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ABSTRACT
T‘u:mvodymmig properties of phosgene have been evaluated
ture of 00K and 2 p‘evsme of 150 atmospheses using Martin and Hou
The results ax@%?ﬁ‘;smad in tabular form ard a&s an eniropy-
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eguation of staie.
temperature disgram.

I NTRODUCTION

Pliosgens is used in chemical warfare. [t s also wsed as an i
capable of producing s wide wvariety of new proda is in very
solvents to plast However, thermodynzramic daty wwed

ta
be purposes of design aure completely lacking.  Heace it is desirable to kuow

tag the semic properiies of phosgene.
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| and Mathien® Fractions iy distilled the industrial phosgens 1
remove contaminants consisting of sulfur compounds und remos
by coaract with mercury for 24 hours,
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ng & relatively pore sample, Germann and Tavier® repeatedly
nutzd commercial phosgene. However, these invesiigators ”omd fiat
condenss the sample completely at constant pressure.  The tomp e of
iisappsarance and reappearance of the weniscus were found o be 4;4 96
K respectively,  The critical pressure found by observation was
pheres where as by exirapolation of vapour pressure curve, o wa
e “3 & atmospheres, The value reported by these investigators
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heres ati 18 awupi critical temperature-  Hence o
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ity was deternijned by using the law of rectilinesr dlametens
ibe density data of Paterno and Mazzuchelli’, by Germsns

n, the critical data of Germann and Taylor® heve
been *xaed ical constants used for this work are :
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T, =455 167K
P.= 56,0 atms,
o 0,52 21
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1. Fapour préssute

The vepour presture data of phosgene has been experimentally deter-
mined by Aikinson e all, Paterno and Mazzuccheih!', Germann and Taylor®
.nd Giaugue and Jones®, '\I'apour pressure data is also presented in the
sternatsonal Critical Tables®, Table 2 gives the svsilahle dota atous with
he rapge of availability.

The method adopted by Germann and Taylor® for the purification of the
sumg}c used is mentioned earlier.  The vapour pressure data are stated o be
wegurate to 0.1 atm.  The sampie used by Giauque and Jones® is stated (o be
39993 ”ﬂxoiA % pure. However, the accurevy of the vapour pressure data are
rot reported.  Paterno snd Mazzucchelli'' have not reported the accuracy of
the duwr.  Germann and Tavior® determined vapour pressure of phosgene
temperature regions, numely 273 16 — 301.06 K and 410.26 — 455 16 K.

I

ot

OVET W
The:z 3111hus fitted their data to the equation:
Tog P=4.4559 — {(1207.9/T) + {13287 7% 113
where Tis in K and P is in atmospheres.
Tasre 2
Vapour pressure of phoqgcm,
Range of R.mg: of Reference

nyestigator Y
Investigato Tcﬂpemture 1 Pressure, atms.

1926 Atkinson ¢f al. e 193.16-373.16 G.00-16 07 }
1920 Paterno and Mazzuc-

chelli s 249.74-294 29 0 28-1.75 it
{926 Cermann and Taylor 273.16-435.16 0.73-56.00 4
Iy2%  International Criticel

Tables s 2BL 11453010 1.00-36.60 9
1948 Giaugue and Jonss .. 215.48-281.10 0.03-1.02 5

The vapour pressure data was caleulated using Equation [!] apd was
found to be in very good agreement with that presented in Internationak
Crirical Tables.

For this investigation, the vapour pressure data zbove 1 atm. has been
tzken from the Intermational Critical Tables. Below @ atin., the data of
Giavque and Jones® has been used.

Giaugue and Jones® fitted their data to the equation:
log P 7.7994 — (1690 3/T ) — (7.8981 x 10737} + (5.5847 < 107 7%) [z}

. P P Byr
where, £ s in aimospheres and 7"is in K.
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Bquation [2] predicts the vapour preseure data with a maximum diviatiog
of 0.1%.
In the present work, the vapour pressure data above 1 atm, was firted =
the equation,
log P= A +{B/T})+Clog T+ DT Bl

swhere, A= 3.7349229
B = ~1290.8709% .
C == 0.41355479
D — 55134925 x 107%

This equation predicts vapour pressure data® with average absolute and
maximum deviations of 0.1% and 0.23% respectively.

For this work Equations {2] and [3] have been used.

3.  Saturated Liguid and Vapour Densities:

Saturated Liquid and Vapour Densities of phosgene have been determined
over & temperature range of 163 to 323 °K by Atkinson ef al' and over a
temperature range of 258 to 455 °K by Paterno and Mazzucchelli*.

Both the investigators did not mention the purity of the sample used and
the accuracy of the data. Vazpour density of phosgene has been determined
by Paterno and Mazzucchelli'! over a temperature range of 333-455 °K.

Liguid and vapour density data over a temperature range of 28] to
455 °K. are presented in the International Critical Tables’. For this investiga-
tion all the available data on the densities of saturated liquid and vapour
were combined and smoothened. Smoothened data have been used for this
investigation. The smocotheped dats agree with the raw data within a
maximum deviation of 1%,

4. Hegs CQupacity from Calorimetric Data:

Heat eapacity of phosgene over a temperature range of 15 °K to 280 °K
has been determined by Gisugue and Jones®,  As stated earlier, the sample
used by these investigators was very pure.  Later, in a careful study Giaque
and Ou® found, that the data of Giauge and Jones® below a tempeiature of
118.3°K was applicable to pure solid II and above this temperature, to solid L
These authors have presented heat capacity data for solid I, which is the most
stable state and also for solid II.  The accuracy of the data are not reported.
The entropy evalvated using the heat capacity data of solid 1 at 280 7t K
(normat boiling point) is in very good agreement with their entropy calculated
usinglspectroscopic data.
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5, Heat Capacity of Ideal Gas :

Heat capacity of phosgene in the ideal gaseous state have been evaluated
by Thompson'?, Gordon and Goland” and by Giauque and Oti. Giauque
and Ott used the constant recommended by Rossini er ¢/.'? and Dumond and
Cohen®. The data of Gordon and Goland’ deviates by about 5% with the

data of Giauque and Ottt

For this investigation, the data of Gilauque and Ott has been used. The
heat capacity data of Giauque and Ott was fitted by the method of least

squares to the equation @

Croa+bT+cl? +dT° {4}

where, @ = 3.3388
b= 56707 x 167
¢= —8.8784 x 107°
d=154200x10"%

Equation [4] predicts heat cupacity data with maximum and average
absolute deviations of 0.03% and 0.02% respectively. For the calcmlation of
thermodynamic propesties, Equation [4] has been used.

6. Heat of Vaporization:

Heat of vaporization of phosgene has been experimentally determined
by Giauque and Jones®, No other data is available on the heat of vaporiza-

tion of phosgene.

As already mentioned, Giauque and Jones® used very pure sample of
phosgene. They claim an accuracy of 99-9 %.

Heat of vaporization was calculated using Clausius-Clapeyron equation,
viz., AH, = (@PlaT)T- (Vo= Vi) {s1

5y making use of the experimental specific volumes. The heat of vaporization
salculated at the normal boiling point agrees within 2% with the experimental
lata of Giauque and Jones®.
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CALCULATION OF THERMODYNAMIC PROPERTIES

For the caleulation of thermudynamic properties Martin and Hau (MHs
equation of stats:

P _RI_ At BT+ Credp (- KT[T) A2 =BT Csexp {~K7]7)
STl (V- bt (7 — o)
As BsT + Cs_=xp. L~ KT{7) iel
e T =ty

with X = 5.475 has been used.

The corstants in Equation {6), evaluated following the proceduns
outlined by the authors'® are !

by = 0-04516972

Ay = — 16-059997

B, = {-2038081 x 10 %
Cy = 142-96485

Ay = 2-0331332

By= —1-3197412 x 1673
Cy ~ —22-568742

Ag = — 9-005015 » 1072
Bs = 5-0038055 = 107°
Cs = 3-849143 2 1072,

Using the available experimental specific volumes of saturated vapour in
Equation [6] pressures were computed.  For 21 points tested, the average
absolute and maximum deviations wers found to be 1-23% and 3-08%
respectively. Such a comparison is shown in Table 3. Comparison could
oot be made in the superheated vapour region because of lack of data.

Specific volumes of saturated and superheated vapour were calculated
using Bquation {6] by making use of Newton-Raphson iterative method on
iBM 1620 digital computer, for various temperatures and pressures,

Entropy and Enthalpy of the Superheated Yapour:

Considering the entropy and enthalpy to be fupction of volume
temperature, we have,

29 = (> S/> Thy AT+ {2 8/ V) dV {71
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TasLE 3

Comparison of Calculated Prossures

T, °K P, atms PCOM, atms. % Deviation
3400 6.295 6.0908 3244
350.0 8.100 7.9941 i.308
360.0 10.21 10.1397 0.688
370.0 12,72 12.6762 0.344
380.0 15.70 15.4213 1.775
385.0 17.40 17.00% 2.247
390.0 15,15 18.673 2.481
395.0 21.10 20.449 3.085
440.0 23.00 22.384 2,677
405.0 25.15 24,592 2.219
410.0 27.50 26.98 1.892
415.0 30.05 79.6126 1.410
420.0 32.55 32.456 0.281
425.0 35.50 35.208 0.822
430.0 38.45 38.278 0.448
435.0 41.50 41.551 ~0.124
440.0 44.80 44,881 — 0.180
445.0 48.15 48.317 —0.347
450.0 51.95 52.013 -0.121
435.0 35.95 55.883 0.119
43516 56.00 56.000 0.0C0

% Deviations=(P-—PCOM)/P x 100

sing Maxwell’s relations, we obtain,
dS={(C [ TYdTr+ (3 P{3T)pdv {s}

sing dH = TdS + VdP in Equation [8] we obtain
AH = Cr dT + T(> P[> T)ydV + VdFP
= CY dT +d(PV) ~ PAV + T{(a PJs Ty dV [s]
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From Equation [6] we have
R__ B (/7Y Cexp. (- KT/7)
(7 bo} (V- k)

33—(@ 2V Cyexp { KT/TC) By + Cs {R/ T esp. { -~ KTYT)) Tl
V- Boy {(v- Bo)® -

(dpldT )y =

Using Equations [8] and [9],
S=J{C]TYdT+ [ {5 Pj2 T)pd¥ [1]
and .
Hef(Cl)ar+ [ TP TY, dv -~ [ PIV + PP [17]

Using Equations {4] and [10] in the above equations and carrying out the
integration, we obtain expressions for entrory and enthalpy as:

Se{a= 831 T=bT+{e/0T2+ (d3)T3 + R In (¥~ by)

By Bs B

(Vobo)  Z(F bl (V- by

*%k Cy Cy Cs
(¥~ By) ¢(V—bo)’ 4(V by t*

] (K/Texp. (- KT/TY + Cs (13)

and

Haflaw2)T+(0/2) T3+ (3} T+ (4/4) T*

'Ae+(‘+KF/T)Cyexp( K77} A3+(I+AT/T‘;£2“\D( KT}

(¥~ o) (7 - by)?

4y {1 KTIT) Csexo { —KT/TH

PO + PV - RT-C 4
MEXT AN 4 (Vb * T-Ca [l

where C: and Cy are the constants of integration.

Reference State :

The reference state chosen depends upon the available data. The
reference state chosen should ficilitate easy comparison and utilization of
the tabalited dita, The refe.ence state H-0 and §-~ R In 2 -0 for
elements® is-appiicable for pure substances and alse for pure substances
that undergo a chemical reaction.
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In the present work the reference state as given above has been used.

Entropy value at the normal boiling point was evaluated using the
jdeal gas thermodynamic properties and the Berthelot correction. Enthalpy
at the normal boiling point was evaluated by making use of the heat of
formation at O°H, the ideal gas thermodynamic properties and the Berthelot
correcijon for enthalpy  The fotegration constanis Cs and Cy wers evaluated
using the values of entropy and enthalpy at the normal boiling point.

Entropy and enthalpy of saturated vapour were evalvated by using
the experimental specific velumes in Equations [13] and [14]. Wherever
ite experimental data were not available these were calenlated using Equation

[t] cod were used.

Entrepy and Enthalpy of the Saturated Liguid .
The entropy of wvaporization js related to the bheat of vaporization
by the relation
AH,=TAS, [15}
The entropy and enthalpy of the saturated liquid were calculated nsing

the equations
S§=S, - AS, [16]
Hy=H, - AH, {7

The properties of saturated and superheated phosgene are presented
in the graphical form as Fig. 1.

Internal Consistency of the Tebuiated Results :
The relation dH = TdS + FdP may be used to check the iniernal

copsistency of the entropy and ¢nthalpy values.
At constant pressure,

dH = TdS [18]

Hence, 4H = d {T'S) — §4T from which

2
H}= 738, - T\, — [ 84T [19]
L
Internal consistency checks were made for superheated region by using
E.qualion [19]. The definite integral in Equation [19] was evaluated by
Simpson’s rule. Table 4a gives the comparison of calculated and tabulated
values of changes of enthalpy A H for 5 isobars,
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TasLe da

Comparison of the valnes of &4 H

Rangeo%f temp. A Heare AH tabres % Eaviation
240 — 600 5500.0 5501 6.02
300 - 630 4706.0 47C4 0.04
380 — 600 3584.0 3583 0.03
460 — 600 2760.2 2760 0.01
540 — 600 1466.7 1463 0.08

MUMENCLATURE

A B C D

a boed

by, Ao, By, G,
Az, By, C3, Ay,
By, Cs, K

oy iy b‘z:“;?«ﬁ{}
(3
m

AHy
ASy

Supers ript

Subscripts

- My e o

Constants in Equation {3}
Constants in Bquation {4)

Constants in Equation [6]

Heat capacity at constant pressure, cal./gram mole K
Heat capacity at constant volume, cal. [gram mwole "K
Constaats of integration in Equations {13] and [14]
Enthalpny, cal./gram mole
Pressure, atmospheres
Gas constant
Butropy, cal./gram mole ‘K
Temperature, K
Specific volume, litres/gram mo &
Enthalpy of vaporization, cals, /gram molc
Entropy of vaporization, cals Jeram mole K

Properties at zero pressure or ideal gaseous staie

Critical point
Gas or vapour
Liguid
Pressure
Temperature
Volume
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