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ABSTRACT

The wvirial coefficients can be obtained from statistical

mechanics in connection with the intermolecular potentials.

The intermolecular potential of polyatomic

molecules is

usually assumed to consist of a spherically symmetric com -
ponent plus a contribution due to asphericity of the mole -

cular charge distribution. In this study,the second wvirial

coefficients have been calculated for N2,Co,and SF6 from the

Lennard—-Jones (6-12)potential. The results are in good agree-

ment with those obtained experimentally.

INTRODUCTION

The intermolecular potential

energy of polyatomic molecules is
usually assumed to consist of a spheri-
cally symmetric component plus a con-
tribution due to the asphericity of
the molecular charge distribution .
The latter contribution is less impor-
tant in spherically symmetric mole -
cules. Yet much progress has been
made in describing the forces between
spherically symmetric molecules like
those of Noble gases. Lennard - Jones

proposed for interpretation of these

systems his famous potential energy
model in 1924]1]. Subsequently a few
other potential models have been
presented by other investigators,e.g.
"11-6-8"model of Klein and Hanley[2].
The extended law of corresponding
states of Kestin,Ro,and Wakehaml3]has
provided the correlation of low-den-—
sity equilibrium and transport proper-
ties of the monatomic gases and
their mixtures with an uncertainty
~ommensurate with the experimental
accuracy. A semiempirical potential

formula for Argon with new parameters
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has been formulated by Ahlrichs and
coworkers[4]. Aziz and Chen[5] have
proposed six models HFD-A,HFD-B,HFD-
C,HFD-D,HFD-1,and HFD-II which are in
more consistent with theoretical and
experimental results. Based upon com-—
.parison of theoretical and exXperimen-—
tal results,they preferred the HFD-C
for moderate and high temperatures .

While much progress has been made
in describing the thermodynamic pro-
perties of assemblies of molecules
with spherical symmetry,there are
many molecules whose force fields
depend on their relative orientations.
In this regard,molecules possessing
permanent dipole moments form an im—
interactions

portant class. Thelir

have been discussed in terms of an
intermolecular energy represented by
a central force term together  with
the interaction of point dJipoles

Such a model was first used by 5tock-
mayer [6] who supposed that the central
forces were of the Lennard - Jones
type,that is,an r_6 term describing
the attractive dispersion forces and

an r term(s > 6) representing the

repulsive forces of short range

caused by the overlap of electron

clouds. However,the Stockmayer force
field is a simplification of the true
position. Buckingham and pople (7]
proposed that in addition to the in-
teraction of permanent dipoles,other
orientation forces,sucn as dipole-

induced dipole interaction,gquadrupole

forces,and the effect of molecular
shape may be important.

Spurling and Mason[8]analyzed the
viscosity data for nine gquadrupclar

gases with the. collision integrals

for a 12-6-5 potential in order to
obtain the parameters of the spheri-
cal component of the potential. These
parameters were then used in conjunc-—
tion with experimental second virial
coefficients to determine the quadru -
pole moments and shape parameters
of the molecules. Boushehri and

Attaran [ 9)]calculated the second

virial coefficients of polyvatomic
gases from the ptotential model
HFD-I.

In this study,second virial coe -
fficients of some polyatomic gases

(N ,CO,SF6)have.been calculated using

2

the Lennard-Jones(6-12)potential.The
results are in satisfactory agree -
ment with presently available experi -

mental data.

CALCULATIONS

If two nonspherical melecules in-

teract,the potential energy will

depend on the relative spatial corien-

tations of the molecules as well as on

their separation distance.The goal of
the present paper is to calculate the

second virial coefficients for N_,CO,

2

and SF. gases by taking into account

6
the following terms of potential

model used by Buckingham and pople

(7].

36



Iran.J.Chem.& Chem.Eng., Vol.10,No.1,1991.

Pure Res.

Y * * * *

B (T )=B (12-6)+B (guad)+B (anis)
+B*(quad—dipole)+B*(quad—ind dipole}
+B*{quad X anis)+...

(1}
second

*
virial coefficient,depends onlyon T

*x* *
Here B (T ),the reduced

and is edqual to B(kT/Eo)/(zNoGj/3) ‘

where a}is the depth of potential

well,and oois the distance in which
the repulsive potential equals to the

attractive one. Expressions for the

first few terms in each of the major

contributions to nonspherical portion
. .

B
ns

Table 1,tabulates the calculated se-
cond virial coefficients of 1J2, Cco
and SF

6
via equation 1. The scaling parame -

as a function of temperature

ters and the dimensionless quanti -

* *
ties T =T/{c_/X),B =B/(21N,0o°/3) .
* 3015 *
= B8 =8
u* g{(eo . ) /(e:O
a =qa /003 are taken from Ref.[11)],where

05)5 , and
0

p is the dipole moment. The average

polarizibility a is given by a=

(c}1+2a])/3,where all is the pola-
rizibility along the axis of symmetry
and al is pefpendicular-u:the axis.

The gquadrupole moment § is defined
by:

2 2
g=Le. (2. - X))
i1 1 1

where ei is the ith element of charge
and Xi and Zi are its coordinates in
a system where its Z axis is the
symmetry axis and its origin is loca -
ted in the center of mass. The results
for molecules with octupole moments

have also been discussed in reff12].

are given in refs.{7.10]. In
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Table 1: Second virial coefficient of
N2,C0,and SF6
T K B (T)
theo. exp.
N2
293.15 -8.321 -6.031
313.15 4,590 -2.794
333.15 -1.209 +2.961
Co
293.15 -12.784 -11.972
313.15 -8.540 -5.538
333.15 -4.738 -0.420
sSF
)
293.15 -247.919 -252.591
313.15 -216.485 -222.,000
333.15 -192.201 -191.040
Dimensional material and effective
spherical parameters are given in
Table 2.
EXPERIMENTAL
The apparatus used for the measure-
ment of these data is essentially

similar to that employed by Chinese
workers[13] where a mercury U-tube
used as the differential pressure
gauge. One advantage of this arrange -
ment is that the manometer does not
have to be in the thermostat bath .
A five-junction thermocouple, and a
Leeds and Northrup potentiometer’
{x1 p V)were used for controlling the

bath temperature within +0.1°¢C

Pressures were measured with a tra-

velling microscope reading down to
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Table 2. Dimensionless material parameters used in calcu-
lation of the nonspherical contributions to
second virial coefficients along with the effec-

tive spherical parameters

L@ gt o £ o (nm) & /k(KY
0 0
N, 0 0.47° 0.0357 0.131 0.3652 98.4
co 0.138 0.84 0.0404 0.0c0 0.3652 S8.4
SF, O 0 0.0452° 0 0.5252 207.7
Polarizibility anisotropy K=(all—(xl)/3 «
The parameters 9, and Eo/k were determined by fitting
accurate viscosity data to the same functional G(2,2) as
used for the noble gases,in the range 1g T*g 10.g

aR.D.Nelson,Jr.,D.R.Lide,Jr.,and A.A.Maryott,U.S5.Natio-
nal Bureau of Standards NSRDS-NBS 10(1967).

bD.E.Stogryn and A.P.Stogryn,Mol.Phys.11,371(1966) ,un -
less otherwise noted.

CA.D.Buckingham,R.L.Disoh,and D.A.Dunmur,J.Am.Chem. Soc.
90,3104(1968). See comments by F.P.Billingsley II and
M.Krauss,J.Chem.Phys.60,2767(1974) .

dA.A.Maryott and F.Buckley,Natl.Bur.Stand.Circ. (U.S5. ;
537, (1953} ,unless otherwise noted. The molecular pola-
rizibility includes both electronic and atomic contri-
butions;see E.A.Gislason,F.E.Budenholzer,and A.D.Jor -
gensen,Chem.Phys.Lett.47,434 (1977).

eA.B.Tipton,A.P.Deam,and J.E.Boggs,J.Chem.Phys.40,1144
(1964} .

fN.J.Bridge and A.D.Buckingham,Proc.R.Soc.London, Ser .
A 295,334(19e€) .

9B.Najafi,E.A.Mason,and J.Kestin,Physica 119A,387(1983).

0.05 mm. The experiments were carried tained using eguation (3.3.7)of Ref.
out at 20,40 and 60°C for each of [10]. Experimental results are tabu -

the N_,C0O,and SF_ gases. The second lated in table 1. Nitrogen , carbon

2 6
virial coefficients of these gases monoxide,and sulphur hexafluoride
at mentioned temperatures were ob - were supplied by the Matheson Co.

38



e e e—

fran.J.Chem.& Chem.Eng., Yol1.10,No.1,1991.

Pure Res.

The minimum purities were 99%,

RESULTS AND DISCUSSION
When a gas is kept at relatively
high pressures and low temperatures ,

its behaviour can be expressed by

"The virial e<¢quation of state". The

virial coefficients can be obtained

from statistical mechanics and in-

termolecular potentials as well as

from the experimental measurements .

The intermolecular potential of

molecules is usually assumed to con-
sist of a spherically symmetric com-
ponent Uo(r)as well as a contribu-
tion due to the asphericity of the
molecular charge distribution Uns

U,(r) can be directly culculated

ol
from potential models like  Lennard-
Jones (6-12)Potential. Uns is also
divided into two categories: long-
range and short-range forces.

In this study,the second wvirial
coefficients of some polyatomic
gases has been calculated using the
Lennard—-Jones (6-12) potential. The
second wvirial coefficients has been
calculated for gasecus molecules(Nz,
CO,and SF_ ). The results are 1n satis -

6
factory agreement with the experi -
mental data as shown in Table 1. In
short,there are many reported calcu-
lations of the virial coefficient but
none of them consider all the terms

*
{(including B (12-6)in eq. (1l}.
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