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{U) FOREWORD

The object of the work described in this report was to determine
certain physical constants of V agents. The work was done daring the
period of 5 May 1954 to 30 September 1956 and was conducted under
Subproject 4-08-03-016-10, Agent Physicochemical Research (U) (formerly
subprojects 4-08-03-016-01, 4-08-03-016-02, 4-08-02-016-04, and
4-08-03-016-11. Experimentaldata ure contained innotebooks 4278, 4293, 4483,
4612, 4616, 4668, 4671, and 4708, Tkigz raport was submitted for publication

in May 1959,
Notices

This document contains information affecting the national
defensge of the United States within the meanmg of the Espionage Law
Title 18, U.5.C., sections 793 and 794, The transmission or the
revelation of its contents in any manner to an unauthorized person is
piohibited by law,

Reproduction of this document in whole or part is prohibited
except with permission of the issuing office; however, ASTIA is authcrized
to reproduce the document for U. S. Governmental purposes.

Disnosition

When this document has served its purpose, DO NOT return
to U. S. Army Chemical Warfare Laboratories. DESTROY in accordance
with paragraph 28 of AR 330-5,

Additional Copies

Request for additional copies should he made tc Armed
Services Technical Information Agency, Arlington Hall Station, Arlington
12, Va., ATTN: TIPDR.
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{C) DIGEST
(U) Physical constants have been determined on several samples

of V agents synthesized in these Laboratories.

,
(C) A The values of physical constants for VE, VG, VS, VX, EA 1728,
and EA 1763 which were found are probably the same as the values which will
be obtained with 100% pure samples of these compounds, Repeated syntheses
and varied purifications have produced V agents of higher purities., The
values shown for VP, EA 1521, EA 1576, EA 1622, VM, EA 1694, and
EA 1699 are probably somewhat different from those which will be obtained

with 100% pure samples,

\
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PHYSICAL CONSTANTS OF THIRTEEN V AGENTS (Y)

I. (S) INTRODUCTION.

(C) Continuing research is conducted to find chemical warfare
agents more effective than the present standard agents, Among the
improvements sought are (a) increased toxicity or vesicancy, (b) greater
stability, (c) easier penetraiion of protective devices, (d) increased
difficulty of detection and decontamination, and 1e) greater efficiency in

‘dissemination, Research in these L.aboratories and in industrial,

academic, and foreign laboratories has developed compounds with greater
percutaneous toxicity than GB. Among such compounds are those
descrihed in this report.

(S) The final steps of the various methods used in the preparation
of V agents of the general type I,.

R ,0
>FC
R'0” “SCH,CH,NRj
(1)

where R, R', and R'" are the same or different alkyl groups, have been
reported prevfiouslyl and are illustrated by the following reactions:

RP(O)(OR')C1 + NaSCH,CH,NRY -1
[RP(O)(OR')S] Na + C1CH,CH,NRY— I
RP(OR')OCH,CH,;NRY + S—> RP(OR')(S)OCH,CH,NRY-&]

RP(S)(OR')C1 + HOCHzCHZ NR — RP(OR')(S)OCHZCHZNRE_Q)I

{C) . Compounds VP (EA 15i1) and EA 1576, while V agents, do not
have the characteristic structure of type I and are not prepared by the
above syntheses,

SECRET
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II. (C} EXPERIMENTAL,

A, (U) Materiais,

The samples of the V agsnis used in the work reported here
were synthesized in these Laboratories, and no attempts for additional
purification were made by the authors., Analytical data received with the
samples are shown in takie 1, appendix,

144

n {
. \W

sl Ty 3l
} E\iuayl.ur'ut allu LKiviocuures,

Equipment and procedures for the measurement of density,
viscosity, surface tension, and freezing point have been previously
describad, 2: 3 The measurements are precise to+0.02%, +0.5%, +0.4%,
and £0,01°C, respectively, Some surface-tension values reported here
were determined by either the capillary-rise method, the DuNouy ring
method, or the Cassel tensiometer (National Instrument Laboratories,
Riverdale, Md.). The latter is essentially a bubble-pressure tensiometer,
which reguires only a few drops of liquid. Water solubility was measured
by the cloud-point method in a modified Beckmann freezing-point apparatus.
Flash points were determined in a semimicro apparatus similar ‘o that
reported by McCutchan and Young. 4

C. (C) Results,.

Physical properties of 13 V agents are shown in the table below,
The values for VE, VG, VS, and VX are from the gsamples considered
best. The single samples of EA 1728 and EA 1763 gave consclute curves
in water that indicated high purity. Since repeated syntheses and varied
purifications have produced V agents of increased purity, it is probable
that the physicai constants of VP, EA 152], EA 1576, EA 1622, VM, EA 1694,
and EA 1699 may be subsequently changed. Detailed results are given in

the appendix.

I1.  (S) DISCUSSION.

(S) Attempts were made to observe correlation among the physical

properties of the 13 V agents covered in this report. Trends were

apparent in the phosphenothioates VE, EA 1622, VM, VS, EA 1694, EA 1699,

VX, EA 1728, and EA 1763, but considerable deviation from the trends

were noted if gross changes were made in the substituents on the phozphorus,
e.g., VG, VP, EA |521], and EA 1576.

SECRET
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(© Table
Physical Properties of V Agents (U)
Lower
Density | Viscosity Surfa'ce Parachor Melting Flash | consolute
Agent at 25°C* at 25°C* At‘e?:t?_x_lg etmtaead | T point point ¥% temp in
at 25°C Caleulated | Found water
g/ml cs dynes/cm c°
VG
(EA 1508) 1.0457 4. 74 31.0 617.6 607.8 | ca,-51 - 25.5
\'2 ;
(EA 1511]) 1.023 29.6 30.4 678.2 682.5 - - -
VE
(EA 1517) 1.0180 5.44 29.5 597.6 587.7 - 157 41.4
EA 1521 0.995 - - 807.6 - - - -
!
EA 1576 1.0829 23.3 32.4 { 686.9 670.5 - - -
EA 1622 1.023 6.10 29.7 594.6 578. 1 - 135 ~
M
(EA ib64) 1.0311 5. 85 31.2 557.6 548.6 - - 74
VS
(EA 1677) 1.0016 9.36 29.9 671.6 657.0 | ca.-35 168 ca.-5
EA 1694 | 1.0453 4.92 31.5 517.6 | s510.6 . - misc.
| i 0 to 100
EA 1659 1.0600 5.31 32.0 477.6 474.) - - -
VX
(EA 170}) 1.0083 9.96 31.6 631.6 628.7 - 159 9.4
EA 1728 0.9839 11.4 29.2 668.¢ 660,81 ca. 12 170 -1.6
EA 1763 0.9973 11.3 30.2 671.6 | 661.5 - - below 0

* (U) Values at other temperatures are contained in the appendix.

** (U) Values determined in x semimicro apparatus,
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(S) Conclusions regarding the trends were based on those samples
of each compound which were considered the best of all recetved. The
principal criteria of the best samples were the water-solubility curves.
The critical solution temperature of a tertiary amine is a very sensitive
indicator of both water-soluble and water-insoluble impurties, The shape
of the curve of cloud-point temperature versus concentration of amine in
water gives not only a qualitative estimate of the ratio of water soiubie to
water-insoluble impurities but also can give an estimate of total
impurities, 5,6 Because the samples for which cloud points were measured
were prepared by essentiaily the same method, the same types of impurities
would be expected,

(S) Where several samples of a compound were received, an
increase in purity (based on water-solubility curves) was usually noted in
the iater sampies. In view of this observation, it was considered probabie
that the single samples of EA 1622, EA 1694, and EA 1699 were of relatively
low purity, With these qualificatione in mind, the following conclusions

were made:

1. (C) Density.

The change in density resulting from changes in R,R’, and
R" in the structure RP(O)(OR')S-CZN‘*NR},: was nearly a decreasing linear
function of total carbon atoms or of molecular weight. Within the limit
of sensitivity shown by density determinations, and considering the small
number of compounds examined, it appeared that little difference in
density resulted from substitution at a specific site in the molecule. It is
interesting to note that changmg

/) to \///O

C,H; CF-0C,H,

{VE to VG) is accompanied by an increase in density. Good agreement with
the United Kingdom density values’ was observed when samples were of
compavrable purity,

SECRET
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2. (U) Surface Tension,

Parachor for each of the compounds was calculated using the
atomic and structural values of Mumford and Phillips, 8 The calculated
parachors were then compared with parachors obtained by substitution
of surface tension in the expression: :

where

P = ol/%*Mm/D

P = parachor
a = surface tension at 25°C, dynes/cm
M = {ormula weight

D = density at 25°C, g/ml

Parachors for pure homologs of a series should be an additive
function. The magnitude of deviation between calculated and measured
parachors for some of the compounds reported here has indicated the
presence of impurities,

3, {S) Viscosity,

Plots of log 10 viscosity versus molecular weight or total carbon
atoms both gave the same type curves. The decrease in log g viscosity
from increased size of R (from -CH3 to -CZHS) was the same (EA 1699 to
EA 1694, VM to VE, and VX tv *"5). The increase of log viscosity from
changed (R'"); [from -CH, ¢o -CoHg to -CH{CH3),] was the same (EA 1699
to VM to VX and EA 1694 to VE to VS). These changes suggest a limited
potential for the tailoring of viscosity to a desired value.

4, (C) Flash Point.

Flash points of five V agents (VE, EA 1622, VS, VX, and
EA 1728) were measured with a few drops of each of the liquids. Il of the
compounds flashed in the temperature range from 135°t0 170°C. Flash
points of a homoiogous series of organic liquids are usually a function of
vapor pressure, or of total carbon atoms ir the molecule, and are also
affected by the position oi the carbon atoms in branched molecules.
Relatively pure samples of VS and EA 1728, each with 12 carbon atoms,
had flash points of 168° and 170°C, respectively. Larger differences as

SECRET
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shown by the 10-carbon atom EA 1622 (ilagh point of 135°C) and EA 1728
may have been caused by structural differences but may also have been
caused by the presence of relatively volatile impurities in EA 1622,

5, (S) Melting Points,

Melting points were obtained with only three of the compounds
discussed in this report: VG, VS, and EA 1728. VG with an ethoxy group
substituted for R in the structure RP(O)(OR')SC2H4NRE had a melting point
of ca. -51°C. VS with R'= =~C,Hg, R'ss —CH5, and R''= —CH(CH;), had
a melting point of ca. -35°C. EA 1728 with R= --CH3 R'= R''= ——CH(CH3)2
had a melting point of ca. -12°C. Predictions based on these few melting
points are subject to considerable error, but it is considered probable that all
of the compounds having the above structure and with R,R' and R" being any
combination of methy!, ethyl, and isopropyl will {reeze below -12°C, except

for the single compound which has R= R'=-R''= ~CH(CH3),. This cempound
has not been synthesized, but its melting point is probably above -12°C,

6. {C) Lower Consolute Temperature.

It is apparent that the lower consolute temperatures of VE, VM,
VS, EA 1694, VX, EA 1728, and EA 1763 in water are a decreasing
functicn of total carbon atoms in the molecule. Sufficient data have not
yet been obtained to permit strict conclusions concerning the effect of
carbon-atom position in the molecule upon lower consolute temperature.
However, there were promising indications that such a relation existed,
and it is hoped that the relation will be disclosed with the aid of more
sensitive apparatus (presently bemg assembled) and with samples of high
purity.

7. (C) Vapoxr Pressure.

.....

Only limited vapor-pressure data have besn obtained to date.
Distillation data and other information *»9 show the V agents to have vapor
pressures in the 10”3 mm Hg range at normal temperatures. A Knudsen
effusion ceii has been fabricated, and calibration runs with standard
samples having vapor pressures in the range from 10-5 to 10-3 mm Hg

ave being made, A micromanomster or diffcrential diaphragm gage is also
being tested with materials having vapor pressures in the range from 10-
to I mm Hg. Subsequent reports will include vapor-pressure data of
agents and candidate agents as the data are obtained.

SECRET
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Iv. (C) CONCLUSIONS.

The values of physical censtants for VE, VG, V5, VX, EA 1728,

and EA 1763 which were found are probably the same as the values which
will be obtained with 100% pure samples of these compounds. Repeated
syntheses and varied purifications have produced V agents of higher purities.
The values shown for VP, EA 1521, EA 1576, EA 1622, VM, EA 1694 and
EA 1699 are probably somewhat different from those which will be obtained
with 100% pure samples.
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percutaneous route, and have a very low vapor pressure,
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GLOSSARY

V agents are that class of toxic chemical agen.ts that contain
phosphorus, have high anticholinesterase activity, are highly toxic by the

Examples are the

following compounds synthesized by these Laboratories.,

_Agent Formula Name
VG . C2H50 0 . i i i
N 0,0~diethyl S~(2-diethylami-
(EA 1508) /P_'SCZH&N(CZRS)Z no)ethylohosshororhioate
C,H.0 - )
275
=
;T
Ip /< S !
VP ‘ L/O “ ///___Cd:;
(EA 151)) CH3— ~ \ 3-pyridyl 3,3.5-trimethyl-
0 > cvclohexyl metnylphosphonate
—.N//
VE
(EA 1517) CoH 0
B~ sc 1 N(CH ) O-ethyl S-(2-diethylamino-
» 274 27572 ethyl) ethylphosphonothioate
EA 1521 CH3\ CH3\ 0 0+33,5~trimethylcyclohexyl
0 )P/SCZHQN(CZHS)Z S5-(Z-diethylaminoethyl) methyl-
( <« o~ phosphonothioate
N/
ciy” \\CH3
A 1576 50 ?33 9 2-gthoxyvcarbonvi-l-methvl=~
B A2 CH3——PT———~O-C====‘CH-&—OCZH5 vinyl 3-methylcyclohexyl
0 methylphosphonate
. S

CH3 |

SECRET
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Agent Formula

Name

EA 1622

CHj o
\p{:sczuancczus) 2
o’
CH

N
0“3/ CH3

0
(EA 1664) = CHy 7
P—SC,H,N(CyHs) 5

C2H50

Vs
(EA 1677)  CyHs e |
\Pfsczaau [caceny) 5],

0
EA 1694 CoHls
\P——sczmu(ca3) 5
C2H50
EA 1699 cu3\ ,°
CZHSO )
VX

(EA 1701) CH 2°
™~ wl B

C2H50

EA 1728 Ciy_ A°

7/
0

(CH4) ,CH

SECRET
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PZsC,, N [cuceny) 22

U-isopropyl S-(2-diethyl-
aminoethyl) methylphosphono-
thioate

O-ethyl S-(2-diethylamino-
ethyl) methylphosphonothiocate

O-ethyl S-{2~diigopropyl-
amincethyl) ethylphosphono-
thioate

C-cthyl S-(2-dimethylamino-
ethyl) ethylphosphonothioate

O-ethyi S-(2-dimethylamino-
ethyl) wethylphosphonothioate

O-ethyl S-(2-diisopropylamino-
ethyl) methylphosphonothiocate

O-isopropyl S-(2-diisopropyl-
aminoethyl) methylphosphono-
thicate



Formula

ixame

ésgnt

EA 1763

c

0

H3\ 7\ .
P-SC,H, N [CH(CH) 5] 2

\0‘33“7

O-n-propyl S-(2-diisopropyl-
aminoethyl) methylphosphono-
thioate ‘




(C) APPENDIX

DETAILED RESULTS OF STUDIES WITH V AGENTS (U)

1. (C) VG (EA 1508).

(C) A total of six samples of VG were received during the period
from 5 May 1954 to 18 May 1955. Analytical data for five of the samples are
included in table 1. Measured physical properties of all the samples are
listed in table 2. Dersity, viscosity, and surface tension of samples

5 May 1954, 4 June 1954, fraction 1, and 4 June 1954, fraction 4, were

run before the virtues of water solubility for purity entxmatxon had been

A
e - P S R R iswe
conzigerea. s waisr-gooluoiiit 7 CLTVIS QLS (CWIT-=LTnisgiute \.t,AAnydA alarcs

(L.C.T.) were obtained for all subsequent sampies where the type and
quantity of impurities permitted such measurements, *%*

(C) Such gmall amounts of a sample received on 19 April 1955
and of sample 2897 were received that measurements of any physical
properties besides L.C.T. were precluded. This was unfortunate in that
the sample of 19 April 1955 yielded the highest L. C. T. and was probably
slightly purer than sample 2900. Only one impure sample of VG has been
{rozen. A melting point of -50.7°C has been observed, indicating that
pure material will probably {reeze somewhat above -50°C.

(C) Sample 2900 was the best sample for which several physical
properties are available. Based on water-solubility data, it was
considered probable that both density and viscosity of 100% VG will be
only slightly greater than the values found for sample 2900. More
extensive water-solubility data are given elsewhere, **

* (U) Neale, 2. PTP 470. The Solukility of Phosphorothiolates and

Related Compo'wnds., Part 1, 1955,
Callahan, J. J., Coulter, P. B., and Zeffert, B. M. CWLR 2074.
Solubility Studies With VE and VG. October 1956,

#x (U) Calahan, J. J., Coulter, P. B., and Zeffert, B. M. CWLR 2074,
Solubility Studies With VE and VG, October 1956,
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2. (C)

(C)

measured are listed in table 3.

crystals.

(C)

CONFIDENTIAL

VP (EA 1511).

One sample of VP was received and the physical preonerties

Frequent vitrifaction in iiguid nitrogen
followed by storage at temperatures from -70° to -10°C did nox yield

TABLE 3

PHYSICAL PROFPERTIES OF VP (EA i511) (ANAL. 2216) {U)

Temperature Density | Viscosity Su.rf'ace Wajtfer
tensgion* | solubility **
°C g/ml cs dvnes/cm wt %
25 1.023 29.6 30.4 -
35 1.016 17.0 - -
50 1.005 8.7 - -
i5-50 - - 0.10

* (U) Measured by the DuNouy ring method.

*% (U) Measured by the cloud-point method in a modified
Beckmann freezing-point apparatus.

3. (C) VE (EA 1517).

(C) About 20 samples of VE were received during the period

23 April 1954 to 9 December 1955, Only cloud points in water were deter-
mined with several of the samples (table 4), in order to test the eifectiveness
of various purifying measures. Some of the samples were so impure that the

measurement of additional physical properties was unwarranted. More
extengive water-golubility data have baen reportad eclsewhere.* The flash

point of an impure sample not listed in table 4 was found to be 157°C.

" Intermittent efforts to freeze VE were made during a period of 1 yr, Pre-
vious work has shown that crystallization may be induced in organic liquids
by cooling to vitrifaction at -196°C in liquid nitrogen, followed by storage at
temperatures from 5° to 10°C below the melting point. Crystallization may
also be accomplished by seeding a supercooled liquid with crystals of a com-
pound having a similar molecular structure. Vitrifaction of VE followed by
storage at temperatures raised in 5°C increments from -71° to -13°C, and
inoculation with crystals of VG and EA 15929 {the P = S isomer of VG) did
not result in crystallization of VE.

* (U) Callahan, J. J., Coulter, P. B., and Zeffert, B. M. CWLR 2074.
Solubility Studies With VE and VG. October 1956,
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. M I TR g AN TR
LY “. 31\"3‘!!’}&;\% Iasak
.j‘ ,\ 4 - >
4 -
'.-’ﬁ A 5-ml sam 1 O A Coee s lred ond oy 0
ol . - - . o g
C‘V’t T ity wis measrraed. A value of 0.995 g m. waz o aced at 45,0

’. (C* EA 157¢6.

Onz sample oo EA 0L - was e » o3 sle proveriins Teus
i

o1 ) keis v 1., zahle 5,
(C) TABLE 5
PHYSICAL PROPERTIES OF EA 1576 (ANAL. 234t-A 175
Temperature Density Viscosity
°C g/ml- cs i
25 1.0829 23.3 32,
35 1.0743 14.7 ‘ -
50 1.0616 8.38 e
(U) Measured by the DuNouy ring method.
6. (C) EA l622.
(C) reeived:

physica! prdf
will prebab! R}
facties and s ‘%\ :

\ Ve

" "$\lorage treatmeont applied to, VE was given -
T R

inocui“?ion wi f““;é “’“%15 ca.ried cut antl vo crypiclization ek 2l ce.
Ve Y
D, ALY .
PHYSIC 1 3% AL PROPERTIES OF EA 1622 (SAMPLE 3598; . ;
AV T -
¥

\

Tempez'(i Bk ‘ Density Viscosity ' >~07 7~
mm———— | AT ,‘_: 4 . ____an ':
O RTCE g/mi cs b dvner. m
25 1.023 6. 10 £9,
35 1.014 4,42 130
0 MeSRiNGe 1. 000 3,06 25
Flash point:* ¥ &R WA *155°C | N

* (U) Measn k\?&-\ VEE WS od with the Cazsel tensiometer
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CORFIDENTIAL

7. (C) VM (EA 1664).
£f

(C) Only two of the five samples of VM received were in safficient
quantity to permit more than cloud-point determinations in water and
surface-tension measurements with the Cassel tensiometer. VM was given
the same vitrifaction and storage treatment as VE but it did not freeze.

Table 7 lists the values of physical properties obtained in these Laborateries.

(C) TABLE 7

PHYSICAL PROPERTIES OF VM (EA 1664) SAMPLES (U)

Surface

Density at Viscosity at .
. tension at
Sample no. various temp various temp e
, various utemp
25°C | 35°C | 50°c {25° | 35°C|50°C | 25°C 35°C | 50°C
g/ml cs dynes/cm
|
2860-b  |1.0280/1.01921.0064/5.77 | 4.32}3.00 |31.0 a/ | - -
3051, - - .- - - - - -
fraction 2
3051, 1.0311]1.0225[1.0095/5.85! 4.33| 2.99 | 31.1 b/ 30.5 b/ |28.5 b/
fraction 3 i 30.7 I 29.8 28.6
! |
' ]
9002 - - - | - - b- st e - -
: 1
| 1
9012 - - - - - 1 - 130.9 ¢f 17 30.1 ¢/ i 29.0 ¢/
; ! ,

a/ (U) Measured by the DuNouy ring method.

b/ (U) Measured by the capillary-rise method; second value obtained 2 mo
later; densities identical for the same time period.

c/ (U) Measured vith the Cassel tensiometer.

8. (C) VS (EA 1677).

Four samples of VS were obtained, the last two in too small a
quantity for cloud-point determinations in water for aid in the assessment of
purification procedures. Sample ino. 3089 froze after 2 wk of daily vitrifac-
tion in liquid nitrogen and storage at -70°C. An approximate melting point of
-35°C was observed. The physical preperties which was measured are shown
in table 3. Water-solubility data for sample 9011, fraction 13, aregivenintable 9
and figurei. The mixture froze in the lower-agent concentrations maxing
cioud-point determinations impessible.
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CONFIDENTIAL
(©) TABLE 9

WATER SOLUBILITY* OF VS (EA 1677)
(ANAL. 9011, FRACTION 13) (U)

Cloud
_point
T
1.4 26. 61.6 -2.3
2.7 16 66.8 ~1.9
L7 10 72.8 -1.2
4.8 8, ge. ¢ 1.0
28.6 -4.7 86.9 5.
50.1 -2.9 90.9 16.
57.2 -2.6

* (U) Measured by the cloud-point method in a
medified Beckmann freezing-point
apparatus.

9. (C) EA 1694.

Only one sample of EA 1694 was submitted after purification in
the molecular still at §0°C and 5 x 10-4 mm Hg pressure. The physical
properties measured are shown in table 10. The same vitrifaction and
warming treatment given VE did not result in crystallization.of this sample.
The EA 1694 was miscible with water over the temperature range from 0° to

100°C.
10. {(C) EA 1639,

Only one sample of this material was received, purification
was accomplished in a molecular still at a pressure of 5 x 10-4 mm Hg
and temperature of 80°C. Physical propeities are listed in table 1.
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(C) TABLE 10

PHYSICAL PROPERTIES OF EA 1694 (SAMPLE W) (11}

! ' Coapfnea
Temperature Density l Viscosity e Amm
____===L=,_= tension
e —
°C g/ml oF: dynes/cm
25 1.0453 4.92 30. 8%
31,5
: 31, 65%%
35 1.0367 3.70 30, 3=
30.4
50 1.023¢ 2.61 29.2%*
29.3

* (U) Measured by the capillary-rise method; second
value 2 mo later.

**x (U) Measured with the Cassel tensiometer,

{C) TABLE 11l

PHYSICAL PROPERTIES OF EA 1699 (SAMPLE 3034) (U)

Temperature Density Viecosity - Surféce
: tensgion
o e
°C g/ml cs dynes/cm
25 1.0600 5.31 31.4%
32.0
32, THx*
35 1.0510 3.96 30. 4
31.0
50 £.0379 2.74 29. 1%
25.8

* (U) ieasured by the capillary-rise method; second
value 2 mo later.

** (U) Measured with the Cassel tensiometer.
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CONFIEHTIAL
(C) TABLE 13

WATER SOLUBILITY* OF VX (EA 1701)
(ANAL. 9000) (U)

Agent Cloud Agent Cloud
concn point concn point
wt % °C wt % °C
4.8 21.5 31.7 9.4
6.3 17.5 43.0 9.4
9.1 2.5 ' 50.2 5.5
11.2 10.6 60.2 10.0
12.6 9.8 66.8 11.2
14.4 9.5 75.1 13.5
16. 8 9.4 8l.2 18.5
20.1 9.4 85. 8 29.5
25.1 9.4

* (U) Measured by the cioud-point method in
a modified Beckmann freezing-point
apparatus. '

12, (C) EA 1728.

(C) Only one sample of compound EA 1728 was i1eceived for the
measurement ol physical properties which are shown in table 14,

(U) Water-solubility data for EA 1728 are given in table 15 and
plotted in figure 2.

13. (C) EA 1763,

(U) One sample of EA 1763 (anal. 9167) was received; the physical
properties measured are given in table 6. The criticai portion of the

EA 1763 and water coexistence curve, was completely obscured by the
freezing of the water from the mixture. The remaining portion of the curve
is shown in figure 2, data for which are given in table 17. The sharpness
of the cloud points at the low-agent concentrations indicated the sample to
be of high purity. Repeated vitrifaction in liquid nitrogen followed by
storage at -70°C did not produce crystals..
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(C) TABLE 4
PHYSICAL PROPERTIES OF E-~ 72§
(ANAL. 9022, FRACTION 2) il
Temperature Density Viscosi: Surf.ace
_tension.a/
b=y - ]
°C g/ml cs dynes/cm
5 0.9899 11.4 29.2
35 0.9819 7.8 28.6
50 0.9699 4.9 27.2
L.C.T. bj, -1.6°C
Flash point ¢ /, 170°C
mp, -12,1°C
a/ (U) Measured with the Cassel tensic..:ter,
b/ (U) Lower consolute temperature in water,
¢/ (U) Values determined in a semimic « apparatus.
(C) TABLE 15
WATER SOLUBILITY* OF EA 128 (U)
Agent Cloud Agent 7 Cloud
concn point concn 5‘ point
wt % °C wt% | °C
f
1.6 27. 27.2 i ~1.6
3.2 17. 33.2 i 1.7
4.3 11, 37.4 vo-1.6
7.6 4. 46.0 io~1.5
9.0 2.2 49.8 { -1.4
10.7 0.2 59.9 3 ~-1.0
15.7 -1.4 66.5 0.
18.7 -1.5 74.9 S -
23.0 -1.6 85, 6 6.0

Appendix

* (U) Measured by the cloud-point r1ethod in
a modified Beckmann freezing -point
apparatus,
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