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Attempt has been made to represent the second pressure virial co-
efficient data for ethane and hydrogen sulphide gases by introducing
different non-spherical terms in the interaction potential. The
spherical part of the potential has becn represented by Lennard-Jones
(12 : 6) potential. The force paramecters for spherical interactions
have been obtained from the experimental viscosity data. The second
virial coefficient data for C,H, can he represented satisfactorily
and the situation is worse for H,S which has a sizeable dipole
moment. The shape parameter and values of quadrupole moments
have been also estimated for these suhstances,

1. INTRODUCTION

It is now generally believed that the transport properties of polyatomic gases
are insensitive to the long-range anisotropic forces and the pregsure and dielectric
virial coefficients are quite sensitive to these (Spurling & Mason 1967, Singh &
Datta 1970, Datta & Barua 1973). Thercfore, attempts have recently been
made to interpret the second virial coefficient data of a number of diatomic and
polyatomic gages by including the non-spherical interactions. (Spurling &
Mason 1967, Singh & Datta 1970, Datta & Barua 1973, Datta & Singh 1970
The spherical part of the interactions for these gases were dotermined from
viscosity data. By using this method, the quadrupole moments and shape
factors of a number of molecules have also been estimated. Calculations have
been performed for the pressure and diclectric second virial coefficients of @
number of polar gases. It was previously observed that by including only v
spherically symmetric interactions the transport and equilibrium propertics
of the polyatomic gases could not be represented by a single set of parameters
for the intermolecular potential. The inclusion of the non-spherical interactions
for calculating the virial coefficients has solved this problem for a number of
cases. In view of the success of the method it is useful to apply this to as many
gases as possible for which the relevant data exist in the literaturo.

In this paper we have reported the results of our calculations for othone
and hydrogen sulhphide gases the second pressure virial coefficients of which
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fhave recently heen measured (Khoury & Robinson 1971). The first molecule
nas a sizeable quadrupole moment and the latter a dipole and most probably
a quadrupole moment which has not yet heen measured experimentally.

2. FORMULATION AND RESULTS

(i) Ethane

The intermolecular potential used for representing the second pressure virial
coefficient. of ethane may be written as (Spurling & Mason 1967)

B(r) = (sph) +b(q) - plan)-| P(g-id)+ ¢p(sh), e (1)

where @(sph.), §(q), d(an.), p(g-id) and @(sh) arc respectively the contributions
of the spherical part, the quadrapole moment, anisotropy in polarizability,
quadrupole-induced dipole interaction and shape factor, to the total intermole-
cular potential. The spherical part of the interaction was cxpressed by the
Lennard-Jones (12 : 6) potential which may be written as

8 = el (%) ()], @

r

where ay is the depth of the potential and o, is the valuc of the intermolecular
distance for which ¢(r) == 0. The detailed expressions for the dfferent terms
on the rh.s. of eq. (1) have been given elsewhere (Spurling & Mason 1967,
Ningh & Datta 1970).

Let us define the following reduced quantities,

2 = ajogd; @* = Of(er))'s y = AeokT); BX — B(T)lby; by — (2[3ymNo?
where o is the mean polarisability and @ is the quadrupole moment of the mole-
cule. By using the formalism of Buckingham & Pople (1955), the reduced second
virial coefficients may be written as,

BH(T*) = B*(sph)+B¥(g)+ B*(an)+ B*(g-id)- B*(sh)
-+ B*(q X an)-+B*(q > sh)+ B*(an X< sh). e ()

The rhy. of eq. (4) indicates the different contributions to B¥(7*) which
mclude the cross-terms. The expressions for these terms of the H,, functions
defined by Buckingham & Pople (1955) have been given elsewhere (Spurling
& Mason 1967, Singh & Datta 1970) and will not be repeated here.

The parameters o, and e/k for othane were obtained from the availablo
“XDerimental vigeosity data (Craven & Lambert 1951, Rankine & Smith 1921,
g & Schimick 1930) and arc shown in table 1 together with the other relevant
data used foy the oaloulation of different B* valuos. The quadrupole moment
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was taken to be ® = —0-65% 1026 esu em?® as recommended by Stogryn &
Stogrvn (1966). The shape factor was determined from the experimental B(T) datu
of Khoury & Robinson (1971) at different temperatures and the average value
thus obtained was 0-14. The individual contributions of the different B* terms
are shown in table 2 together with the experimental values of B¥*(T*).

(it) Hydrogen Sullphide

For polar molecule like HyN. the situation is slightly different from
that of the nonpolar gases as viscosity is also known to significantly affected
by the angle-dependent dipole-dipole interaction term (Monchick & Mason 1971)
The other non-spherical terms which are of terms importance are not likely to
affect the viscosity of polar gases. The interaction potentia. in this case may
be written as (Rakshit 1971)

B(r) — $(12-6:3) + pld-q) -$ld-id) | p(0) | lg-id) | plan) + Plid-ig). ... (%)

where ¢(12-6-3) is the Stockmayer or (12-6-3) potential which may be written s
(Hirschfelder, Curtiss & Bird 1954)

#(r) = ey ([20) "= (7)) = sl )

r
where p = 2 cos 6, cos 8, sin 6, sin 6, cos ¢.
The terms on the r.h.s. of cq. (5) which are due to the dipole moment of the
polar molecule are given hy
d 3 uo o[ 2 2 sin f. sin 6. cos 0, cos @'
P(d-q) = 5 [{cos B4(3 cos®t,—1)+2 sin #; 8in 0, co8 0, cos é}

~

-4 {eos 0y(3 cos? #,—1)+42 sin 6, sin 0, cos 0, cos @},
. (M
Bid-id) = -1 [(3 cost 0,41) +(3 cos? B+ 1)), S

The other terms are the same as those used for ethane. Let us define the
following reduced quantities in addition to those already defined in eq. (3) viz..

n* = pl(eoyt. Ll
Then the reduced second virial coefficient may be expressed as,
B*(T) — B*(12-6-3)— B*(d-q)— B*(d-id)— B*(q)— B*(g-id)
— B*(an)—B*(sh)— B*(id-ig). .o (10)

The terms in eq. (6) which are due to the dipole moment may be exaressed
as,

] 2% in-4
B*(12-6-3) = y{Hyp(y)— 3 4y)]— 2 f‘! {Qi?igifgﬁff }Ho,.(y), . (118)
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% — 1 ¥ )% )2 1 2,4\ } 1
B¥d-q) = —¢, (1*0%) [Hs(.'/)—.L 5 (1% )Hm(.e/)»!-a;(;)‘?/”)ng(?/)Jr---]
1. *(Q)%,, )4 I
5 (25p%@%y) [Hm(?/) F oo (PP Ho(n) ! ] .o (11b)
* ' - 1 *® % ,,- 2 i | 21 ! ! 1,8 '
B¥(d-id) -= | 2%y [He(.'/)—r W H ) 1L (0 )I/m(!/)-:-..-]
11 N R R
-+ 320 (p*a¥)? [”12(.’/) !"3‘(1"‘!/4)}113(!/)-3' ] ce (Lo

The parameters o, and ¢/K for H,S as given in ¢q. (6) were obtained from
the experimental viscogity data (Rakshit. 1971) and are shown in table 1. The
dipole moment. was taken to be 0-92 Debye as recommended by Stogryn &
Stogryn (1966). The values of the shape factor and quadrupole moment were
estimatoed by fitting to the experimental B(T) data. These values were obtained
as ) - ~0:08: @ — 224 1072 ¢sucem?. The experimental  and  caleulated
values of B*(T*) are shown in table 3.

Table 1. Values of the molecular parameters used for ethane and hydrogen
sulphide gases

Potential parametor

Gas R - K 2 n 6 in D
oA c/k°K e.su. em. e.s.a1. em?
Ethan 4.428 223 0.1125 - - —0.6510-2¢ 0.14
Hydrogen 3.578 310 0.0536 0.92x 10 ¥ 2.24:.10-¢ - 0.08
sulphide

3. Disc¢UssION or RESULTS

For ethane as shown in table 2, the contributions of the non-spherical
interaction terms is about 109, of the total second virial coefficient. The signifi-
tant non-spherical contributions are from the shape factor and the cross-term
mvolving anisotropy and shape fuctor. With one set of foree parametcr.s h(.)t]l
the viscosity and second virial coefficient data can be represented by considering
non-spherical interaction. The value of the shape parameter for CyHg obtained
45 0-14 is reasonable (Spurling & Mason 1967) and the sign is positive which ix
“Spected due to its rod-like shape. On the other hand from the force para-
meters obtained from the virial data by neglecting the non-spherical inb.era.cti(?ns
“ne can reprosent the experimental viscosity data within 5-69, which, is outside
the oxperimental error,
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For H,S, the contributions of the non-spherical interactions apart from the
dipole-dipole term to the second virial coefficient, is about 20-25%,. The dipole-
quadJ’llpOle and the dipole-induced dipole terms have the maximum contributions.
The sign and magnitude of the shape factor obtained are reasonable (Spurling
& Mason 1967). The value of the quadrupole moment thus obtained cannot be
compared with the data from any other source. The exporimental second virial
data cannot be represented very satisfactorily even by including the non-spherical
interaction terms. This may very well be due to the approximation made in
representing the dipole-dipole term in the calculation of the second virial co-
efficient. For example, a pre-averaged potential (Rakshit 1971) may be a better
representation than the (12-6-3) potential used by us The force parameters
obtained by Khoury & Robinson (1971) from B(7') data completely fail to re-
presont the experimensal viscosity data. This shows the relative success obtained
by including different non-spherical terms in the interaction potential for cal-
culating second virial coefficient.
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