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Introduction

The orientation-dependent part of the molecular polarization of a multi-
component system is given by the equation [1]

N,
,(1) PO = 9kT < i‘ Z oD m(qf)>

in which Ni is the number of molecules of species i, and m{P? — the a-component
of the total electric dipole moment of the molecule p of spscies i. The brackets
¢ > in Eq. (1) denote the statistical average defined as follows:

©) ‘ (P> = f = f & (M) P (z7) d,

where @ (V) is an arbitrary function of the variables ™V = (14, T2, ..., Ty) describing
the configuration of all N molecules of the system. The quantity P®™ (t%) de® is
the probability of finding a selected group of n molecules in the configurational
element dr®. By classical statistical mechanics we have in the case of a system of
molecules of various kinds

xi 08" (zp) = Ni P{" (vp),
(3) - X1 Xj 92 gg_zf) (TP’ Tq) = N‘ (Nf - l) Pg) (Tp, TQ)9
X¢ Xj Xk 93 81(;}}: (tps Te» Tr) = Ny (N; — 1) (N — 2) Pi(;;c (Tps Tas Tr)y ovos

wherein x; = Ni/N is the molar fraction of the i-th component of the system,
@ = N/V — the density of the system of volume ¥, and g{", gi7, gi};, ..., are the

correlation functions for singles, pairs, triples, etc. of unlike molecules, respectively.

In this paper we discuss the application of Eq. (1) to systems consisting of octo-
polar ‘molecules. of different species. The general result for dense systems is there-
after applied to imperfect gas mixtures. Numerical estimations of the second orien-
tation- polanzatlon vmal coeflicient are given for methane.

[67]
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Dense systems of octopolar molecules

We shall consider a system of unlike molecules which possess only an octopole
electric moment defined in general by the tensor

1
@ QL%’,',’:? 2 e;;m) {Sron. Tpng rlmy_'rim (rong 5ﬂy+’pnﬁ 5;¢‘|"'zmy 5¢p)},
n

with ¢{P® denoting the n-th electric charge of the molecule p of species #, and Fpn —
its radius vector.

The a-component of the induced dipole moment of the molecule p of species i
due to the electric field of the octopoles of all the other molecules of the system is
given by
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where o{f? is the electric polarizability tensor of molecule p of species i and the
tensor characterizing the dipole-octopole interaction is ‘of the form (p # r) [2]

©® Té,%”,? = 3"‘9 {35rpra Tprg Tory Fprs — -”‘pr (rora Torg 045 +
ok Tory Ops + Iore Tors 85y~ Torg or, 845+ Fprg Pors 84y +
+ rl"'y Tprs 6aﬁ) + r;)r (6aﬂ 6y6 + 6«1;- aﬁd + 616 6ﬁy)},

with 75, denoting the distance between the centres of the p-th and r-th molecules.
By (5), for an octopolar system of arbitrary density, Eq. (1) becomes

Ny,
o P 2< 2 2 G0 o8P 0 D TEN TR

On expanding the right hand side of this equation in the sums relating, respecti-
vely, to interacting groups of two, three, ..., molecules (the first sum for p = g =
= r = s vanishes) we obtain, by Eqs. (3) and averaging over all molecular orien-
tations,

8 X1 x3 POD x1 x7 x5 P4IE) +
©) 7
1,

Here, the quantities P,‘f,j) and P are of the form
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where a; is the mean electric polarizability of the molecule of specxes i, and by defini-
tion of (G) we have L P R : S

A1) TEDTED = 451, ry {245 (rpreres)* — 180r%, r2 (rpr Pgs)2 — gy Fgs} -

In particular, for tetrahedral molecules’ such!as- CH4, havmg a single octopolg
moment 2 = Qq,3, Egs. (9) and (10, reduce to:

32702
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Application to an imperfect gas mlxture \

In the case of a not too strongly compressed , gas . mlxture we are: gustlﬁed in
restnctlng ourselves to pa1rw1se correlation for which [31 \

o (g
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is the second orientation polarization virial coeﬂiment descrlbmg the octopole«

“induced dipole effect. In Eqs. (14) and (16) (rpq) is the central'forces potentlal
energy of interaction between molecules p and g of specxes i and j.

On using for w5 (rpq) the following specnal form of the Lennard-Jones potentlal 31

@ & O O
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we obtain from (16)
an — _ 16™N km @ oM O ()) \m @ Oon
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where ;5 and oy are force parameters having fhc,diménsion of an energy and length,
respectively, Hy — a function known in tabulated form [4], and y; = 2 (el kT)E.
The force parameters for interactions between unlike and like molecules are related
by the empirical combination rules [3]:

(19) oij =% (outos), ey={(enen?. : L

*) Note added in Proof. From Eq. (16), in th3 case of a: orie-com)onent gis consistirg
of tetrahedral molceules, we can obtain the result derived by Johnston, Oudemuans and:Cole
{J. Chem. Phys., 33 (1960), 1310). O O A R P
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If the octopolar molecules are symmetric about the 3 principal axis, then
Q3= 0333 =—20Q13=—20»3, and a3 = a3, @ =a; =ay, and (18}
assumes the form
(20) BW = __87t2N { (1+2 2y (2 2 .Q

P 27kT G‘ y % %) j+aj ¢ +2"j) o Hio (i)

where #; = (o’ — a{,/3as is the electric anisotropy of the molecule of species i.
For tetrahedral molecules Eq. (18) yields

3272 N

@y B ey (G OO ) Hio G-

. The second refractivity virial coefficient of tetrahedral molecules is in the same
approximation given by [5]:

4 -
+ 3t (s Q+2 v5) Hio(yi) + } .
i
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where y; is the mean hyperpolarizability of the isolated molecule of species i.

In the case of a one-component gas, Eqs. (21) and (22) reduce to
23 B — 64n2 a2.QZNH
(23) N T 1000,

22 N

=5l |+ moor |
=9 ? H6(.V)+ H9()’)+ T g HoO)+ ..

. For methane we have [2], [5]: e/k = 137°K, 0 = 3.882 A, @ = 2.6 X 10-24 cm.3,
£ =12%10-34 ess.u. and y = 2.6X10-36 e.s.u. Using these values and Egs. (23)
‘and (24) we obtain for T = 298°K:

B, =48%10~24 cm.6/mol., ' B, = 10x10-2¢ cm.%/mol.

@4 By

Thus, it is seen that the contribution from the orientation octopole-induced
dipole effect is about five times larger than that from distortion polarization. -
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