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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 during 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, 4-08-03-016-04, and
4-08-03-016-11. Experimentaldata are contained in notebooks 427,8 4198, 4483,
4612, 4616, 4668, 4671, and 4708. Thiz repart -as submitted for publication
in May 1959.

Notices

This docinmert contains information affecting thek nationat
defense of the United States within the meaning of the Espionage Laws,
Title 18, U.S.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 authorized
to reproduce the document for U. S. Governmental purposes.

Disposition

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 to Armed
Services Technical Information Agency, Arlington Hall Station, Arlington
12, Va., ATTN: TIPDR.
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(G) 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 16z, VM, EA 1694, and
R.A 1699 are probably somewhat different from those which will be obtained
with 100% pure samples.

CONFIDENTIAL
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PHYSICAL CONSTANTS OF THIRTEEN V AGENTS (U)

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 Laboratories and in industrial,
academic, and foreign laboratories has developed compounds with greater
percutaneous toxicity than GB. Among such compounds are those
descrihcf.1 in this report.

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

R P 30

RIO' "-SCH CHzNRII

(I)

where R, R', and R" are the same or different alkyl groups, have been
reported previously 1 * and are illustrated by the following reactions:

RP(O)(OR')C I + NaSCH 2 CH2 NR -9I (I)

[RP(O)(OR')S] Na + CICH2 CH 2NR -- I (2)

RP(OR')OCH2 CH2 NR + S-- RP(OR')(S)OCH2 CH 2 NR2--AI (3)

RP(S)(OR')CI + HOCH CH2 NR---) RP(OR')(S)OCH 2 CH 2NR_ A I (4)

(C) Compounds VP (EA 1511) 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.

Ao (U) MatriL _L

The samples of the V agents 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 table I, appendix.
/~~~TTI L' X_. .. .

Equipment and procedures for the measurement of density,
viscosity, surface tension, and freezing point have been previously
described. 2, 3 The measurements are precise to,±0.02%, ±0. 5%, ±0. 4%,
and ±0.01°G, 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 req;,..ires cnly 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 propcrties of 13 V agents are shown in the table below.
The values for VE, VG, VS, and VX are from the samples considered
best. The single samples of EA 1728 and EA 1763 gave consoLute curves
in water that indicated high purity. Since repeated syntheses and varied
purifications have produced V agents of increased puriy it is probable

that the physical const-nts of YP, EA 1521, EA 1576, EA 1622, VM, EA 1694,
and EA 1699 may be subsequently changed. Detailed results are given in
the appendix.

III. (S) DISCUSSION.

(S) Attempts -were made .to obaerve correlation among the physical
properties of the 13 V agents covered in this report. Trends were
apparent in the phosphonothioates VE, EA 1622, V.M, 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 phoephorus,
e.g., VG, VP, EA 1521, and EA 1576.

SECRET
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(C) Table

Physical Properties of V Agents (U)

Sufc 1aaco Lower
Density Viscosity Surface Parachor Melting Flash consolute

Agent at 25*C at 25°C* tensionoint pont** temp inaL r- -1 water

g/m Cs dvnes/cm Ct

VG
(EA 1508) 1.0457 4.74 31.0 617.6 607.8 ica.-5 25.5

VP
(EA 1511) 1.023 29.6 30.4 678.2 682.5

VE
(EA 1517) 1.0180 5.44 29.5 597.6 587.7 157 414

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

VM
(EA 1664) 1.0311 5.85 31.? 557.6 548.6 1 74

VS
(EA 1677) 1.0016 9.36 29.9 671.6 657.0 ca.-35 168 ca.-5

EA i694 1.0453 4.92 31.5 517,6 510.6 misc.

0 to 100

EA 1699 1.0600 5.31 32.0 477.6 474.1

VX
(EA 170;) 1.0083 9.96 31.6 631.6 628.7 - 159 9.4

EA 1728 0.9899 11.4 29.2 668.6 660_8 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 a sernimicro apparatus,

CONFIDENTIAL
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(S) Conclusions regarding the trends were based on those samples
of each compound which were considered the best of all received. 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 soluble 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 essentially 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 later samples. In view of this observation, it wan considered probabit-

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-C 2 N4 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 changing

P -C 5  P-OCH

(VE to VG) is accompanied by an increase in density. Good agreement with
the United Kingdom density values 7 was observed when samples were of

compaioable parity.

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 = al1 /4. M/D

P = parachor

a = surface tension at 25°C, dynes/cm

AV& Lornula -wE ;g

D = density at 25°C, g/m

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 1 0 viscosity versus molecular weight or total carbon
atoms both gave the same type curves. The decrease in logl 0 viscosity
from increased size of R (fror -CH 3 to -C 2 H 5 ) was the same (EA 1699 to
EA 1694, VM to VE, and VX tv "S). The increase of log viscosity from
changed (R") 2 [from -CH 3 to -C 2 M-{5 to -CH(CH 3 )2 ] 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. All of the
compounds flashed in the temperature range from 135"to 170°C. Fl;%h
points of a homologous 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 of 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 (flash point of 135 0 C) and EA 1728
may have been caused by structural differences but may also have been
caused by the presenc, 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 i728. VG with an ethoxy group
substituted for R in the structure RP(O)(OR')SC 2 H4 NR2 had a melting point
of ca. -51 0 C. VS with R:= '-C 2 H5 , R'---C 2 H5 , and R'.=--CH(CH 3 )2 had
a melting point of ca. -35 0 C. EA 1728 with R= -CH 3, R1 = R1---CH(CH 3 )2
had a melting point of ca. - 12*C. Predictions based on these few melting
points are b bject to considerable error, but it is considered probable that alt
of the compounds having the above structure and with R,R' and R" being any

...iation .. nethy Ithyl, an.u isopr opyi W1 Ipreeze below - i2G, except
for the single compound which has R- R'1-R1- - - H(CH 3 ) 2 . This compound
has not been synthesized, but its melting point is probably above -!2°G.

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
function 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 consotute 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 being assembled) and with 3amples of high
purity.

7. (C) Vapor Pressure.

- - V-F AF esr I..atL uu-;- ee, dbirieQ to dae

Distillation data and other information 7 .9, show the V agents to have vapor
pressures in the 10-3 m-n Hg range at normal temperatures, A Knidsen
effusion cell has been fabricated, and calibration runs with standard
samples having vapor pressures in the range from 10- 5 to 10- 3 mm Hg

r- bei-. rado. A -n-r-net- cr ....or-, diaphragmi gage is ai6o
being tested with materials having vapor pressures in the range from 10- 3
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 constants for E, VO, V, 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 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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(S ) GLOSSARY

V agents are that class of toxic chemical agents that contain
phosphorus, have high antichokinesterase activity, are highly toxic by the
percutaneous route, and have a very Low vapor pressure. Examples are the
folowing comypounds synthesized by these Laboratories..

Agent Formula Name

VG C2 H5 O IP- A 0  0,0-diethyl S-(2-diethylami-
(EA 1508) P2511* SC2 4 N( 2 H5 ) 2 no) ethy1DhosI, horotnt oate

0 /
VP 1 0--

C-N cyclohexyl me~lcylphosphonate

VE

(EA 517) C2H-,.._,--r 00-ethyl S-(2-diethylamino-

/11 c2HN(C25)2ethyl) ethylphosphonothioate

EA 1521 OH3 -- CH 0 0-3..trimethvlcyclohexyl

'P f-SC H N(C H5) S-(2-diethylaminoethyl) methyl-
2 4 5)2phosphonothioate

CH< CH 3

FA 157 ,.o 3 2-ethoxvcarbonvI- 1-iv.th-I-
CH 3 -P7---C"-CH--C 2 H5  vinyl 3-methylcyclohexyl

0 methyiphosphonate

CH3

SECRET



AgMent Formula Name

EA 1622 CH 0 0-isopropyl S-(2-diethyl-
_ arinoethyl) metIhyiphosphorno-

k'C2H4N(C2 { 5) 2 thioate

CH0

Cl'3  ClI 3

(EA 1664) cH3 , el 0-ethyl S- (2-diethylamino-

CH0/P-SC2H4 N(C2H5)2  
ethyl) methylphosphonothioate

vs
(EA 1677) C2H "1 0 -ethyl S-(1-diisopvopy1--1, P-SC2HNFCH(CH)l] aminoethyl) ethyiphosphono-

CH 5  70 4  3 2
z thioate

E 69 0* - cthyl S-(2-dimi-thylamino-

C2H5 zP-C24NC3) ethyl) ethylphosphonothioate

EA 1699 CH 3 \00 -ethyi S-(2-dimethylamino-

P.....SC 2HON(CH3)2  ethyl), iethylphosphonothioate

C2H50

vx
(EA 1701) CH 0 0-ethyl S-(2 -diisopropyaji0..

3-- rscuxc(cl)j ethyl) tethylphosphonothioate

C2H5 0 / 
24C 32

EA 1728 C113.,, 's 0 ~ 0-isopropyl S-(2-diisopropyl-
P ~-SC2H 4NL[CH(CH 3)2j2 aminoethyl.) mtethylphosphono-

0 thioate

(CH3) 2CH

13
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Agent Formula N'ame

EA 1763 CH 3 ,0 0-n-propyl S-(2-diisopropyl-
3\p-SC2I 4  C(H) 2  aminoethyl) methy lphosphono-

- 2 4 [Ci(C,) 2t hi oat e
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(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. Derisity, 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 estimation had been

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

(C) Such small amounts of a sample received on 19 April 1955
and of sample Z897 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. axid was probably
slightly purer than sample 2900. Only one impure sample of VG has been
frozen. A melting point of -50. 7C has been observed, indicating that
pure material will probably freeze 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, Z. PTP 470. The Solubility of Phosphorothiotates and

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

** (U) Caic/iui, 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) VP (EA 15 11).

(C) One sample of VP was received and the physical properties
measured are listed in table 3. Frequent vitriiaction in liquid nitrogen

followed by storage at temperatures from -70" to - 10'C did no yield
crystals.

(C) TABLE 3

PHYSICAL PROPERTIUS OF VP (EA 1511) (ANAL. 2216) (U)

11Surface Water

Temperature Density Viscosity Sion* oater
tension* _s olubi~itxy

c g/rnl cs dvnes/cm wt 0n

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 effectiveness
of various purifying measures. Some of the samples were so impure that the
measurement of additional physical properties was unwarranted. More

extensive water- 9aubi_t-%r d12t2 ae been repcrtcd el-sew here . * Thle IfLash
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 I yr. Pre-

vious work has showr. that crystallization may be induced in organic liquids

by cooling to vitrifaction at - 196°C in liquid nitrogen, followed by storage at
temperatures from 50 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 1599 (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.

CONFIDENTiAL
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(C'' EA 157 .

shI- 1 1- -.-b e 5

(C) TABLE 5

PHYICL ROPRTESOF EA 1576' (ANAL. 2~-A~

Temperature Density Viscoiy

.00g~ml Cs8 d, 'i'.es

25 1.0829 23. 3 32.k
3 35 1.074 3 14 .7
50 1. 0616 8.38-

S (U) Measured by the DuNouy ring m.ePth od.

6. (G) EA 1622.

(c) A single sanyire :)f comnpound EA 1622 was re.,iv
P.hySiL.' Pt"ki~ .perties measured are shownl in table 6. S-A..,, :,qQur'-
will prcbab " ', be purer aMr mnay yield differnt valueE. TILto fi<- 6 vI ;

lfac'~.~ and oratye treatrrnt applied tc VE was gi-en 0o, .
ifloc u i Aof W 6 ca.-ried c at ant" tio cry~? C.~to 1, Ck - e.

PX-IYS PROPERTIE.S OF' E:A 1622 (SAMPLE~ 309EZI

Tepe);~ur jDznsity V i 3Cs oity

251.023 .10 9
501.01.4 4. 4?

50~~~~ 1.0o ,

**(U) Deterr' it-ed irn. a semimnicro apparatus.

Ap.j. .. CONFIT[SN CAL
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7. (C) VM (FA 1664).

(C) Only two of the five samples of VM received were in sifficient
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 Laboratories.

(C) TABLE 7

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

, ! Surface
Density at Viscosity at t at

Sample no. various temp various temp tension at
various temp

C 35°C 50-C 25C I35C 50°C 250C 35°C 50C

g/ml cs dynes/cm

2860-b 1.0280 1.019211.0064 5.77 4.32J 3.00 31.0 a/

3051, ... ...
fraction 21

3051, 1.0311 1.0225 1.0095 5.85 4,33 2.99 31.1 b/ 30,5 b/ 28,5 b/
fraction 3 1 30.7 29.8 23.C

9002 " " - 31.2 c/ -

9012 - - - 130.9 c/ 30.1 c/ 2''.0 c/

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

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

c/ (U) Measured ;ith the Cassel tensiometer.

S. (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 no. 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 properties which was measured are sho-wn
in table 8. Water-sotubilit data for sample 901i, fraction 13, are given in table 9
and figurel. The mi-tre froze in the iower-agent concentrations mazing
cloud-point determinations impossible.
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(C) TABLE 9

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

Ag ent Cloud Agent I CLo ud

cocn point concn p oint

wt% C wt %C

1.4 26. 61.6 -2.3
2.7 16. 66.8 .-1.9
3.7 10. 72.8 -1.2
4,w- gfl 0 I 0

Z8. 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
modified Beckmann freezing-point
apparatus.

9. (C) EA 1694.

Only one sample of EA 1694 was submitted after purification in
the molecular still at 60"C and 5 x I0-4 rnm Hg pressure. The physical
properties measured are shown in table 10. The same vitrifaction and
warming treatment given VE did not result in cvystallization.of this sample.
The EA 1694 was miscible with water over the temperature range from 00 to
'006C.

10. (C' EA 1699.

Only one sample of this maeriat 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 propeixties are listed in table 11.
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(C) TABLE 10

PHYSICAL PROPERTIES OF EA !694t (SAMPLE W) (I)

____ ___ ___ __ ____ __'___ - r. ,..,.

Temperature Density Viscosity Senace
tension

°C g/ml Cs dynes/cm

25 1.0453 4.92 30.8*
31.5

31. 65**
3* 1, 036,7 3 70 30; 3*

30.4
50 1.0236 2.61 29.2*

29.3

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

** (U) Measured with the Cassel tensiometer.

(,C) TABLE 11

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

Temperature Density Viscosity Surface
tt,nsion

0CC g/[ --ILC dynes/cin

25 1.0600 5.31 31.4*
32.0
32. 7**

35 1.0510 3.96 30.4*
31.0

50 1.0379 2.74 29. 1*

L 29.8

* (U) ",Measured by the capillary-rise method; second

value 2 mo later.

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

WATER SOLUBILITY* OF VX (EA 170 1)
(ANAL. 9000) (U)

Agent Cloud Agent Cloud
concn point concn point

wt °C t0wt%

4.8 21.5 37.7 9.4
6.3 17.5 43.0 9.4
9. 1 12.5 50.2 9.5

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 81.2 18.5
20.1 9.4 85.8 29.5
25.1 9.4

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

12. (C) EA 1728.

(C) Only one sample of compound EA 1728 was ieceived for the
measurement of 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 k763.

(U) One sample of EA 1763 (anal. 9167) was received; the physical
properties measured are given in table 16. 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 14

PHYSICAL PROPERTIES OF E- ?Z8
(ANAL. 9022, FRACTION 2) W)

Temperature Density Viscosi ,.: Surface
tension...a

c gfml cs dynes/cm

2,5 0.9899 11.4 29.2
35 0.9819 7.8 28.6
50 0.9699 4.9 27.2

L. C, T. bi, -l. 6

Flash point c9J, 170°C
mp, - 12. ___C

a/ (U) Measured with the Cassel tensio..i'ter.

bJ (U) Lower consolute temperatLre in Aiter,

_ (U) Values determined in a semimic, apparatus.

(C) TABLE 15

WATER SOLUBILITY* OF EA .'i ?8 (U)

Agent Cloud Agent Cloud

concn oncn point

wt% c wt 0%c

i. 6 27. 27.2 -1.6
3.2 17. 33.2 -1.7

4.3 11. 37.4 -1.6
7.6 4. 46.0 -1.5
9.0 2.2 49.8 -1.4

10.7 0.2 59.9 -1.0
15.7 -1.4 66.5 0.
18.7 -1.5 74.9 .1.5
23.0 -1.6 85.6 6.0

* (U) Measured by the cLoud-point r-tethod in
a modified Beckmann freezin, -point
A\pparatus.
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PH~YSICAL PiRi. 'IF iE/.'.7$ (AN, 7T<. 1i7)()

Tt. ar~ L-,t',

350.:

L.C. L%, C ,e

* I~j~ ~ a the cap.* -

(C) AA-.

Ag ent i ij e~ 1.1, 1~

concn pe ..

wt% 0

1.6 Z3 673

Z. 4 15
3. 9 Z

4.8 3 ~ .
83.3 J -4

*(U) Measiu- - by th cLoud-poi.nt r~~~ir
a modif; -d ]3ecb.,f .;Inn f reezing-poa.i
appar.-;cLtvL.
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