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PHYSICAL PROPERTIFS OF STANDARD AGENTS, CANDIDATE AGENTS, AND
RELATED COMPOUNDS AT SEVERAL TEMPERATURES (U)

1. (u) INTRODUCTION

(v) A problem facing users of physical chemical properties of chemical
agents and related compounds has been the lack of a central source of reliable
data. Data are often scattered in various technical reports, journals and
laboratory notebooks. Many compilations of data fail to note original sources
or important experimental details. As a result, the physical properties used
in calculations in various technical reports are inconsistent and often not
the best data available.

(u) For over a decade, efforts of chemists in the Physical Organic
Section have been directed toward providing an automated physical property

data system for chemical agents and related compounds. The characteristics

of the desired system are listed in table 1. To provide the maximum assistance
to the user of physical chemical properties of chemical agents, every effort
was made to obtain these characteristics.

(u) This report briefly describes the physical property data system
along with methods used to predict additional properties. A compilation of
physical, chemical and thermodynamic data and correlations is provided for
55 chemical agents and related compounds. A list of these compounds with
their chemical structures is given in Appendix A. In Appendix B, the
properties along with predicted properties are provided at temperatures of
-40°, -20°, 0°, 20°, 25° and 40°C.

Table 1. (U) Characteristics of the Desir.d Data System

-r

1. Use automation to ecase access and to allow for upgrading of input.

2. Enter properties in formatted form so that each value is machine readable.
3. Evaluate all available data and use best data.

4. Combine data to extend the experimental data range where appropriate.

5. Calculate properties at any specified temperature.

6. Provide easy to read printout with readily apparent units.

7. Take all data from original sources with provided references.

8. Provide data ranges and warnings where extrapolations are performed.
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2. (V) PHYSICAL CHEMICAL DATA SYSTEM

(v) All values for properties and equation parameters entered into the
data system are formatted and identified by property code and compound number.
Thus, all properties are machine readable except solubility which lists the
solvent in the reference field. Table 2 lists the major components of an 80
character input line,

Table 2. (U) Components of a Data Input Line

1. Compound code number

2. Compound letter code

3. Property or parameter code number
4. Property or parameter value

S. Temperature and/or upper or lower values
of temperature range

6. Reference field of up to 36 characters

UNCLASSIFIED

(u) Compounds are listed in order of their EA number. A system
of numbered codes was established to identify individual properties and
parameters. The compound numbers, names, and structures for compounds
contained in this report are tabulated in Appendix A.

(v) Considerable time and effort were spent locating, evaluating and
selecting physical chemical properties to be included in this system. The

data selected are considered the best available. When conflicting data were
found, selection was made primarily on the basis of experimental procedure

and reported sample purity. Therefore, the values in this system tend to be for
purified rather than technical grade material. When properties had been
extensively evaluated and documented in reviews, these values were used unless
better data had become available,

(u) Two types of equations are used in this system to describe physical
properties versus temperature. Where possible, data sets covering different
temperature ranges were combined to generate property parameters based on
extended temperature ranges.,

(v) Antoine equationsl are used to describe both vapor pressure and
viscosity. The merits of the Antoine equation for fitting and extrapolating
vapor pressure data are covered extensively in Appendix C. The Antoine equation
has been found also to work well for fitting and interpolating viscosity data.
However, for many of the compounds, the Antoine constants for viscosity were
generated from three points which covered a data range of only 25°C. Extensive
extrapolation of viscoaity for these compounds may result in a significant
erTor.
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(u) Density, refractive index, and surface tension are each expressed
as a linear function of temperature. The method of least squares was used to
generate equation parameters from the experimental data.

il
!

(v) The reference field allows up to 36 characters per property or set
of parameters. Due to this space limitation, it was necessary to abbreviate
references, These references should be available in the Chemical Systems
Laboratory (CSL) Technical Library. Since some data are unpublished, it was
necessary to list CSL notebook (NB) numbers. Several unreferenced data points

¢ are included in the system despite substantial efforts to reference all infor-
mation. Additional information is sometimes provided in the reference field,
e.g., sample purity and other characteristics. In cases where the property
value was reported in the literature as a range, an average value was used and
the range was reported in the reference field.

als AT,

(v) Numerous tests and warnings have been incorporated into this system

for the following reasons: (1) to prevent the calculation of meaningless data,
and (2) to warn the user when the calculated values fall outside the range of _
the experimental data used in generating the input parameters. The most common
warning is "THE ABOVE VALUES ARE EXTRAPOLATED OUT OF THE DATA TEMPERATURE RANGE."
Due to the small temperature coefficients, extrapolations of the linear functions
such as density and surface “ension over broad temperature ranges are relatively
reliable. The viscosity, and vapor pressure, aslong with properties derived from
vapor pressure, undergo significant changes with temperature. Relatively poor
values for these properties could result from large extrapolations, particularly
when equations are Aderived from data collected over a narvow temperature range.
An extrapolation of vapor pressure over a 200° temperature range could result

in errors of one magnitude or more in value. Tests and warnings also have

been incorporated into the data system to prevent extrapolation of data from

one physical state to another. Table 3 demonstrates how the system uses freezing
points (fp) (or melting points) and boiling points (bp) to classify a specified
temperature prior to calculating liquid properties. Appropriate statements

and warnings are printed along with the calculated values.

Table 3. (U) Test and Warnings

. : E—— e — .Jgiaazsnmusunar
Fr Classification Directed Action
1'

bp < T Liquid properties are calculated at bp
2, fp <TC<bp Liquid properties are calculated at T
? 3. (f£p-259¢) < T < fp Liquid properties are calculated at T and it is

noted that these values are calculated for a
supercooled liquid

. 4, T < (£p-25°C) Liquid properties are calculated at the fp

5. No fp Liquid properties calculated at T with warning
that there is no fp available

. No bp Liquid properties calculated at T with warning
that there is no bp available

-~
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3. (W) PREDICTIONS OF PHYSICAL PROPERTIES

(u) Early in the development of the physical chemical property data
system, it was realized that a great potential existed with this system for
predicting additional properties. Bretsznajader's book, Prediction of Transport
and Other Physical Properties of Fluids,2 provided much help in selecting pro-
cedures which required properties consistent with those contained within this
data system. Various empirical relationships were added to the data system

to allow the prediction of critical properties, the viscosity of vapor. and

the diffusion coefficient of vapor into air.

3.1 (U) Critical Properties.

(u) The critical density, critical temperature, critical volume, and
critical pressure are calculated using the method of Filippov.3 The property
parameters used to calculate critical properties are the density equation
constants A and B, and the molecular weight. The following equation allows the
critical density (p.) in gm/ml to be calculated at T degrees Kelvin (°K).

dp
pe = 0.253\p - T " (1)

where p is the density of compound at temperature T, and dp/dT is the derivative
of density with respect to T.

Critical temperature (T.) in ©®K is calculated using the following
relationship:

o 195 0c
[4 dp/dT ' (2)

Critical pressure (P.) in atmospheres (atm) is calculated as follows:

RTco ¢
3.83 M

P = (3)

vwhere R is 82.06 (ml atm/deg-mole), and M is the molecular weight.

The critical volume (V.) is simply the gram molecular weight
divided by the critical density.

(v) Using Filippov's method, good estimates of critical properties should
be obtained when the following criteria are met for the density equation parameters:

UNCLASSIFIED
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a. Accurate measurements were made with pure material.

b. Experimental range is in an area where the vapor density is
small compared to liquid deasity.

c. dp/dT is constant over a broad temperature range.

) For most liquids, dp/dT is relatively constant. Highly associated
liquids are an exception. Water exhibits anr abnormality at 4°C where dp/dT
changes signs. Above 40C, the magnitude of dp/dT increases significantly with
increased temperature.

(u) Filippov3 found that errors in calculating critical properties

usually did not exceed 2 percent for p. and 3 percent for T,.. Literature
values for critical properties of chemical agents contained in this report

were not available; therefore, four test compounds were added to the system.
Table 4 contains a listing of the calculated critical properties and literature
values for these compounds. Input for the test compounds consisted of molecular
weights and density equation parameters. Density parameters were derived from
literature values of density at various temperatures over a range of 25 to 35°C.
The 2-propanol was selected as a nonideal case. Due to hydrogen bonding, its
density is a nonlinear function of temperature,

41)) The estimated critical properties are in relatively good agreement with
the literature values for the first three compounds. The estimated critical
temperature for diethylamine is 22,5°C lower than the reported value; however, the
difference in absolute temperature is only 5 percent. The estimated critical
temperature for 2-propanol which is about 15 percent lower than the experimencal
value can be attributed primarily to the nonlinearity of its density versus
temperature relationship.
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3.2 (U) Diffusion Coefficients.

The method of Othmer and Chen’ is used to calculate the diffusion
coefficient of a vapor into air.

Q 1 + 1 >0. 1.23
D,,P = (2.52 X 107) w274 A S Mzo.a ) (&)
(fcl + Vc2'>
where D12 = the diffusion coefficient of component one into component
two in cm2/sec
M, = molecular weight of component one (vapor)
M2 = molecular weight of component two (air)
P = pressure in atm
Vc1 = critical volume in ml of component one (vapor)
vc2 = c¢ritical volume in ml of component two (air)
B = viscosity of air in centipoise (cP) at the desired temperature,.
(u) The V. of component one is calculated as described in the pre-

ceding section on critical properties. The value used for the molecular
weight of air is 28.958 while the pe of air is reported to be 0,35 g/ml.9
Thus, the V., of air is calculated to be 82.71 ml. In this report, all cal-
culations of diffusion coefficients are made at one atm,

(v) The viscosity of air is calculated at the required temperatures
using the Sutherlandl0 equation for the influence of temperature on the
viscosity of gases. When the constants for air® are substituted into the
equation, the following relationship is obtained:

3/2
Moir = 0.001488 T (5)

T + 120 .

where Vair is the viscosity of air at T in cP.

(u) Using diffusion coefficient literature values for 50 systems at
25°C, Othmer and Chen’ found an average absolute deviation of 5,75 percent.
In addition, they compared their calculated values for an air-water system
between 25 and 1220°C to observed values and found an average error of 7.61
percent. Citing experimental difficulties, they concluded that their method,
as well as several more complex methods, should give values within experi-
mental error,
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(u) Diffusion coefficients for the vapor iunto air for the four test
compounds were estimated in the physical property data system and included

in table 4. Estimated values agree within 7 percent for three of the com-
pounds while the fourth, diethylamine, agrecs within 24 percent, The literature
value for the critical volume of diethylamine was then used to recalculate the
diffusion coefficient yielding a value of 0.069 cm?/sec.

3.3 (U) Viscosity of Vapor.

(v) The modified Sutherland's equation shown below was developed by »
Licht and Stechertl® and is used to calculate the viscosity of gases, With-

in the pressure range where viscosity is not dependent 9n pressure, the

equation allows the viscosity of a gas to be calculated from its critical

temperature, its critical pressure, and its molecular weight.

1/6
3_ 4
4 ( M Pc \ Tr3/2
\

n=6,30 X 10 T, 47 T, +0.8 (6
where u = viscosity of vapor in ¢P at T°K
M = molecular weight
Pc = critical pressure in atm
Tc = critical temperature in °K
Tr = reduced temperature = T/T,
(v) Licht and Stechert calculated the viscosity of gases for 23 com-

pounds and found that for 19 of the compounds, estimated values fell within
10 percent of the literature values. The remaining compounds were water,
helium, ammonia and ethanol. Estimated values for these compounds were
within 21 percent of the literature values.10

(v) Table 4 lists the estimated and literature vapor viscosity values

for the four test compounds. Using the previously estimated critical pressures
and temperatures, the physical property data system was used to estimate the
viscosgsity of vapor for these compounds. While agreement within &4 percent was
obtained for the first three compounds, the estimated value for 2-propanol is
20 percent lower than the literature value. The deviation was reduced to 16
percent when the calculation was repeated using literature values for

critical properties. These results for 2-propanol are consistent with Licht
and Stechert's results for ethanol. ® |

(v) It should be noted that highly associated compounds may not give

estimates as accurate as those given by the compounds found in table 4; the i
data and compounds shown in table 4 were probably used to develop the esti-

mation techniques.

UNCLASSIFIED

14

e e e mmE—— E——— W

A R A AT AR AT AT T O Y AN TR LT e TR UL WL W, K LNy TS W v e LR o



T TR T a T AT T "

UNCLASSIFIED

LITERATURE CITED (U)

1. Penski, E. C., and Latour, L. J. Edgewood Arsenal Technical
Report EATR 4491, Conversational Computation Methcd for Fitting the Antione
Equation to Vapor Pressure-Temperature Data, February 1971. UNCLASSIFIED
Report.

2. Bretsznajder, S. Prediction of Transport and Other
Physical Properties of Fluids. Pergamon Press, Oxford. 1lst Eng Ed. 1971,

3. Filippov, L. P. Description of the Properties of Liquids in
Terms of Similarity Theory. 2Zhurn. Fiz. Khim. 37, 201 (1963).

4, Washburn, E. W. Editor. The International Critical
Tables of Numerical Data, Physics, Chemistry and Technology. 1lst Ed.
Vols. 3 and 5. McGraw-Hill Publishing Company, New York. 1929,

5. Mrazek, R. V., Wicks, C. E,, and Prabhu, K, N. S, Dependence
of the Diffusion Coefficient on Composition in Binary Gaseous Systems. J.
Chem & Eng Data. 13 (4), 509 (1968).

6. Wilhoit, R. C., and Zwolinski, B. J. Properties of
Aliphatic Alcohols. J. Phy. Chem. Ref. Data. 2, Suppl 1, 1-78 (1973).

7. Othmer, D. F., and Chen, H. T. Correlating Diffusion
Coefficients in Binary Gas Systems. Ind. Eng. & Chem. Proc. Des. & Dev.
1 (4), 249 (1962).

8. Eshbach, 0. W., and Souders, M. Editors. Handbook of
! Engineering Fundawentals. 3rd Ed. p 1504. John Wiley and Sons, New York.
1975,

9. Pickering, S. F. A Review of the Critical Constants of
Various Gases. J. Phy. Chem. 28, 102 (1924).

10. Licht, W. Jr., and Stechért, D. G. The Variation of the
Viscosity of Gases and Vapors with Temperature. J. Phys. Chem. 48, 23 (1944),

UNCLASSIFIED

15

ONAS ALV ERIN TG UL G160 B Eas EheN, 11, SRS ERRERR 0, L (F KK SR 0T LR TR Rt (TG SR LR O



N
h
N

UNCLASSIFIED

o
o~
"
]
4
o
1)
!
L)
|
.

Blank

UNCLASSIFIED

16

SLo s U e 27 LY SR N NSEN S NCAL G IV 0 0% 2 R CY, Ch A LA DAY

¥




‘Im“Wl“r.r.r.r.rr.-.- » - wm e oA 2R T e e R Te e e T e e e R

CONFIDENTIAL

'a
}
»
»
APPENDIX A
LIST OF COMPOUNDS (U)
CLASSIFIED BY: Multiple Sources
DECLASSIFY ON: OADR
-
4

(This page is UNCLASSIFIED)

CONFIDENTIAL

17

d R TSP PR E CL RISV FIRTEINI RIGERTRT ARG INLASH LRI LRLIATETNT LUEG AL SRR PR G LA SCE A AEURERR |



var:wm C e T e T R

~
"t

UNCLASSIFIED

o,

A
W
A
N

Blank

UNCLASSIFIED

18

e -— e ————

e e i R R A A R . VY KV T T R B LR Y RV LSOy S TR




UNCLASSIFIED

APPENDIX A

LIST OF COMPOUNDS (U)

Code Numberx

Code Name Name Structure
(U) EA 1033 Bis(2-chloroethyl)sulfide; C1C2H4SC2H4C1
(HD) Distilled Mustard
(U) EA 1034 2-Chlorovinyldichloroarsine ClCH=CHAsC1,
(L)
(U) EA 1036 Bis [2-(2-chloroethylmercapto) (C1C,H,SC,H,) ,0
(T) ethyl] ether T2
(U) EA 1053 Tris(2-chloroethyl)amine; (C1C2H4)3N
(NH3) Nitrogen Mustard -3
(W) EA 1205 Ethyl N,N-dimethylphosphoramido- CH3
(GA) cyanidate N\ ﬁ
-P-0-C_H
. CH | 25
3 CN
(U) EA 1207 Ethyl methylphosphonofluoridate ﬁ
CH3'|'OC2HS
F
' CH
(U) EA 1208 2-Propyl methylphosphono- ﬂ 13
(GB) fluoridate CH3-'-0-%H
F CH3
(U) EA 1209 2-Propyl ethylphosphono- ﬁ ﬁHS
(GE) ' fluoridate C2H5-l—0-%H
F CH3
'
(U) EA 1210 Pinacolyl methylphosphono- CHS' -O-CH-C(CH3)3
(GD) £luoridate

UNCLASSIFIED

19

SRR I OV AN U IRV ST AR G R A TS SRR T SR N




BTV T WINTINWN ATATL AT TATR "ENdNgYa" i e ", 9, Y, o8 9 v «

T ATAS S A NN BB K e A S -

(V)

()

)

()

0)

)

v)
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EA 1211
(GH)

EA 1212
(GF)

EA 1213

EA 1214

EA 1230

BA 1232

EA 1244

BA 1245

BA 1246
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2- (4-Mcthylpentyl)methyl-
phosphonofluoridate

Cyclohexyl methylphosphono-
fluoridate

2,2-Dimethylpropyl
methylphosp*onofluoridate

2-Ethylhexyl methylphosphono-
fluoridate

2-Phenoxyethyl methyl-
phosphonofluoridate

Methyl methylphosphonofluoridate

2-Chloroethyl N ,N-dimethyl-
phosphoramidocyanidate

Methyl N,N-diethylphosphoramido-
cyanidate

Cyclopentyl methylphcsphono-
fluoridate
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(U) EA 1249

(U) EA 1251
(DF)

(U) EA 1253
(DICL)

(U) EA 1255

(U) EA 1258

(U) EA 1261

(U) EA 1262

(U) EA 1263

(U) EA 1264
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2 Methylpropyl methyl-
phosphonofluoridate

Methyl phosphonic
difluoride

Methyl phosphonic
dichloride

2-Butyl methylphosphono-
fluoridate

1-Butyl methylphosphono-
fluoridate

1-Propyl methylphosphono-
fluoridate

1-Hexyl methylphosphono-
fluoridate

1-Decyl methylphosphono-
fluoridate

4-(2,6-Dimethylheptyl)
methylphosphonofluoridate
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CH -i—O- H-CHZCH
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CH3

{
CHs-?—OC4H9

-1

CH3— -0-C3H7

CH,-P-0-CH
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) EA 1274

(9] EA 1356

(U)  EA 1508
(VG)

()] EA 1511

(vpP)
) EA 1517

(VE)
(U) EA 1576
) EA 1622
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2-Pentyl methylphos -
phonofluoridate

(Racemic) 2-methylcyclo-
hexyl methylphosphono-
fluoridate

0,0-Diethyl S-(2-diethyl-
aminoethyl) phosphoro-
thioate

3-Pyridyl 3,3,5-trimethyl-
cyclohexyl methylphosphonate

0-Ethyl S-(2-diethylamino-
ethyl) ethylphosphonothioate

2-Ethoxycarbonyl -1-methyl -
vinyl 3-methylcyclohexyl
methylphosphonate

O-Isopropyl S-(2-diethyl-
aminoethyl) methylphosphono-
thioate

-p~
CH3 P

Q
CLHO

275" \p_sc HyN(C,H)
cznso"

(%% ,C
CHS' c

7\

— N
CZH

Hy
Hy

B-SC2H4N(C2H5)2
C Mg

g |

\\P-SC2H4N(C2H5)2

c./\

3
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(U) EA 1664
(VM)

(U) EA 1677
(vs)

(U) EA 1694

(U; EA 1699

(U) EA 1701
(vx)

(U) EA 1724
(Qu)

(U) BA 1728
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0-Bthyl S-(2-diethylamino-
ethyl) methylphosphonothioate

0-Ethyl S-(2-diisopropyl-
aminoethyl) ethylphosphono-
thioate

0-Ethyl S-(2-dimethylamino-
ethyl) ethylphosphonothioate

O-Ethyl S-(2-dimethylamino-
ethyl) methylphosphonothioate

0-Bthyl S-(2-diisopropyl-
aminoethyl) methylphosphono-
thioate

0-(Z-DiilOpropylaninoetﬁyl)
O-ethyl methylphosphonite

O-1sopropyl S-(2-diisopropyl-
aminoethyl) methylphosphono-
thioate

=D

‘Oy-sc H,N(C,H;) ,

CHs

CHg

/ -SC H N[CH(CHS);;I 2
Cc H QO

C,H
2 S\H-qc H N(CH

CZHSO

3)2

3. )
\L-sczu 4N (CH

C2H50

3)2

CH, ﬁ
~N -SCZH4N[CR(CH3)2]2

CZHSO

CH
3\p-oczu o [cu (CHy) 2]2
C,H 0

CH, ﬁ
-SCH,N [cu(cus) ] )

/
(CH3) CHO
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(V) EA 1763

(U) EA 2261

(U) EA 2337

(U) EA 2361

(U) EA 3307

(U) EA 3430

(U) EA 4349
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UNCLASSIFIED

O-n-pPropyl S-(2-diisopropyl- Hy ”

aminoethyl) methylphosphono- P-SClI,N CH(CH )2
thioate - 2
C3H70
S
0-(2-Methylcyclohexyl) .
methylphosphonofluorido- cus-p<:
thioate 0
CH3
0-Pinacolyl methylphos- §§\f
phonofluoridothioate CH T\

o- cn(cv|3)c(cu3)3

O-Cyclopentyl methyl- CHS-P”
phosphonofluoridothioate N\ —<<:::]
%§ F
2 ,5-Dimethylcyclohexyl CH3
methyl phosphono -
fluoridate
F Al
2-Methylcyclopentyl
methylphosphono -

fluoridate

Cyclooctyl methylphos- CH -P

phonofluoridate
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(U) EA 4923

(U) EA 5265

(C) EA 5365

(U) EA 5389

(C) EA 5403

(C) EA 5414

(C) EA 5488
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1-Methoxy cycloheptatriene

2,4-Dimethylcyclohexyl
methylphosphono-
fluoridate

2-Dimethylaminoethyl N,N-
dimethylphosphoramidofluoridate

0-2,4-Dimethylcyclohexyl
methylphosphonofluoridothioate

1-Dimethylamino-2-propyl
N,N-dimethylphosphoramido-
fluoridate

1-Dimethylamino-3-propyl
N,N-diemethylphosphoramido-
fluoridate

3-Quinuclidyl-N,, -
dimethylphesphoramido-
fluoridate

3
A
\ 7/
W3
N .
o 3

(CH3)2-Nmu~O-C2H4-N-(CH3)2

3
0 CH3
Hy
(CH3) 5 -N-R-0-CHCH,N(CH,)
CH,

(CHS)Z-N-T~0—C3H6-N(CH3)2
F

(CHS)ZN"?“

F
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USE OF THE ANTOINE EQUATION TO
FIT VAPOR PRESSURE DATA (U) '
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APPERDIX ¢
USE OF THE ANTOINE EQUATION TO FIT VAPOR PRESSURE uaTa (U)
{u) Vapor pressure dats playa an importsct role in the developnent of
defense against chemical agents; some areas where vapor proecsurs nlays a

critical role are listed in Taeble C-1.

Table C-1. (U) Areas in Which Vapor Preusures Plav o
Critical Role in Chemical Defeunae

Percutaneous toxicity
Fabric penetration by vapor tramsfer

Inhzlation toxicity

AT 5. R IS s SRS S

Persistency and threest calculations

Chemical decontamination activity coefficients
cf kinetic equaiions

Digsenination

N NI M LA R R IT +

PRSI,
I

I IS S e e .

w

Munition desizn

e
gae

Doctrine studies

£ T T

e

Jet exhaust decontamination

{v) The Antoine eﬁuatioul ia defined as follown:
ot - . - [Co
Log, P A-B/(t46) (o122
where P = vapor preasure,

t » temperature in centigrade, and

A

s By & C = constants.

& & B ave conntants that vary widely for different compsunde. € is @ cone
stani that dess uwei vary greatly from compound to eompound snd is frequently

‘close to 230.

H‘i
rr
ord
&

{10} A rocent dufa complilation questican the use o w Antoine equation

wnich is uged exteusively in this yeport. In wefereuce 2, it 45 stoted that

the Antoine equation fite the data well "but gives unreallucically high value:
¢ higher temperatures.” Ko justification for zhie coinion is provided.

tppendlx €




“agqustion. The Chebyshev equation produced deviatione about twice as large.’

UMNLLADSDIFIELY

(u) Table C-2 lists th. ,.asons why the Antoine equation hag heen

chosen for correlating and cxtrapolating vapor pressure data. Sowme problems
dealing with fitting data to the Antoine cquation do cccur with the current
computer program;3 see table C-3. However, studies are beinpg corductzd on these
problems and preliminary results have been reported by Celmins.

Table C-2. {(U) Advantages of Using the Antoine
Equation for Extrapolations

e

1. Numerous comparisons with other equations have been re-
ported in published literature.

2. The Antoine equation:

e accurately fite the data of hundreds of ccmpounds over
a wide range of temperatures.

is close to the Clavsius-Clapeyron equation.

.
-3

o hae cnly three parameters. i

[ERENN

o v
£

containg no polynonisla.

owve

UGNCLASSEIFIED

Pete

Tsnle C-3. (U) Problems in Using the Antoine Equation

1. Current computer program3 gives an estimate of the quality
of fit, but does not give an estimate of error of apecific
vapor pregsures.

Z. While the program fits the data very well, there are sowe
logical preblems in the routine (not in the Antoine equation)

that might reduce the quality of extrapolations. :
5 i
23, Antoine equation extrapolations close to the critical point ¢
¢ tend ts be low. ;

CHOLAZSIFIRD

(U The Antoine equation was chosen for use at CSL aftvr a careful ctudy
of *he literature and in-house testing of many equations. A number of physical
chemists participated in the decision. A more recent study tends ¢ confirm

¢he correctness of this decision. Trump? states, "In each case the Antoinc
equatino gave a cleser fit... and was therefore the preferred correclating

{0 The consensua® in the chemical literatuve is that the Sncoine
eaquation gives good fits at low temperatures; but, the extrapolationz up
reduced temperature of 0.75 with the Antoine equation result in low
vsiyes. Therefore, equations 1 and 2 {rcference 2) which give even lower
n cannot provide superior extrapolations as reported. The ervors in-

34 1L A
2. Tigure ¢-1 shows




o

UMCLASSIFIED

that equation 1 (reference 2) Joes not pase through any of the data points
and that equation 2 passes through only the top two points, an insufficient
number for the extrapolation of a curving line. Equation 2 actually goes
through a maximum vapor pressure at the highest temperatures.

10.00 ¢~

5-00 o

~10.00 }—

LOG, [VAPOR PRESSURE (TORR!)

——w= BATTELLE, EQUATION 1

seese BATTELLE, EQUATION 2 \\
1500 B e ANTOINE EQUATION- W
=T © EXPERIMENTAL POINTS N

" .20.00 ] ! L i ] i
10.00 15.00 - 20,00 2500  30.00 25.00 40.00
: : 17 1078

Figure C-1. (U) Comparison of Antoine Fquation Witk Other Equatioms.
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DATE

REQUEST FOR/OR NOTIFICATION OF REGRADING ACTION 28 November 2001

—]
FILE

For use of this form, see AR 380-5, the proponent agency is OACS!.

READ INSTRUCTIONS ON REVERSE SIDE BEFORE COMPLETING THIS FORM

TO: (Include ZIP Code) FROM: (include ZIP Code)

Defense Technical Information Center (DTIC) Commander, U.S. Army Soldicr and Biological Chemical

8725 John J. Kingman Road, Suite 0944 Commander, ATTN: AMSSB-SIS (Mr. McClain)

Fort Belvoir, Va 22060-6218 Blackhawk Road, Aberdeen Proving Grounmd, MD
21010-5424

THE DOCUMENT(S) DESCRIBED BELOW HAS/HAVE BEEN REVIEWED FOR REGRADING AND ACTION HAS BEEN TAKEN AS
INDICATED. APPROPRIATE ACTION SHOULD BE TAKEN TO MARK YOUR COPIES AND NOTIFY ALL RECIPIENTS TO WHOM
ADDITIONAL DISTRIBUTION WAS FURNISHED IN ACCORDANCE WITH AR 380-5. DOCUMENTS CONCERNING THIS SAME
SUBJECT SHOULD BE REVIEWED FOR POSSIBLE REGRADING.

DREQUEST DOCUMENT(S) DESCRIBED BELOW BE REVIEWED TO DETERMINE WHETHER THEY CAN BE DOWNGRADED OR
DECLASSIFIED AT THIS TIME. (Include justification in the "REMARKS" section of this form.)

DREQUEST APPROPRIATE CLASSIFICATION/REGRADING INSTRUCTIONS FOR DOCUMENTS DESCRIBED BELOW.

DESCRIPTION CLASSIFICATION/
CONTROL NUMBER (TYPE, FILE REFERENCE, UNCLASSIFIED SUBJECT OR SHORT TITLE, REGRADING INSTRUCTIONS
INDORSEMENTS, INCLOSURES)
oLD NEW
ARCSL-SP-83015 | Physical Properties of Standard Agents, Candidate Agents, and Related C U

ﬂx [755?‘7‘ / Compounds at Several Temperatures

PRINTED OR TYPED NAME AND TITLE OF OFFICER SIGNATURE

Marlin Julian
Chief, Edgewood Area Security Team % 2 W/
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REMARKS

Even though these documents are not classified, they are not cleared for public release. The following statement should apply.
This information is subject to EXPORT CONTROL LAWS. These documents contain techical data whose export is
restricted by the Arms Export Control Act (Title 22 U. S. C Sec. 2751, et. seq) or Executive Order 12470. Violators of these

export laws are subject to severe criminal penalties.

ACTION TAKEN OR RECOMMENDED BY RECIPIENT

1. Prepare sufficient number of copies to furnish one copy
to each addressee of the original document and one copy
for retention. Entries on form may be printed in ink.

2. Care will be taken to completely identify the document(s)

being regraded to prevent error by the recipient. All

inclosures being regraded will be accounted for. When cover-

ing document only is being regraded and there are inclo-

sures (classified or unclassified) which are not being regraded,
the symbol "n/c" will be entered in the OLD/NEW columns.

The regrading form will contain unclassified information only.
Short titles will consist of the first letter of each word in the
subject or title except when a formal short title has been assigned.

INSTRUCTIONS

3. The abbreviations authorized by DoD 5200.1-R and AR
380-5 will be used to indicate the old and new classifications
and regrading instructions. Include declassification dates.

4. When the document(s) will be regraded upon the occur-
rence of an event, the classification will be followed by an
asterisk (*) and the event described at the bottom of the
form or in the "TREMARKS" section, above.

5. When the form is used as a request for review, the need
for a lower classification for the document or documents
will be shown.
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

REPLY TO
ATTENTION OF

18
RDCB-DPC-RS FEB 2016

MEMORANDUM THRU Director, Edgewood Chemical Biological Center, (RDCB-D/Dr.
Joseph L. Corriveau), 5183 Blackhawk Road, Aberdeen Proving Ground, Maryland 21010-3424

FOR Defense Technical Information Center (DTIC), 8725 John J. Kingman Road, Ft Belvoir,
VA 22060-6218

SUBJECT: 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 for the attached listed documents.

2. The listed documents have current distribution statements or classifications which limit their
release. ECBC Subject Matter Experts have reviewed the documents and deem them all suitable
for the change in distribution to read “Distribution A: Approved for public release; distribution
unlimited.”

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

ﬂ(f%

Encl RONALD L. STAFFO
Security Manager

Printed on@ Recycled Paper
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