Crude MCE aha&ﬁﬁﬁliling

Pure MCE Trastlen s

Canister 1life in minutes

M=-23 Canistexr NM10Al Canister
b)) HIGH

+ -‘Conoentnnttgh estimated by measuring weight less of &
Geisalsr tube maturator containing pure MCE through which
measured quantities of dry Nitrogen were passed at rocom
temperaturs. ' :
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TABLE VIII
MCE GAS PENETRATION OF JAPANESE SERVICE CANISTERS

Approximately 0.5 mg./1
32 1l./min.

MCE Concentration
Flow Rate .

b

{

Relatlive Humidlty 80 percent

Navy AC detsctor tube
Five (6) white mice. +

Penetration indicators

Japanese Canister Canigtar'Lifg in Minutes
b)) HIGH

Navy Model 93-2
Army Model 85

Army Model 99 (1940)
Army Model 99 (1943)
Army Model 99 (1944)

. Micé'ﬁlaoed ih atmosphere of the canister effluents
for the duration of eech test suffered no observable

111 effects.

++ At the end of 30 minutes there was an amine-like odor
in the canister effluent, and the Nitrogen Mustards
Detector tube .(acid~base indicator) of the M9 Kit gave
a posltive test for a basi® materiasl, _
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TABLE XX

MCE PENETRATION OF FILTERS MEASURED WITE OPTICAL SMOKE METER
HIT-EIRD

Approximately l-2 microns

Particles Size

~ Concentration = Approximately 100 micrograms/liter
Flow Rate = 32 1/min,
Relative Humidity - About 50%
Time
(mine)

Pergent Penetratien

Smoke from Purified MCE Smoke from Crude MCE
- : enadian = ar
Carbon Mark X Carbon
Papey ) Paper

(b)(2) HIGH




M.Ich“MoRu NQ. 165
Projects: A410.5 and

4Al,13
' : . TABLE X
METHYLENE BLUE PENETRATION DATA BEFORE AND 20 HOURS

R URE OF CAN TO M

Percent Methylene Blue Smoke Penetration

Time of

Methylene Canlsters Tested with Canisters Tested with

Blue Pure MCE ‘ ' Crude MCE ;

Smoke Test - M~II MIOALl Canadlan N-11 NIODAL Canadian
Carbon Mark I . . Capbbon Mark T

Paper Paper

As Rec'd. 0,005 0,025 0,085 0,005 0,025  0.0075

20 hrs.  0.005 0,011 5,70 0,005 0,09 3.30
after MCE - '
Test

18
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TABLE XTI

MCE PENETRATION OF JlPANESEiFILTERS MEASURED WITH OPTICAL

- _ Particle Slze = Approximately 1 micron
Concentratiadn - Approximately 130 micrograms/iiter
' Flow Rate = 32 1e/mi

Smoke Generated from crude MCE 8hell £illing.

Time' rercent Penstration
(min) ()@ HIGH

0 =3 ORI

A8
16+

+ For the'duratlon of each test, the canister effluent
was passed through a bottle ocontaining a white mouss.
Thers was no noticeable effect on the mousge in any

cagé.
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TABLE XIX
METHYLENE BLUE . PENETRATION DATA BEFORE AND 20
- A POS] 0 3B CANIST
TO MCE SMOKE UNDER CONDITIONS STATED
TN TABLE TY
. Time of ' Percent Methylene'Blﬁe Smoke Penetration
Methylene Blue Navy Army Army .Model S
Smoke Test Model Model ( ) (1944
' 93-2 = 95 " o .
As Received 0,025 0.08  0.45 0,11 0,075 -
.20 hrs. after 0,02 0,08  0.40  0.11 0.08
test MCE -
STESaTn
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suspension of 1.85 g of lead oxids in 10 ml. of distilled
water. After cooling, the lead fluoride and the excess
of lead oxide were removed by filltration. The derlvative
was 1solated by concentrating the filtrate to 1 - 2 ml.

It was then collected on a filter and dried. After twe
recrystallizations frem benzene containing a few drops

of ethanol, the derivative melted 136,5-137.5°(corr.).

Microanalysis of 'a sample of the der-
ivative gave the following results:

Calect'd. for 08326‘06?2 Pb Found
% " 200 20.00,20.38
y A 4,17 4,11;4,11 o
~ %Pb | 43,0 42¢8,41,5,41,7,42.1

b Detection

. Various standard U.S., British, and
German vapor detectors were tested ageinst the vapers
over a bottle of MFI in an effort btb find a detecter
for the agent. ~The detectors investigated are llsted’
in Table XIII. - The Musterds Detector Tube in the U.S.
Kit, Chemical Agent Detector, M9, was the only standard
detector which gave a posltive test with MFI. The Drake
fluorine detector (1l) also showed a positive test with
the agent. ' '

Sensitiveness to MFI of the Drake
Fluorine detector, the Mustards Detector from Kit,
Chemical Agent Detector, M9 heated in the normal manner
and the Mustards Detector heated to 160°C. for ome
minute, were determined at 10, 50, and 85% relative
humidity in air and at zero and 50% relestive humidity
th nitrogen using the standard sensitivity apparatus
(10)s The volatility of MFI was taken as 14.64 mg./1.
at 25°C.(12). The Mustards Detector heated to 160°C.
was found most sensltive. Data are shown in Table XIV.
The same values were observed in dry and in wet nitrogen,
shogin% that the agent is not being detected as a hydrolysis
pProaucv. '
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11.
12.
13.
14,
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16.

TABLE XTI
DETECTORS TESTED AGAINST MFI#

M9 Mustards Detector

M9 Nitrogen Mustards Detector
M9 Arsenicals Datecter‘

M@ Phosgene Detector

860, Arsenlcals Deteoﬁor :
PACl, Arsenicals Detector
AC~CK Detector

DNDB=~3 Mustards Detector

_ HAuCEuMusﬁa:ds Detector

British S.D. Paper

British A}f.I. Paper

German Mustard Deteétor

German Nitrogen Mustard Detector
German Phesgene Detector

German Chleropicrin Detector

German AC Detector :
*Note positive test was obtalned with Mustards Detector,

; m:',-;amhainihgahﬂgﬁata Detepté®, MO.

fmhs German Nitrogen Mustards Detectoer turned from
yellew to orange. A red color denotes Nitrogen

Mustards.

. -
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Since the date in Table XIV showed thse
Mustards Detector to be more sensitive to MFI when heated
to 160°C., as did the data in Table VI with MCE, work was
initlated toward finding a simple method for obtaining
such a temperature inthe tube in the field. By modify-
ing the present aluminum foilil heater of the Mustards
Detector’ to include a layer of aluminum foil beneath the
webril as well as above it and using a 50% aqueous sodium
hydroxide solution instead of saturated cupric chloride
for heat development, it has been found possible to
produce temperatures of 150-160°C. in the tubes. Temp-
eratures of 170-200°C, were obtained with a mixture of
nitrocellylese and hexamethylenetetramine applied to the-
bube and ignited by a safety match head imbedded thereln.
This work was discontinued before completion due to the
ending of development at this Laboratory.

IV, DISCUSSION

Material from two 105 mm. Germen shells (Grine-
rung III), on vacuum fractlonation yielded monochlore-
benzérne, MCE, and a tarry residue, probably the decomposed
agent. No attempt was made to obtain further products
than the chlorobenzene and MCE from the shell filling.
Analyses of the shell filling (see Table III) show it
to be composed of 20% monochlorobenzene and 80% MCE.

The vapor pressure of MCE was determined on a
sample of the German material after re-fracticnation.
A limitation must be placed on the accuracy of these
measurements. ~Although efforts were made to exclude
water vapor from the system, it is possible that enough
vrenetrated the apparatus to hydrolize the quantity of
agent that was velatilized by the nitrogen. If this
hydrolysis had taken place with subsequent volatilization
of additional quantities of the agent, the results could
be high, One measurement which was made in an air bath,
with little chance of water contamination, fell approx=
imately on the curve for the points determined in a
water bath. It i1s believed, therefore, that the results
are sufficlently accurate for 'all practical purposes.
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Because of the probable difficulty of preparing
a derlvative of the entire molecule, an effort has been .
made to prepare derivatives of the hydrolysis products,.
Dimethylammonium curichloride and dimethylamino styphnate
were prepared as derivatives of the dimethylamino group.,
Both.are easlly prepared from the agent in good yleld,
Dimethylemmonium styohnate is considered the better
derivative as 1t is more easily purified and not hygro-
scopic. The plcrate was not oonsidered as a possible
derivaetive becauss the melting points of diméthylammonium
plerate and diethylammonium picrate are ir too close a
proximlity to each other and thtis MCE would be difficult
to distinguish from the corresponding ethyl diethyl-
emine cyanophosphate. :

. The brucine salts, ethyl dibrucinium vhosphate
and dthyl brucinium acid vhosphate, were preparsd as
derivatives of the $thyl orthophosphoric acid formed by
hydrolysis of MCE., Both derivatives are easily formed,
The ethyl brucinium acid phosphate appears to be some=

- what more easily purified to give a satisfactory melting

point,

_ MCE was found to gilve positive tests fninin
containing as little as 107 kelaetive Humidity with the
MIT-E26R14 AC Detector, the Navy AC Betector, the German
AC Detector, the Nitrogen Mustaerds Detector, and the

A"Mustards Datector from the Kit, Chemical Agent Detector,

M9, the last when heated to 160°C for one minute. In

. dry nitrogen, only. the Mustards Detector gave a test,

iy

Sensitivity values for these detectors were determined
énd are incladed in Tablé VI. These data indicate that
In the case of. the AC detectors and the Nitrogen Mustards
Detector, the agent is being detected only in the form
of 1ts hydrolysis products. .

4 MCE was tested as both vapor and aserosol against
the M-11, M1QAl, Canadian Mark I, Japaneme Navy Model
95-2, and the Japanese Army Model 95 and 99 (1940, 1943
and 1944) canisters. The data in Tables VII and VIII.
show that the M-11, M10Al, Japanese Navy Model 93-2,
and the several Japanese Army Model 99 canisters all
have adequate protection for 50 minutes. As an additionall

b
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(0)(2) HIGH

© MPI was treated with lead moncxide in the same
mifier as 1M the preparation of derivatives of PF=1, PF=3,;
diethyl flyorophosphgte, and dicyclohexyl fluorephosphats,
. to give lead 1lsovropyl ‘methylphosphanate as a derivative,
The compound ls easily-prepared and purlfied and has a
" sharp melting polnd 1n-¥he desired temperature range.

Of the agent vapor detectors tested against MFI,
the Mustards Detectoi’ from Kit, Chemical Agent Detector,
Mg and the Drake fluorine detector (1ll) were the o6nly
ones found to glve a positive test with the agent. The
sensitlvity datea presented in Table XIV shcw the Musbtards
Detector from Kit, Chemical Agent Detector, M8, to be
the most sensitlive dstector for the agent if heated to
160°C, for one minute. The Drake fluorine detector 1s

, not belleved suffilciently sensitive to the agent to
warrant the use of an apparatus so heavy, bulky, and
difficult to handle. ’

A Both MCE and MFI are satlsfaotorily detected by
the Mustards Detector of Kit, Chemical Agent Detector,

M9, 1f the tube 1s heated to 160°C. for one minute instead
of wlth the present chemical heatér. Therefore, a field
.method for obtaining such a temmeérature in the tube is -
believed desirable. Work was initiated toward that end,
but no completely satisfactory method was developed before
work was stovoped.
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Vo CONCLUSIONS
I+t 48 concluded that:

A, Dimethylemmonium styphnate is a satisfactory
derivative for the alkylamino group and ethyl brucinium -
sold phosphate for the ephyl orthophosphoric acid formed
on hydrolysis of MCE. . :

, B. MCE may be-detected as a molecule by the Mustards
Detector of the Kit, Chemical Agent Detector, M9, 1f 1%
is heated to 160°C. for one wminute.

C.,. The hydrolysis products of MCE may be detected
by AC detectors and by the Nitrogen Mustards Detector
of the XKit, Chemical Agent Detesctor, M9. - -

D, b)) HIGH

E. Lead isopropyl methylphosphonate 1s a satisfactory
derivative for MFI.

Fo The most sensitive detector for MFI is the
Mustards Detector of the Kit, Chemical Agent Detecter,
M9, if it is heated to 160°C. for one minute. MFI 1s
also detected by the Mustards Detector using the present
chemical heater, but with less sensitivity.

VI. RECOMMENDATIONS

© It is recommended that the Mustards Detector.of the
Kit, Chemical Agent Detector, M9, be modified to improve
its sensitivity to MCE and MFI. This may be accomplished
by -developing a satisfactory method for heating the tube
to at least 160°C, for one minute in the fileld.

CONFIDENTIAL
TR

27




MQI.T.—MOR. NO. 165
Projects: A10.,5 and
Al.13

ITNVESTIGATIONS OX MCE AND MFI

Experimental Work:

15 May 1045
30 August 1945

Started:
Completed:

56121-56130
53091-53095
13920~13930
55041-55061
55071-55089 :

Notebook Pages:

Man Hours: 1400

Comments :
Experimental Work by:

Majo Co B Braun
Capt. R. D. Coombs, III
Capt. H. S. Seelig
Lte Fo ¥Fo Foster

It. C. W. Sausr#

Lte Wo Co Cunningham
Lt. R. C. Gunther
ILt. E. C. Fearns

Mr. I. M. Dubin

Mr. J. D. Lemley

Mr. P. A. Ramsay

Mr. R. I. Bragdon

# Prepared Report
20 Coples Made:

Coples 2 and 7 - 0«8, CWS, Wash. D.C:
Copies 3;4,5,- Tech. Library,0-C,CWS,EA
Copies 8,9 .- Dr. Maass, Canada ~

Copy 6 - Naval Research Lah,

Coples 12 through 19 - Mr. R. Kingan,MIT
Coples 1,10,11,20 - CWS Dev. Laby, M.I.T.

Typed: 27 Sepbember 1945
EFD

28

‘Submitted:

A AN Lomdr =

RHobert D. Coombs I1T
Capte., C.W.S.
Author

ARy e
Charles W./Sauer
18t Lto, CQWtS.
Author

Edited:

([ kg

oy P itney 67

Edit
APPROVAL RECOMMENDED :

Ch;arle s E. Braun
Chief, Chem. Dev.

Aporoved: -
et

ar . Sihg
Lt. Col,, cégﬁs%b

Commanding ficer

Dive




MeI.T.-M.R. No. 183

Projects: A1l0.5 and

Lo
2,
‘3.

4,

5.

6o

Te

9

10.

11.
12,

Al.13

LITERATURE CITATIONS

Michaelis, Ann. 326, 182 (1903)
Lenge and Kreuger, Ber. 65, 1598 (1932)

C.W.S. E.T.0s Intelligence Division Report NO. 3709 =
28 April 1945 :

CoWeSe EeTaOo Intelligehée Division Report NO., 3758 .=
12 May 1945 .

C:WeSe E.T.0, Intelligence Division Report NO. 3874 -
5 June 1945 '

40th Chemical Laboratory Company Monthly Intelligence
Report - 1 May 1945

44th Chemical Laboratory Compeny Teohnical Report NO.
60 = 27 April 1945

Baxter, Bezzenbarger, and Wilson, J. Chem. So0.
XLII, 1386 (1920)

Jerusalem, J. Chem. Soc. 2§,-1285
Iivingston, Memorandum: The Design and Use of

Apparatus for the Quantitative Dilution of Toxie
Vapors, University of Chicago, 9 July 1943

0.5.R.D. Report No. 4843 ~ 19 April 1945

N.D.R.Cs Division 9, Informal Progress Report on
OEMsr 300 = 10 July 1945

% i acsom b
PR

Y ik ouam

- A LA DA 8O




