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The present paper brings calculations of the second refractivity virial coefficient
Br= ZZ xiij%h for a mixture of quadrupole and dipole gases. In addition to the influence of
ij
anisotropy in the polarizability on B
()
R

gj), the effects of hyperpolarizability of the quadrupole or

dipole molecules on By’ was taken into account. In carrying out the calculations, the intermole-

cular central forces, the anisotropic dispersion forces, quadrupole-quadrupole and dipole-dipole
interactions, as well as the induction interactions occurring between spherical, quadrupole and
dipole molecules of the gas mixture were taken into comsideration. Numerical evaluations for
the gases CH,, N,, O,, CO,, CHCl;, and CHgF and their mixtures are given. These evaluations
establish the importance of the particular contributions to Bpg.

1. Introduction
The molecular refraction, or Lorentz-Lorenz function, is defined as

n?—1

= 1
Sim n2+_2 E ()

where n is the refractive index and J the molar volume of a substance.
In the case of a perfect gas, R,, is expressed by the mean polarizahility & of an isolated
molecule, as follows:

Ry = An Na, 2)
3
and is independent of the density and temperature of the gas (V is Avogadro’s number).
The variation of R, with the density of imperfect gases was discussed theoretically by
Mazur and Mandel (1956), Buckingham (1956) and Mazur (1959). Buckingham expanded
the molecular refraction of a' compressed gas in powers of 1//:

Be

R, — Ar+ —t‘-»% Cr . (3)

2 N

where the expansion coefficients 4z, B, Cg, etc. are termed the first, second, third, ...
refractivity virial coefficients. The first virial coefficient 4, characterizes the perfect gas

(a1
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(whose molecules do not interact) and is given by Eq. (2). The coefficients By, Cg, ... de-
scribe the deviations from ideal behaviour of the refractivity of the substance (i. e. from Ap),
and account for the interactions of two, three etc. molecules of an imperfect gas.

In the present paper, Buckingham’s theory is extended to compressed gas mixtures.
The discussion will be restricted to the virial coefficients A and By only; for a gas mixture,
these are given by

Ag = Z % Am 4
B = Z Z xiijI({,’), 5)
i g

wherein «; is the mole fraction of the i-th component of the mixture, and summation extends
over all components. The coefficients A and B have the form:

AR = %«’ Na;, (6)
@) &) uy;
B — 2nN f f f =9mu am — 3;— 3%.} ¢ H dry dw;do;. ()
Herein,
a; = % (z) =1 (“(1) (z) ac<')) (8)

is the mean polarizability of the isolated molecule of the i-th component of the gas mixture.
m® is the @-component of the dipole moment induced in the i-th molecule by the electric
field E of the light wave. u,; is the total potential energy of interaction between the two
molecules, of species i and j; 7; — denotes the vector connecting their centres, and w,,
w; — variables describing their orientation; £ = f dow; = f dw;; are integrals over the
orjentational coordinates.

In the subsequent Sections, the second refractivity virial coefficient BE? as given by
(7) will be computed for interacting anisotropic, quadrupole or dipole, unlike molecules.

2. Anisotropic non-dipolar molecules

The a-component of the dipole moment induced in the i-th anisotropic molecule of
a gas is, in the first approximation, given by

m$ = al (E;+ FP), ©)
where a@) o5 18 the polarizability tensor of the isolated molecule of species i and

F® = T%) m(ﬂf) (10)
— the a-component of the electric field at the centre of the i-th molecule due to the

dipole moment mgj) of the j-th molecule of a gas mixture. The tensor T%) accounting for
dipole-dipole interaction has the form

TEZS) = fij_'3(3)'¢z',3 - 605;‘3)’ (11)
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where 4 = (4, 43, 43) is a unit vector in the direction of the vector r; = 17,

> and O,p —
the unity tensor:

5= 1 for & =4,
“ 10 for a+p.

From Eqgs. (9) and (10) we obtain, in approximation, the following expression for the
molecular electric field:

FY = — T9%DE, + TP TPaE, — .. 12)

For molecules possessing axial symmetry about the 3-axis, we can express the polariza-
bility tensor ocgg in the following form:

OC% = 60:/3 + Ha,i (35(;) Sg)_ 6“5)’ (13)
wherein
@) @)
®33 — %11
Ho,i = T 3a (14)
1

is a parameter describing the anisotropy of polarizability of an axially symmetric molecule
of species i, and S = (s1, 55, 53) — a unit vector along the axis of symmetry.
With respect to egs. (11), (12) and (13), the following result is obtained from (9) for

axially symmetric molecules:

( amg)
OF,

) = Jat; + Ja; ozj{x,,,-(l — %g.7) (3 cos? §; — 1) +
anis

Artg, i (L— 2%, ;) (3 cos® 0, — 1) + Bst,, ; 2, ;(3 cos O; cos 0, — cos 0,) cos 0.} 7+
+ 30 o {201 — 2, )2 (L — 22 ) + 94 i(2 + #,,;) (1 — 2, ;) (3 cos? 0, + 1) +
+ (L=, )2 2, ; (B cos? 0,4 1) + Bx, ; %, :(2+ %, ;) (3 cos §; cos 6;— cos 0,)%} r7® + ...,

(15)

where we have used the notation

s = cos 0,; = cos 0; cos 6, + sin 6, sin 6; cos (p; —~ @),
s02, ="cos 0, sP Ay = cos 0,
and 6; is the angle between the symmetry axes of molecules i and j, 6; and 6, are the angles

formed by the respective axis and the unit vector 4, while ¢; and ¢, are the angles between

the planes formed by the two axes with the line of centres A.
We shall assume that u; consists of the Lennard-Jones 6:12 potential and of the energy
resulting from London’s anisotropic dispersive forces (see Pople 1954, Kielich 1962a):

12 6
e e Y — |2 Y . .
=1 {(2) (%)} 20 (%) s s
1 1y 1

— Bitg,i (1 — #4,7) cO82 0;— 34, (1 — nq,) €082 0; — 324, #a,; (3 cos B; cos B;— cos )2}, (16)
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where ¢; and o;; are the force constants having the dimensions of energy and length for an
interacting pair of molecules of species i and j.

Substituting Eqs. (15) and (16) in (7), the second refractivity virial coefficient for two
unlike axially symmetric molecules is obtained in the form of

i Aoy N?
(i) i -
B’= ~—~*9 v 1l (L2 a (15260,) o O0F) +
1] 1] .
b o R R S Fil) . )

where the H,(y;) are functions defined by Pople (1954) and tabulated by Buckingham and
Pople (1955a); y; = 2(e k).

In this expression, the second term multiplied by Hy(y;) results from the anisotropic
dispersive forces and, as will be shown later, plays an important role in all cases considered
in this paper.

If, in particular, the molecules are isotropically polarizable, %, = 0, Eq. (17) reduces to:

” 472 or; oy N2
BY = g (i + ) He(vy)- (18)
90',] Yii

In the case of a gas mixture consisting of anisotropic molecules possessing a permanent
electric quadrupole moment @, we have (see Kielich 1962a):

12 6

3 ” 3

wij = 46;1-{ (%1) — (%’i) } oy 0,0; {1 — 5 (cos?0; + 3 cos®0; cos?0; + cos?0;) +
if 17

9
+ 2(5 cos 6; cos 8;— cos 0%} — g {o(1— 2, ;) OF (5 cost 6; — 2 cos? 0;+ 1) +

+ aj(1—x, ;) O} (5 cost 0, — 2 cos? 0;+ 1) +
+ 3at; %, ; OF (5 cos 0, cos? ;— 2 cos B cos 6;— cos §;)* +
+ 3a; %, ; OF (5 cos? 0, cos 6, — 2 cos O; cos H; — cos 0,)%) it (19)

here, in addition to the Lennard-Jones (6:12) potential, terms accounting for the energy of
electrostatic quadrupole-quadrupole (r;®) and quadrupole-induced dipolé (r7® interactions
occur. .

On substituting Eqgs. (15) and (19) in (7), we obtain the following contributions to BY
resulting from qua(h'upnle-induced dipole and quadrupole-quadrupole interactions:

157505603 |
— T3, %y ;0 0; (2a; +a\x7 o

- 3(1 @2 (]OV - ZyuzAar)lllll(}q)j“
N 25y, 0% 0%

280'”&, ~ (Tayi - 20,5 %05+ Totg,f) Hyg (vif) + -

i AaPao;N .
) b J[%at() (W03¢q ;+ T — 20 75}

Hgit OCJ/GJ)

(20)

R—
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3. The influence of hyperpolarizability on By

In measuring the refraction, we are dealing with a weak electric field of the light beam.
Essentially, such a weak field E can only give rise to linear polarization of a molecule, as
described by equation (9). However, a compressed gas generally presents a very strong
molecular field Fy, developing a nonlinear deformation of the molecule. In this case, instead
of (9), we have the {ollowing expansion:

711(’> = J’oc(' + ,3(') o '(1)+ ¥ VE;I)? s F(')I’ (') } {h",,. - /"g)} , (21

where and %) . are the hyperpolarizability teusors describing the change in pola-
yzﬁ./ﬁ yperg Y g el I

aBy
rizability of the molecule 7 caused by the electric field ¥, of the neighbouring molecule

(at £ = 0).
For molecules with centres of inversion, ﬂfz’f);, = 0, while the tensor 7/2,2;:,;3 (if the molecule
possesses axial symmetry) is of the form

Vg% y6: % (1 %y 1) (60#1 (S'yﬁ + 6@7/ (5 pé + (Sué 6,‘37/) %7}1 %y,i ( 30; f/l)‘sg) -+ (3 ‘g)ssp +
- 5” sf;) NOM 5/};} SS;') Sg') e (3, (t) (l) -+ ,) (1) (1)) (22)
wherein the quantities

G ®
_ Va’:g 33 V]ll 11

o 7 3y, 5 Vi = E} (V% 33 1+ 27/(;1) 11) (23)

yield a measure of the anisotropy of hyperpolarizability and the mean hyperpolarizability
of a molecule of species i, respectively.

Since the square of electric field, Fg;Fgg, at the centre of molecule 7 arising from
anisotropic dispersive forces is of the form

i 2 i i\ .
FORS — 32 i ( ‘r’_u) 11— #a,7) (Bhaks + Oap) -

1 i
+ 3%, ; (94,24 cos? b, — 32, s<’) cos f; — 3352’.) Ag cOS 0j+sg)sgj))} , (24)
the expansion (21) yields,
(9mﬁ?) _ (91()) ; (‘"L“) (25)
aEu total 919(2 anis oF hyp - dlsp
where the first term is given by Eq. (15) and the second one by (26):
omy Lo e
.2 v oo Foy
(9}4"0: hyp—disp 2 Vaa: iy 0

L (V) <“’f> (10«7%:) [2(1— g,) + #4,i(3 cos? 0;+1)] +
6 x; ) T

LT, (L= #4,5) (B cos? 0+ 1) + Bxq,; (3 cos 0; cos 6;— cos 0)%]} + ... (26)
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Substitution of the foregoing in Eq. (7), with the potential of Eq. (16), yields

o 90m2N2 ” vi
B(l]) = ij Of : —] H, i,
R 8,3 &ij iy {(“’ th) s (i) +

2
+ 29/516 [y, (50 3] + 35”%1‘ Hyit+ 133%;”- s M:’j) +
+ %(50;;3),-—}- 35%g,j%y,;+ 13334 j%,, %3,)] Hy, (yi) + } . 7

In the case of quadrupole molecules, the electric field F§) at the centre of the i-th
molecule due to the quadrupole of the j-th molecule is given by

=~ @,r,, 4{(5 cos? 6;— 1) 2,— 257 cos 6}, (28)
and
é?mg) 3
(W)hyp—quadr = Ey, 2r5° {(10 — 7wy (5 cos? 0;— 2 cos? 6;+ 1) -+
+ 215,,4(5 cos 0; cos? B — 2 cos 05 cos 6; — cos 6)2} + ... (29)

From (7), (19) and (29), we therefore find on neglecting terms of order ay:

5n2 N2

By = Tiohyt {(71 O} + OF y)) Hy (v5) —
17 1]

3y2 ©; 0]
o ;5]6‘ “ #y,i OF + OF pjy,;) Hyy (riy) + } (30)
tﬁu

In the first approximation, the anisotropy of hyperpolarizability of the molecules can
be neglected, », = 0, and (27) and (30) reduce to simpler form

i 2072N2 AY PR R
BY = _819/—,‘-1]- &6 {(%) [Hs(yii) + gy?j #a, i Hia (v3) + ] +
+ (% -H( ..)_f_l 202 Hyg (75) + (31)
@ e\Yij 5 Yij #a, i {112\ Vij »
i 5m2N?
B = s 06 OF+ O2y) i) + . (32)

The formula (32) corresponds to the result which could be obtained for quadrupole
liquids on the basis of Onsager’s model (see Kielich 1960, 1961).

4. Dipole molecules

Let us now calculate B’ for the case of a gas mixture consisting of molecules endowed
with a permanent dipole moment u. The total potential energy of interaction between two
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unlike dipole molecules is given by (Kielich 1962a)
6.. 12 c-o 6
Ujj = 4«8,’1' {(—1) _ (—-1—1) } — M,‘Mj(?)COS 0,' COS8 9]' — CO8 61']') 7‘,'_]73---
Tij rij
— 3 (L — ) 138 005 6, 1) 051 — 2, ) (3 0050+ 1) +
+3(a; #q 4 + piaje, ;) (3 cos O; cos 0;— cos ;)% 7%+ ... (33)

Besides the Lennard-Jones (6:12) potential there are included also terms representing dipole-
dipole (r;®) and dipole-induced dipole (rj %) interactions.

On substitution of (15) and (33) in Eq. (7), we obtain

; 22000 N 2 o
B = S i (50t 50— 5) + 0 (5 55— 2 0 5)] Ho(y) +
2256” ,]y”
+ g:;ﬂlsyu [06:(5 + 250 -+ 11223) (5+ 2a,) + 185 airtq,; (206 -+ 20 + Hirtai + Xirta,s) +
O37€5f

+ 0t (54 2, + 1125 ) (5 + sa,i) [ Hip(yi) + -

Y (5 st + o) Holrs)
12¢;;

446
4 1%1/6‘]};:1 5 (Tait #oita,i T%ays) His (i) + - } (34)
l] l]
We now calculate, moreover the further contributions to B resulting from the effect
of hyperpolarizability of the dipole molecules. For dipole molecules exhibiting the axial
symmetry we have, in addition to Eqgs. (13) and (22),

/,L(’) =Sy (Z) ﬁs[)i:y == ﬂz(l - %ﬁ,i) 6aﬁ‘s§j) + 3 ﬁi%ﬁz (')3,(;) g) (35)
where
@ 1 ,
g = B (o2 (36)

are the anisotropy and mean hyperpolarizability of the dipole molecules of species 7, respec-
tively.

In the present case, account should be taken of the electric field given rise to at the
centre of the i-th melecule by the dipole of the j-th one:

F = i (34, cos 0;— s, 37
thus, by formulas (22) and (35), Eq. (21) yields (terms of order f and oy are omitted):

dmy - B9 FO L I o FOFS+
9Fq | typ-ip aa: pF 0 9 Vaa: By
=3 ﬁi/tjr,-;-s (3 cos B; cos B, — cos ;) -+

-i—llz y,-,uj?r;j‘e (10— 7z, ;) (3 cos? 0;+ 1) + 21, ; (3 cos 6; cos 0;— cos 6,)%} +.. (38)
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By the foregoing expression and by (33) and (7), the following result is obtained for
the contribution to B’ arising from the hyperpolarizability of dipole molecules:

i 272 1\2
Bu) ~ 8ladiq { (7:/‘] + piyi) He(yy) +
1] Z]
oy 'u]e ‘;jl i (25 1oy ) i + uby; (25 4+ 1, 1)] Hoyy (vig) +
" 20006%¢,
29 pf uf vy

i34 40*0*6‘12“"4 vi(5+ 4wy ) :“J + /“z Vi 0+ 4o, 5)] Hyg (vis) +...

3v¥ ‘ _ Buduf v
+ 31‘11, (P ‘“?" ﬂig/‘jﬂf) -He(fy'ij)4 206 ?] :j Hys (yi) +
29 /‘4 Iu4 }8 ‘ 1 )
%] ;6(1)00{12 “:1, HIS (_'y‘,‘j) —+- ...» -1 J . (39)

5. One-component gases

In the case of a one-component gas, the contributions to the second refractivity

virial coefficient given by Eqs. (17), (18), (20) and (34) assume the form

B = 8%26“3%\3 Hy(y), (40)

BES = 1%;?23 w2 Hg(y) = 22 B, (41)
B 8200;2*273 2210 — 22) Hy(y), @)
pguade-ind.div_ %7;:0:;::@ #2@2(30 £ Trtq — 13%2) Hy\(v), (43)
plusdr-quads 2722 N? 2eONT — ) Hialy), (44)

4416 10 2

T 42032 N2 J
Bdlp ind.dip _ “ 45— 32 ofy
R ¥22—56“8}‘2 IHz(S T 5/:2 /az) IIJ(}) +

2y

. 9‘2 s, (25 + 156+ 9323 + 29+3) HIZ(}-)}’ )

Bdip-dip a2

1350 o2 whx, {(]()— %q) Hy(v) + 98 6‘7 (141L xq) Hys(y) + .. } (46)

The expressions (40), (44) and (46) were derived previously by Buckingham (1956).
In Table I, the various contributions to Bp, calculated for some gases on the basis of
formulas (40)— (46), are shown. The latter prove immediately that the principal contribu-
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TABLE I
Calculated contributions to Bp in em® mol~? for T = 298.2°K.

Gases CH, - N, O, CO, CHCl, CH,F
elk'K 137.00 91.59 113.00 190.00 327.00 196.0
o(4) 3.8821 3.6810 34330 3.9961) 5.4300 3.370%
% 102 (cm?) 2.601 1764 160V 2929 T 823 2.60%
P 0 0.18 0.24 0.27 —0.09 0.11
(108 (esan) . 0 0 0 0 1.05 1.82
6 10% (e.s.u.) 0 1.89 1.99 5.09 0 0
BY 5.7 2.0 18 8.8 87.0 8.4
B 0 0.1 0.2 13 1.6 0.2
papis-disp 0 0.6 1.0 7.6 16.2 0.9
pradr-ind.dip 0 0.01 0.03 0.5 0 0
pradr-quadr 0 0.02 0.1 3.4 0 0
Biip-ind.dip 0 0 0 0 1.0 10.9
Bgp-dip 0 0 0 0 0.4 6.3
B 5.7 2.73 3.13 21.6 106.2 26.7

! Hirschfelder, J. O., Curtiss, Ch. F. and Bird, R. B., Molecular Theory of Gases and Liquids (J.
Wiley & Soms, Inc., New York, 1954).

2 Buckingham, A. D. and Pople, J. A., Trans. Faraday Soc., 51, 1173 (1955).

8Le Fevre, C. G. and Le Fevre, R. J. W., Revs. pure and appl. Chem., 5, 261 (1955).

4 Kielich, S., Physica, 28, 511 (1962).

tion to By for all gases considered is related to B, which should be calculated on the assump-
tions that the molecules are isotropically polarizable and interact with central forces only.
It ix also seen from Table I that the influence of anisotropy in the polarizability on the
second refractivity virial coefficient given by

BES  gp o (m—om )’ (47)
Bi,i ¢ g+ 20y, )

is in general small and attains, at the most (c. g, COy), 15%, of the values of B, Let us
draw attention to the interesting fact that the anisotropy alone plays no role whatsoever in
some cases (e. 8. Ny, Oy, CHCL;, CHyF); nevertheless, in connection with the anisotropic-
dispersive forces it yields peculiarly great contributions to Bg amounting in the case of CHCl,
to 18%, and in that of CO, — to as much as 94%, of the value of BS, The contributions
to Ry resulting from the quadrupole-induced dipole and quadrupole-quadrupole inter-
actions are negligible, except for the case of molecules possessing a very great quadrupole
moment (e. g. CO,). Dipole-induced dipole and dipole-dipole interactions yield important
contributions to By in the case of CHzF molecules.

We now proceed discuss the influence of hyperpolarizability on Bg. In the case of
tetrahedral molecules (e. g., CH, and CCl)), the hyperpolarizability of the molecule could
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be caused by the electric field, F~ 2,55 r=5, due to the octopole moment £,,; of the neigh-
bouring molecule. In this case, in addition to Eq. (40), we obtain the following contribu-
tion to Bg:
2 \2 °
BT e 1 ). (48)

For methane, we have from Kerr’s constant (Buckingham and Pople 1955b) 5 =
= 2.6X10~% . 5. u. and from second virial data (Kielich 1962b) 0,3 = 121034 ¢, s, u.;
hence, Eq. (48) yields (at 7" = 298.2°K) BP-octor _ (0.3 cmsé mol~2, which amounts to
5% of the value of BE.

On the other hand the formula (31) yields for isotropically polarizable molecules of
one kinds (see Buckingham 1956):

-dis 40 72N2
Bklleypd P = 81,4 &6? ('g‘) He(y), (49)

hence for CHy molecule: BYPdiP — 1] 4 cmb mol—2 = 2B%,

Thus the contribution from hyperpolarizability induced in the molecules by the field
of dispersion forces has an important influence on the Bg; this conclusion was reached ear-
lier by Buckingham (1956).

If in Eq. (39) the anisotropy of hyperpolarizability is neglected, %, = 0, the Bucking-
ham (1956) formula is obtained:

i 2m2N? Y
pghyp-dip _ —— 10yp? | Hy(y)+ L J; 7 Hia(y) +
81a%y 806°%

29u’y® 3puty® Butyt
* 268800 ol2gd Hig(y) | + - P Hy(y) + 300 002 Hyy(y) +
20,88 )
+ﬁﬁﬁ@%W+J} (50)

From molecular light scattering data, we have (Kielich 1962a) p = 11.2x10-2 ¢, s, u,
for the chloroform molecule and obtain on the basis of (50) by neglecting of the terms with y,
Byr-die - 158 cm® mol~2. This result shows that, in the case of dipole molecules, the hyper-
polarizability § yields a far greater contribution to By (see also Buckingham 1956).

6. Two-component gases
By Eq. (5), the second refractivity virial coefficient of a binary gas mixture is of the form
By = 2% BEY -+ 2x,%, BED + a2 BED, (51)

where x; +a, = 1.
We shall now discuss the second refractivity virial coefficient BR? corresponding to
the interactions of two unlike molecules of components 1 and 2.
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If, in particular, the interacting molecules of one component of the mixture are sphe-
rical and those of the other quadrupolar, we obtain by Eqs. (17), (20), (31) and (32):

B(lg) _ 4i? alazNz

2
{( @y + xgt 205 25,0) Hy(yyo) + 3 ot yiante Ho(y1a) +

96} 123’ 2
6“1”@,2029%2 20m2N? N
-+ 35 0%z 615 Hy(y) ¢ + 81y%2 "312612 oy Hey(yo) +
1 O3 '
+ g v xa oty (9’12)] + ( ) He(y) + 4:1 82 s(ylz)}- (52)

Assuming the well known rules: 6,5 = (6, +0,)/2 and &, = (& €)%, and using the
molecular data from Table I, and p, = 310738 . s, u., we obtain for a CH;—CO, mixture
by (52):

B3?= (3.140.5+2.840.2+15.6) cm® mol~2 = 22.2 ¢cm® mol~2.

It will be seen that important contributions to BE® arise from anisotropic dispersive
forces (the third figure in the brackets) and from the effect of hyperpolarizability (the
value of 15.6).

In the case of collisions between a spherical molecule 1 and a dipole molecule 2, expres-
sions (17), (31), (34) and (39) yield:

4aro0, 00,V 2 2
BR® = "9—652 yz%z {(“1 + ap+ 205 %,2) Ho(y1d) + o3eyta %52 Hy(y1) +
a2 U3y 2072 N2 s ()| g
-+ 106 o3 t1g Hy(y 12)} + 815 i €12012 % a(y12) +
1 Ve
+ 5V faxgaHy, (v 12)] + (Z_:) He(yq0) + 958 0_11:61 Hey(y 12)} (53)

For a mixture containing a quadrupole gas (4, = 0, ©;7#0) and a dipole gas (1,70,
6O, = 0), on the basis of previously calculated results, we get

4
. L L {[wl(l +22:) + g1+ 22a)] Hol) +
clayta

+ 5563,y 3(5%5, — %2y %2 + S%9) Hy(yia) +

3y OFy3s

* 17503, 612

(10041 + T30 — 2245 #5,9) Hyy(y12) +

2. 2
G M2Y12
506?2 €19

207t2N2 1
+ I £190%2 { (“1 ) [He(J’m) + =yl le(ylz)]

+ (B, +5%3, — #an %) Ho(y 12)} +
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( 72) [Hs(wlz) + = - ¥ie 4¢,1H12(V12):,

%

+ 2?;”2 Hafyn) + ot @ Hs(m)} (54)

Similarly, we can derive the virial coefficients ng) for other special cases.

From the discussion presented in this paper it follows that appriopriate refraction me-
asurements for compressed gaseous mixtures might provide some indirect information
about the optical and electric properties of the isolated molecules, as well as about the
force parameters for interacting unlike molecules.
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