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ABSTRACT

Thermodynamic properties of carbon disulphide have been evaluated up to
a temperature of 750°K and a prassure of 300 atmospheres using Martin and Hou
equation of stats, Tables of thermodynamic properties and a temperature

entropy diagram are presented.

SURVEY oF ExisTING Dara

1. Molecular Weight and Critical Dala:

The available critical constants of carbon disulphide are presented in
Table L.

The data earlier than 1880 is not considered for this work.
used by Hannay’ was digested over sodium and distilled from quick lime into
a smali flask and stored over sulphuric acid under a bell jar. Calibration of
the thermometer was made daily and the mean probable ercor was fixed at
0.16°C.  For the measurement of pressure, hydrogen was used as a reference
gas. The probable error in the measurement of pressure is siated to be about

0.07 atmospheres.

The sample
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TarpLy 1

Molecular weight and crivical constani's o f carbon disulphide
Molecular weight of carbon disulphide=76.142

Year Investigator Te, °K P, atm. gmf}fc.c. Method Reference
1821 de la Tour 548.16 7.8 a 12
1874 Avenarius 549.16 ... a 1
1878 Sajotschewsky 544.96 74.7 . P 22
1880 Hannay and Hogarth 546.12 779 a 8
1882 Hannay 550.84 78.14 a 7
1890 Battelli 546.16 72.87 0.377 &4 2
1890 Galitzine 552,76 ... e E 5
1898 Mathias .. 0.441 c 17
1943 Fischer and Retchel 552.16 ... b 4
Values selected 552.16 78.0 0.44

a = disappearance of the meniscus.
b = disappearance of the droplets after the meniscus has broadened.

¢ = law of rectilinear diameter.
7% == Methods unknown.

Fischer and Reichel® determined the critical temperatere by the micro-
melting apparatus, The refractive judex of the sample of carbon disulphide
used is stated to be 1.6278.

The data of Fischer and Reichel® for the critical temperature agrees well
with those of Hannay’ and Galitzine®. The data of Hannay’ for the critical
pressure was selected as the most probable. Critical density was delermined
by Mathias by the law of rectilinear diameters. Hence, this value is sclected,

Thus, the critical constants used for this work are:
T, = §52.16°K ;
P.=78.0 atmospheres ;
and d, -0 44 gm/ce.

2. Vapour Pressure

Vapeour pressure of carbon disulphide has been determined by various
investigators, including Henning and Stock®, Siemens’®, Rex?®, Waddington
et al® and Hansay’. The available data along with the range of availability
are presented in Table II, Excepting Waddington er o/.*® no investigator has
reported the extent of purity of sample used.
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Waddingtor et al.®® determined the purity of the sample to be 99.98
mole % by the time-temperature freezing point method. Vapour pressures
were determined by ebulliometric method. Their data extend up to a pressure
of about 2.7 atmospheres. The data of Siemens® extend up to 1 atmosphere
pressure. The suthor claims an accuracy of 0.1 mm Hg. Vapour pressure
data up to the eritical point are presented in the International Critical Tables!''.

Tasre 11
Vapour pressure of cardon disulphide
Year Investigator tem];;;%ax%f oK pr:;:‘?if g{m. Reference
1880 Wullner and Grotrian 293 - 358 0.4 -3.0 30
1832 Hannay 313 - 550 0.8 - 78.1 7
1906 Rex 273 —303 0.17 —0.57 20
1913 Siemens 194 — 319 0.0~1.0 25
1921 Henning and Stock 248 284 0.04 ~0.28 9
1928 International Critical 203 —546 075 1
Tables .
1962 Waddington et al. 277 353 0-2.7 28

In general all the available data are concordant. HMowever, at higher
temperatures the data of Hanpnay’ are lower than those presented in the
International Critical Tables. This may be possibly because of some error in
the reasurements. Hannay’ reported a value of 78.0 atmospheres, at 550°K
and 550.84°K. For this work the vapour pressure data of Hannay were not
considered.

All the data were comhined apd smoothened taking into account the
selected critical point. More weightage was given to the data of Waddington
et al, and the data presented in the International Critical Tables. The data
were fitted to the equation:

10g P~ A+B[T+Clog T+ DT {1

where, 4 =4.299296

B = —1385.15367

C = —2.087939 x 1072

D = 2.929449 x 1074,
Gver a pressure range of 1 — 78 atmospheres, the equation predicts vapour
pressures with average absolute and maximum deviations of 0.48 % and 09%
tespectively. Below I atmosphere, the smoothened data were used.
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3, Density of Sawurated Liquid and Vapour:

Density of saturated liquid has been determined by Schewen, Thorpe?,
Lowry™, Seitz et al 2 and Tyrer’”. Table 111 gives these data aoag with the
range of availability. Accuracy of the data is not reported,

ANl the data agree very closely, the differences not excetding 0.2%.
Hence all the data were combined and smoothened.

Saturated vapour densities are presented in the Iaternatioml Critical
Tables'!. The data were smoothened and were used for this investigition.

TasLe [II

Sarirated liguid densities of carbon disulphide

Y ear ‘ {nvestigator Range of temperature, °K Reference
1880 Thorpe 273.2 - 31i9.2 26
1912 Schwers 286.6 - 307.1 23
1514 Tyrer 273.2 ~312.2 27
1914 Lowry 293,16 13
1916 Seitz ez al. 163.2 — 283.2 24

The saturated vapour densities wherever mnot available were evaluated
using Martin and Hou equation of state {Equation 5).

Thesaturated vapour densities — available and calculated - and the satu-
rated liquid densities were plotted ard a smooth curve was drawn. The saturated
liguid densities accepted for this work were taken from the smooth curve
taking into consideration the observance of the law of rectilinear diameters.

4. Heat Capacity of Ideal Gas:

Heat capacity of carbon disulphide in the ideal gaseous state have been
determined by Cross®, Waddington e¢ 2.2, and by Gordon®.

Gurdon’s data are for a rigid rotator harmonic oscillator approximation,
but includes the anbarmonicity correction.

Waddington er al’®, have taken account of centrifugal stretching,
rotation-vibration interaction, vibrational anharmonicity end effect of isotopic
composition. Fundamental constants recommended by Rossini er al?' were
used.  Also. their data agree with their experimental heat capacity data.
The data of Cross®, Waddington ef al® and Gordon® all agree within
about 0.1%.
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The data of Waddington efal, was fitted over a temperature range of
273 - 1500°K to the equation :

Cr =a+bT 4 e +dr? 12

where, a =7.130
b= 1.596 % 1077
= —1.234 % 107%

and d =3.363 x 107%,
Equation {2} predicts heat capacities with average absolute and maximum
deviations of 0.21% and 0.6.2% respectively.

5. Heat of Vaporization :

Heat of vaporization of carbon disulphide has been experimentally
determined at the normal boiling point by Mills®, Mathews's and Wirtz®,
Waddington ef al®® determined the heat of vaporization over a temperaturs
range of 282 . 320°K. Mills®, Mathews' and Wirtz*® did not give the extent
of purity of the sample used. The sample used by Waddington et ai®® is
stated to be 99 98 moley pure. All these data agree within 19%. Heat of
vaporization has been tabulated in the International Critical Tables!! and the

Hand Book of Physics and Chemistry™,

All the data were combined and smoothened. However more weightage
was given to the experimental data. The smoothened data were found to
zgree with the actual values with a maximum deviation of 1%.

The smoothened dita over a temperature range of 250 —420°K were
fitted to the equation:

K

X o (T, - T

where, Ag=27.509
n=040.

Equation [3] predicts the smoothened data with average absolute and
maximum deviations of 0.69% and 1.74% respectively.  Over this range the

lausius-Clapeyron equation, namely,

AH, = (dP/dTY TV, - 17 [4]

predicts the data with average absolute deviation of about 2.5%. Above 2

temperature of 420°K heats of vaporization were evaluated using Equation {3].
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CALCULATION OF THERMODYNAMIC PROPERVIES

For the calculativn of thermodynamic properties Martin and Hou
equation of state, namely,
po RT A2+ BT+ Crexp (~KTJT) Ass BT+ Cyexp (= KT/T)
(V- boj (¥-bo)’ (7 —bo)

4y BT+ Csexp. (~KT[T)
* (¥~ &) N (F— ooy’ 4

with X =5.475 has been used.
The constants evaluated by the method outlined by the authors® are:

bo = 457371 % 1072
Ay a ~ 12.362892
By = 6.5174345 % 107°
Cp = — 424.13465
Ay = 1.3361083
By = — 63478989 % 107*
Cy = 58190466
Ay = —7.198832 x 1072
Bs =  3.5879031 x 10°¢
Cs = —6,801570 % 1072

In the region of available data Martin and Hou Equation was found
to predict pressures with average absolute and maximum devistions of 1.95%
and 6% respectively. These are shown in Table LV,
Entropy and Enthalpy of the Superheated Vapour :

Considering the entropy and entbalpy to be functions of volume and
temperature, we have,

d8=(38/2T),dT+(38/a V) aV (e
Using Maxwell’s relations, we obtain,

dS=(Cr [T)dT+(P/oT)ydV i
Using dH = 7dS 4+ VdP in Equation [7] we obtain,

dH = C; dT + T(3 P[> T)y dV 4+ VdP
= C AT +d(PVY ~PAV + T (3 P[> T)p dV [8]
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Tapre 1V

Comparison of calculated pressures

301

Peato.
Tirlr(lp' P. Atm. (Thi: %?/lgrk) Dev;y;tion (O'Bﬂ?en) Dovioé’tioﬂ
Alfordl®)

330.0 1.40¢ 1.379 1.49 1.407 - Q.521
340.0 1.88 1.847 1.76 - 1.889 —0.50
350.0 2.48 2.422 2.35 2.484 -~ 0.16
360.0 3.20 3.120 2.48 3.208 —~0.26
370.0 4.09 3.985 2.58 4.106 -0.39
380.0 5.19 5.057 2.57 5.223 - 0.63
390.0 6.45 6.263 2.90 6.477 -0.43
400.0 792 7797 1.56 8.078 -1.99
410.0 9.70 9.438 2,70 9.746 —0.47
420.0 11.70 11.406 2.52 11.82 —1.04
4300 14.00 13.871 0.93 14.379 - 271
440.0 16.70 16.607 0.56 17.187 —2.98
450.0 19.75 19.767 ~ 0.09 20.430 - 3.44
460.0 23.15 23.246 —0.41 23.943 -3.43
470.0 27.00 27.598 - 2.21 . 27.922 - 3.42
480.0 31.25 33.026 — 5.68 33.617 -7.58
490.0 36.10 38.255 —5.97 38.466 ~6.55
5000 41.60 43.530 — 4.64 43.016 ~3.40
510.0 47.60 49.313 —3.60 47.481 0.25
520.0 54.20 55.443 ~2.29 51.290 5.37
530.0 61.50 61.908 —0.66 53.595 12.85
535.0 65.00 65.264 — 0.41 53.698 17.3%
§40.0 68 80 68.760 0.06 52.260 24,04
545.0 72.55 72.409 0.19 47.145 35.02
550.0 76.25 76.227 0.03 30,396 60.14
552.16 78.00 78.000 0.00 15.488 80.14
Average absolute

1.947 10.58

deviation%
Deviation m (P — P,y )/P
*Smoothened experimental data
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From Equation [5] we have,

R B, (/T Cyexp. { KT/T))
(dpldT)y = T + TP
+ By~ (K/T,) Cyexp.( ~ KT/TC) Bs + Cs (KT, exp. (~&7/7)
(V—bo) Wesy W
Using Bquations {7] and [8],
s=[(cy[T)ar+ [(a Plo T)yav [iq]
and
H=f{cYar+ [ TG P> TYvdV - [ PV + PV ]

Using Equations {2] and 9] in the abovas equations. and carrying out tha
integration, we obtain expressions for entropy and enthalpy as:

Sela—R) In T+ T+ (/DT + (d[3YT° + R In (¥ - by)

B By B
{(V~by) 2(F-bF a(F-by*

Cy Cy Cy _ .
+[(V_bo)+2(y_bo)z+4(V_b0}¢](K/T‘)exp‘( KT/T) + G [13)

and
Helaw 2T+ (3/2) T4+ (ef3) TH4 {a)a) T*

+..2+(1+ KIT) Cy exp { — K11 A1+|u<ff,7)( exp. (- KT/T)

[CH (¥~ By

NP +(1+7<T/73quw (~g7IT)
RIS 4 (Y~ Rp)*

+ P¥ o RT+ Cy {13

whers Cg and Cy are the constanis of integration,

Iu the present work the reference state chosenis H w0 and S+ R /s P=0
for clements.

Entropy value at the normal boiling point was svaluated using the ideal
ges thermodynamic properties and the Berthelot correction, Enthalpy at the
normel boiling poini was evaluated by making use of the heat of formation at
0°K, the ideal gas thermodynamic properties and the Berthelot correction for
enthalpy. The integration constants €y and ' wers evaluated usingthe
values of eatropy and enthalpy at the normal beiling peint,
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Entropy and enthalpy of the superheated vapour were evaluated by
making use of the calculated specific volume in Equations {12] and [13].

Entropy and enthalpy of saturated vapour were evaluated by using the
experimental specific volumes in Equations [12] and [13]. Wherever the
experimental data were not available these were calculated vsing Equation [3]

and were used.
Entropy and Enthalpy of the Saturated Liguid:
The entropy of vaporization is related to the heat of vaporization by the
relation
AH,=TAS, [14]
The entropy and enthalpy of the saturated liquid were calculated using the
equations
S§i=8,~ AS, [t5]
Hy= Hy~ AH, {16}

INTERNAL CONSISTENCY OF THE TABULATED RESULTS
The relation dH = TdS + VdP may be used to check the internal consistency
of the entropy and enthalpy values.

At constant pressure,
dH = TdS {17

Hence, dff = d (TS ) — SdT from which,
2
H} =T3S~ T S, — [ SdT [18]
1 .

Internal consistency checks were made for superheated region by using
Equation [18]. The definitc integral in Equation [I8] was evaluated by
Simpson’s rule. Table V gives the comparison of calcnlated and tabulated

values of changes of enthalpy A H for 5 isobars.

TasLe V
Comparison of thevaluesof &4 H
I;?rtx’-;a,r Rangeo?(f temp. AHeater AH Tables % Deviation
1.0 350 — 750 5131.0 5129 0.04
100 450 - 750 41785 4180 0.04
100.0 570 ~ 750 5438.7 5444 0.10
200.0 670 — 750 2348.5 2350 0.08

250.9 690 — 750 1606.1 1608 0.12




304 I3 N. Spsuapni, ID. S ViswanNaTa awbd N, R. Evioor

RESULTS AND DISCUSSION

The properties of saturated liquid and vapour are presented in Table Vi
and of the superheated vapour in Table VIIL

Thermodynamic properties of carbon disulphide were evaluated earlier
by O’Brien and Alford”. These workers used Beattie-Bridgeman equation of
state for the evalution of thermodynamie properties. The Beattie-Bridgeman
equation of state cons':nts were evaluated by using the generalised constants
given by Maron and Turnbull*,

The critical tcmpcralure and pressure used by O’brien and Alford®,
pamely 7, = 546.16 °K and P.=750 atmospheres corre%pond to the data prior
te 1900. An authoritative review of Kobe and Lynn'? gives the constants as
T, = 552.16"K and P, —=78.0 atmospheres. Hence, it can be seen that G'Brien
and Alford did not use the correct set of critical constants,

Using the correct set of critical constants, the constants of the Beatije.
Bridgeman equation were calculated. The constants were found to agree
well with those calculated by O’Brien and Alford™.

A comparison of Martin and Hou equation and the Beattie-Bridgeman
equations with the experimental data are made in Table IV for the saturated
region. Around the critical region Beattie-Bridgeman equation fails to
predict pressures satisfactorily However in the low pressure regions a good
comparison could be ssen. A comparison of the two equations in the
superheated region is highly desirable, but could not be made owing to lack
of data. In general it is belisved that the data calculated in this work s
superior o the data of O'Brien and Alford"” as it can predict propentics
around the critical region and also at high pressures.

Calculation of thermodynamic properties of carbon disulphide were
made up to a temperature of 750°K and a pressure of 300 atmospheres. The
calculated properties are represented graphically as an entropy temperature
diagram and is shown as Fig. 1,
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TEMPERATURE = ENTROPY
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NOMENCLATURE
4,B,C, D, — Constants in Equation [1].
a b, c d, — Constants in Bquation [2].

b(’) AZI BZ) C’_’.)
43, B3, C3, 44, - Constants in Equation [5]

Bs, Cs, K

[o8 - Hezat capacity at constant pressure, cal‘/gm. mole *K.

o8 — Heat capacity at constant volume, cal./gm. mole °K.

Cs, Cy — Constants of integration in Equations [12] and [13]
respectively.

H — Enthalpy, cal./gm. mole.

P -- Pressure, atmospheres,

R — Gas constant, liter atm/gm. mole K.

s — Euntropy, cal./gm. mole °K.

T — Temperature, K.

v — Specific volume, litres/gm, mole,

AH, — Enthalpy of vaporization, cals./gm mole.

AS, ~ Entropy of vaporization, cals./gm. mole K.

Superscript ;
* — Properties at zero pressure or ideal gaseous siate.

Subscripts

< - Critical point.
g - Gas or vapour.
! - Liquid
P - Pressure
T — Temperature
4 ~ Volume.
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