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Résumé. — On calcule I'anisotropie optique effective des molécules polaires dans la deuxiéme
approximation du calcul statistique des perturbations en tenant compte des interactions dispersion-
nelles, dipdle-dipéle, dipdle-quadrupdle, quadrupdle-quadrupdle, dipdle induit-dipdle, dipdle
induit-quadrupéle, ainsi que des répartitions moléculaires. On montre que les interactions radiales
a trois molécules abaissent fortement I’effet des interactions radiales & deux molécules. Une analyse est
donnée du modéle de la configuration privilégiée & deux molécules, pour des molécules polaires
allongées et aplaties. Des calculs numériques sont effectués pour le CH;CN et CHCI, liquides, dont
les molécules présentent respectivement une anisotropie permanente positive et négative de la pola-
risabilité. La comparaison avec les résultats expérimentaux permet d’établir le pourcentage des
molécules formant des paires privilégi¢es dans le liquide.

Abstract. — The effective optical anisotropy of polar molecules is calculated to within the second
approximation of statistical perturbation calculus taking into account dispersional, dipole-dipole,
dipole-quadrupole, quadrupole-quadrupole, induced dipole-dipole and induced dipole-quadrupole
interactions as well as molecular redistribution. Three-molecule radial interaction is considered,
leading to a very large reduction in the effect of two-molecule radial interaction. The model of favour-
ed two-molecule configuration is analyzed for rod- and plate-like polar molecules, and numerical
calculations are performed for the liquids CH;CN and CHCIl;, the molecules of which exhibit,
respectively, positive and negative intrinsic anisotropy of polarizability. The calculations are com-
pared with the available experimental data, and the percentage of molecules forming privileged pairs
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in the liquid is determined.

1. Introduction. — The recent intensive studies
of matter by optical methods have yielded abundant
information on the optical properties of media and
their internal structure. In particular, the analysis
of linear [1] and especially nonlinear optical pheno-
mena [2] in liquids leads to highly stimulating conclu-
sions as to the intermolecular interactions in this state
of condensation. They intervene very markedly,
among others, in anisotropic light scattering and the
optical Kerr effect in liquids [3-6] and liquid crystals
[7]. The measurement of these two effects permits
the determination of the effective optical anisotropy
I'? [3, 4], characterizing the optical anisotropy of the
linear polarizability of a molecule surrounded by its
neighbours in the liquid. The influence of its nearest
neighbours on the optical properties of a molecule
is weak in strongly rarefied media, such as gases under
low pressure, but is considerable in the liquid state.
Various intermolecular interactions, primarily of the
multipolar kind (e.g. dipole-dipole, dipole-quadru-
pole, quadrupole-quadrupole) [4], in conjunction with
the geometry of the molecule, lead to the emergence of

structural order in shortest-range regions in the liquid
and the formation of momentary systems of mole-
cules. In the case of molecules endowed with a per-
manent dipole moment (CH,CN, CHCl,) the dipole-
dipole interaction is predominant, leading to the
formation of privileged two-molecule configurations :
an antiparallel, and a parallel configuration, as consi-
dered by Piekara [8] for nonlinear molecular reorien-
tation phenomena. Quite generally, molecular liquids
can present a diatropic, or paratropic, structure [9].

Here, we perform an analysis of the effective optical
anisotropy of dipolar liquids on the assumption that,
except for the molecules involved in the above men-
tioned two-molecule systems, no configuration is
favoured as regards the molecules of the liquid, but
that nonetheless well-defined radial, dispersional and
multipolar interactions exist between them. The
effective optical anisotropy is calculated using the
molecular-statistical perturbation calculus to the
second approximation inclusively, and is shown to
depend on angular, radial and angular-radial para-
meters. A comparison of the theoretical model
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calculations and effective optical anisotropy values
determined experimentally from anisotropic light
scattering [10, 11] permits us to assess the percentage
of molecules involved in the privileged two-molecule
systems.

2. Fundamental formulae. — We consider a liquid,
of volume ¥V, with N anisotropic molecules of a single
species. In the absence of internal interference and
spatial dispersion, the effective optical anisotropy
is given as follows [4, 12] :

re < S ¥ D,:D >
p=1 g=1

where the symbol { ) stands for statistical averaging
in the presence of molecular correlations, and D,
is the deviator of the symmetric tensor of linear optical
polarizability A, of molecule p, acted on by the
surrounding medium. The deviator D, has the pro-
perty of zero trace : D : U= 0 (with U — the rank
2 unit tensor). Also, if the linear optical polarizability
tensor A, is isotropic (as it is for non-interacting,
isotropically polarizable atoms and molecules), the
deviator D, = 0. However, in the general case, A,
depends not only on the optical properties of the
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molecule considered in isolation (on its linear optical
polarizability a,) but moreover on how the neigh-
bouring molecules perturb its linear optical polariza-
bility a, In this paper, we shall be dealing with
dipolar molecules having the axial symmetry
(CH;CN, CHCl,), for which the tensor elements of a,
in the system of principal molecular axes satisfy the
relation a; = a, # a; (the 3-axis being taken as
the symmetry axis). For this class of molecules, a,
can be expressed in diagonal form, split into an iso-
tropic and an anisotropic part :

a,=a,U+1y,S,, 2

where a, = a, : U/3 is the mean linear optical pola-
rlzablhty of the isolated p-th molecule, y, = a9’ — af’
its intrinsic anisotropy, and the tensor

S, =3k,k, — U,

with k, — the unit vector along the symmetry 3-axis
of the molecule p. Restricting ourselves to transla-
tional Yvon [13] and Kirkwood [14] fluctuations and
translational-orientational fluctuations [12], we cal-
culate in a dipolar approximation the following,
successive approximations of the effective optical
anisotropy {5] :

©)

Y S(p.qg.r){9a%yS,: T, + 6ay*S,:(S,.T,) +¥*S, : ,-T,.S) }> , @

g7, 8){243a* T, : T +

S, :(S,.T,.T,)
2S,:T,)(S, :T,]

£ (84-Ty-S,. T,.8)
(5)

where S(p, g, r), S(p, g, r, 5) are operators symmetrizing the right-hand quantities in p, ¢, r and p, g, r, s respec-

tively, whereas T , is the tensor of dipole-dipole interaction between molecules p and g, separated by r,; in the
absence of spatial dispersion, T, is of the form :
Ty = =1, Gryr,, — 1, U). ©)
Considering two-molecule interactions only, we obtain [5, 6, 12] :
rg =y1+Jy, 0
It =4y*Ga+yJ, +2ay3a—1y)J,, ®
28 2 67
_ 4, 40 2.2 <« 3, O 4 4
<9a + Ty +3ay +225y>JR+7y K, +
+2y2<9a2—14ay+13—1-y2> K2+12)’2< %V) K
+ 24)’3( —%V>K4 - 109? <a —% >K5 + 2))2(12412 + - ¢’ >K
1
+3ya——)(6a y)K7+2y<a—3ay+;2>K )
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where [15] : .
JA=%<Z{3cos20pq—l}> (10)

p#q

is the angular correlation parameter for anisotropically polarizable molecules, with cos 6, = k,.k,;

JR=z<zr;;> an

p#q

is the parameter of two-molecule radial interactions [15]; and the parameters J,, J,, K;, ..., Kz are those of
angular-radial correlations [6] :

J; = %< }; fi(cos 8,,, cos 8, cos 6,) r;q3> , (12)

p¥q
K =1 < ; hy(cos 8,,,, cos 6, cos 6,) r;q6> , (13)

p*q

where cos 6, = Kk,,.r,/r,,, the functions f; and A; being of the form :

fi = hy = 3cos B, cos 6,cos 6, — cos® 6, (14)
fa=hy; =3cos?6, + 3cos? 0§, — 2 (15)
hy = 9 cos® 8, cos® 0, cos? 6, — 6 cos® 8, cos 0, cos 0, + cos* 6, — 7% (16)
hy = 3 cos* 0, + 3 cos* 6, — 3 cos? §, cos® 8, — cos? §, — cos® §, — % an
h, = 3 cos 6, cos® §,cos B, + 3 cos 0, cos 6, cos’ 6, — % (18)
hs = 3 cos? 0,, cos® 0, + 3 cos® 0, cos* 6, — % (19)
he = 9 cos® 0, cos® 6, — 6 cos 0, cos 8, cos 8, + cos® 0, — % (20)
hg = 3cos*0,, — 1. @1

The functions f; and A, are defined so as to vanish on isotropic averaging over all orientations with equal proba-
bility :

< fi(cos B, cos 0, cos B)) >g = { hi(cos 0, cos 0,,cos 0,) 5o = 0. (22)

e

One notes that the parameters (10)-(13) are symmetric in the molecules p, g.
If moreover three-molecule interactions are taken into account in the isotropic molecule approximation,
the contribution to I'? from these interactions is of the form (see Appendix A) :

3 =144n2p%a*1, (23)

where :

o

= Jm 7o €Xp[— Ulr,)/kT] drquv re €xp[— U(r,)/kT] dr,, X

0 0

Teatrer 3cos?6 — 1
X J~ rp, { €Xp [— U(rp,)/kT] -1 } _35——'(17'1", (24)
Irpg=rar | pa'ar

with cos 6 = r,,.r,,/r,, 7, The integral (24) can be calculated analytically for the rigid sphere case [16].
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TABLE 1
r=25°C, A=63284
px 10720 | (1) |ay x 10%*] a; x 10%* | a3 x 10%* | ax10?* [ yx10%* |ux 10'® [ ©@x10%¢ | ax 10% | e/k T2, x10* ()
Liquid | [em™3 ()| =» fcm?) [cm?] [em?] [em?] [em®] | [esu] [esu] [cm] K1 [cm®]
CH,;CN 11.40 1.340{ 3.70 () 3.70 543 4.28 1.73 1 399 1.8 (¢) |4.10(¢) [ 349 () 5.33
CHCl,4 7.47 1.441] 9,01 () 9.01 6.68 8.23 — 2331 1.15 — 5.31 (-")‘ 355 (%) 7.64

(“) Determined with ¥V, from the paper of TIMMERMANS, J., Physico-Chemical Constants of Pure Organic Compounds. Vol. I (Elsevier
Publ. Co. New York) 1950.

(") From reference [10].

() LEFEVRE, C. G, LEFEVRE, R. J. W., Rev. Pure Appl. Chem. 5 (1955) 261.

() STUART, H. A., Die Struktur des freinen Molekiils, Bd. 1 (Springer-Verlag, Berlin-Géttingen-Heidelberg) 1952.

(°) Gierkg, T. D., TIGELAAR, H. L. and FLYGARE, W. H., J. Am. Chem. Soc. 94 (1972) 330.

(/) SAXENA, S. C. and JosHi, K. M., Phys. Fluids 5 (1962) 1217.

(¥) Rem, R. C, SHERwoOD, T. K., The Properties of Gases and Liquids (Mc Graw-Hill, New York) 1966.

(") Determined with the R™ value of reference [10].

3. Detailed discussion of the effective optical aniso- dipole moment u, quadrupole moment ©, optical

tropy of dipolar liquids. — The interaction energy of
two dipolar molecules of a liquid in the configurations
7, and 7, can be written in the form :

Uty 1) = Ulr,) + Vit 1) s (25)
where U(r,,) is the central interaction energy and
V(z,, 1,) the noncentral (tensorial) interaction energy
of dispersional, electrostatic multipole, and induced
multipole origin. Since dipolar molecules can have
a quadrupole moment as well (see Table I), the energy
V(t,, t,) takes the form :

N G R O A

+ VeTe 4 pef 0 (26)
with interaction energies : V4*P-dispersional; V* -
dipole-dipole ; ¥*~®-dipole-quadrupole; V®~6-qua-
drupole-quadrupole; F*~“-dipole-induced dipole;
and V* ®-induced dipole-quadrupole; the inter-
action energies due to higher order multipoles are
omitted here. The energies (26) are dependent on the
electric and optical properties of the molecule (their

polarizability a, and anisotropy of optical polariza-
bility y), their distances, and mutual configurations,
and are given in references [2] and [4].

3.1 WEAK INTERACTIONS. — In calculating the
correlation parameters J and K we assume the follow-
ing form of the two-molecule correlation functlon

93, 1) 31 :

g(Z)(Tpa Tq) =Q 2 g(rpq) x

x exp{ —

= J’da)p = deq.

If the intermolecular interactions are not excessively
strong, one can proceed by a series expansion of the
exponential function. In the zeroth approximation,
all J and K except Jp vanish. With the energy
V(r,p @, @, taken into account, the influence of the
various interactions (26) on the correlation parame-
ters is found to be given by the following expressions :

V(1 e @, @)KT }, (27)

where

2\2
)

2\ 2 _ @2
+af)<%>]<r 6>+'k—7:

2 'uZ 2
. aﬁ\lz’<ﬁ> +

2\ 2
(4) 5y H -8 &€ ~10
< + oy kT>< >+ o <kT> {r >+
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J =
' [“ kT kT T
@ 1

02 h u?
+k—T[§7’FvT+ o o7+ a<9’( >]<r‘“>
hv hv 2\?
(10) (11) S azf &~
* [“ <kT> T TR T (kT) *

+ a§16)<@_2>2< —16> + — + (18)<
i kT a

The «” and o™ are numerical coefficients or ones
dependent on the mean linear optical polarizability a
and its anisotropy y, and are given in table II. The
factors at o and o in eq. (28) and (29) indicate the
type of 1nteraction to which the contribution is due
(e.g. hv/kT indicates the contribution from disper-
sional interactions, u?/kT the dipolar contribution,
etc.). The parameters K; of the interactions repre-
sented by eq. (26) are of the form :

N o1 £ IS
kT kT

Kidisp — ﬁf”%( 7‘_12> + e (30)
,u2 2

Krr = B%”(/Tr) 4, 6D

B(3)<kT> <r—14> + o, (32)

KOe = ﬂi“’k—T<r““> tee 0y

ﬁ(S) <r—12 >+ (34

Ko = Oty e ()

The B, like the of, are numerical coefficients or
ones dependent on such molecular parameters as
the mean linear optical polarizability and polariza-
bility anisotropy of the molecule. The coefficients
B™ are assembled in table IIL

The (r™") occurring in eq. (28)-(35) are two-
molecule radial correlation parameters of the form :

(rmy = T‘; H rom g(r,,) dr, dr, . (36)

3.2 STRONG INTERACTION. — By strong interaction
we mean the formation of momentary molecular
assemblies (e.g. pairs of molecules). Their form
depends on the optical, electric and geometrical
properties of the isolated molecules.

3.2.1 Molecules with positive anisotropy of linear
optical polarizability (y > 0). — In a dipolar axially-
symmetric molecule, the dipole moment is directed

EFFECTIVE OPTICAL ANISOTROPY OF POLAR MOLECULES

2
</€T> :, r 2>+ g;(qm + o £ )(r_“ >+ oc“’(f;)z (rrt?y +

hy 2 U
(13) (14)f £
“ kT(kT) T <k
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2y’ (15) .“2 4 -15
) (i) o

(29)

e

along the symmetry axis (p = pk). Molecules with
positive anisotropy, y > 0, tend to form pairs in
which the two dipole moments are mutually anti-
parallel (Fig. 1la). With the two molecules thus
arrayed, we have the relations : cos 6, = cos 0, = 0,
cos(m — 6,,) = — cos 8, and the interaction ener-
gies of eq. (26) become functions of cos 6,,. We now
have [4] :

— UlkT = y, + y, cos 0,

where :
2
” .3

TP‘I’

— yycos’ 8, (37)

=

(38)

1

=~

1 _ _
Y2 = 5% (12621, — y(hvy + 8 p?) r,° (39)

o0
Pl

In order to circumvent integration over r,, in eq. (10)-
(13), we approximate the mutual distance between
the two molecules [17] :

6 u\'?
Ypg = E/_)'

where the parameter u takes values from the interval
0.6 < u < 0.74. Our calculations are performed for
u = 0.6. For the antiparallel configuration, the para-
meters J and K can now be written as follows :

JA=%Z{3L2(J’1,iJ’2)_ 1},

(40)

@41
(42)

~

U/

al b)

FiG. 1. — Favoured configurations for rod and plate-like axially-
symmetric dipolar molecules : @) antiparallel ; b) parallel.
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TABLE 11
Coefficients o4 and o{™ occurring in eq. (28) and (29)
n o) a? o
1 L (30a — y) L
300 900y a- oY
2 2 D)
2 ﬁy —2——2—5(1511 + 47y) I—Sa
3 L 1 2
75 25 15
4 - (6a+7y) = (0a+ 7y
357 105 ary 73 7
s = ks L]
35 35 175
6 hd 3 4
35 49 7
12 3 1
T o a? ~ T3 1@la = 57) =572la -8y
8| - Qla+17y) — ——(84a + 6597)
12257 1225 Y 175 7
9 _ B 144 12
1225 1225 33
U aaay o2 . L e s . L ]
10 176400))(44111 84ay + 38y%) —176400y(357a + 986 ay + 38 7% —12600y(45a + 63ay + 11y%)
1 2 2 1 R . 1 , ,
11 55735 144 @ + 168 ay + 627%) G Tsg /S 48147 + 2037 ay + 43177) 3750 7720 @ + 219 ay + 65 7%)
2 2 2
12 11025(441a + Tl4ay + 14577 33075(9891a +5502ay + 138797 1575(1ssoa + 732ay + 137092
1
13 4100 7210 a + 97 v) 47560 700 (378 a + 65y) 1% 150 (198 @ + 43 y)
14 3675(21‘”“?) 3675(21a+8v) 1575(51a+19y)
5| s 16
1225 735 525
16 245(21a+2y) —%(57a+47y) 1225(7a+8y)
1 , L ] )
17 55 (1684° + 418ay + 12?) T o35 (5 607 @ + 2598 ay + 806 ) 3675(10710a +4662ay + 132492
18 3675 675 To7s 83a +94y) : 225 55c (399 a + 1227) 1o 675 ———(1617a + 478 y)
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B

2940y(42a+ 25y)

Wv(%a )]
o5 720a —79)

-3%6})(1761 + 27v)
ﬁy(@a + )

1
WVGO a+ 19y)

0%
1
300 7

TasLE 111

Coefficients B\ occurring in eq. (30)-(35)

A

13
245
1
25
2

1575

46
525
104

1575

225

I~ Gl

. 735

o
(21 a+ 32y

225 =z (15a+ 4y

—=—=30a - 119)

1575 575

525 (5la+297y)

5% 575 (147 a + 55 )

225 (15a + 24 y)
2
-l—Sa
2
ﬁ?

3 675
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g

T35 225 84a + 47y)

105(6a +9)

525 (120 a — 39 y)

32 42a + 137y)

1225 ——@9a+ 159)

525 — (60a + 47y)

175 (G0a + 77)
2
357

where z + 1 is the number of molecules forming an

assemblage ; the L,(y,, + y,) are Langevin functions

g
6 228
49 1225
_Me 0
350
non
175 25
88 72
1225 175
752
3675
1691 12
2100 25
68
75 0
2
— 0
3
@3)
[18] :

(44)

Ln(yla i y2) =

j cos” 8, exp { y, cos 0,, + y, cos? 8, } sin 0,,db,,

(45)

0

J exp { y, cos 0, + y, cos’0,,}sin 6, db,,

whereas the coefficients b,, ¢; are given in table V. The higher and higher approximations to the effective optical

anisotropy (7)-(9) now become :

{18(1“— 18a%y + 16a?‘y2—l

y2<6a2 + Say —%

1
yz{l +§Z[3L2(Y1, t ) — l]}’

—{2ayBa—1yp) +2y*Ba+ y) Ly (yy, __Y2)}6

a32+
3 37

(46)

(47)

) Ly(y1, £y, + ;v Ly(y,, yz)} ( Z) z. (48)

3.2.2 Molecules with negative anisotropy of linear optical polarizability (y < 0). — Molecules with a
negative anisotropy (y < 0) tend to align with dipoles parallel (Fig. 15). Their geometrical axes are then parallel

to the vector connecting their centres as described by the relation : cos 8, = cos 6, = cos 0,
energy (26) does not depend on the angles 6

P Vp U@

6., 0, and we have

= 1. The

Ja = z, whereas the parameters J;, K; and Jg
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are now given by (42), (43) and (44), respectively. The coefficients ; and ¢, for this configuration (as well as for
the antiparallel one) are given in table V. The effective optical anisotropy (7)-(9) now becomes :

rg =»*1+ 2z,
np

Ir=4y3ad*+2ay+ y) =z

6u

14 2
r :2<9a4+ 18a’y +23a*y* + 30y’ +6y4> <££> z.

4. Numerical calculations and conclusions. — We
carried out numerical calculations for two selected
liquids, namely CH,;CN and CHCI;, with axially-
symmetric molecules possessing positive and, respec-
tively, negative anisotropy of their linear optical
polarizability. Table I gives the properties charac-
terizing the two liquids as well as their molecules.
The effective optical anisotropy I'Z,, determined from
anisotropic light scattering measurements, differs
from the polarizability anisotropy of the isolated
molecule y?, the difference being due to contributions
from various interactions. This difference I'2, — y?
is positive in both liquids.

With the aim of calculating strictly I'Z., — the
influence of interactions on the effective optical
anisotropy -— we took into consideration moreover a
higher approximation to effective anisotropy in the
isotropic molecule approximation [19] :

;7 =36a°{(r°>. (52)

We performed our numerical calculations of the

parameters { r~" ) with the function g(r,) in the
form :
g(rpq) = gO(rpq) + pgl(rpq) + pZ gz(rpq) + (53)

where
gO(rpq) = exp{ - U(rpq)/kT} ’

the potential U(r,,) being of the Lennard-Jones (18-6)
type; g,(r,,) and g,(r,,,) are successive approximations
to the distribution function in the rigid sphere approxi-
mation, and are to be found in reference [20]. In
table IV we give the contributions to the effective
optical anisotropy from various types of interaction
calculated in accordance with the considerations of
section 3.1. In the case of the liquid CH;CN, the

(49)

; ‘ (50)

6u D

TABLE V

Coefficients b, and c; for antiparallel and parallel

configuration
Antiparallel Parallel

1
by - —2-L2(y1, 1 ) 1
b, -1 2
1 6 47
€1 EI:L‘;(J’D T ) — B:l 75

1
€2 - ELz(J’b t y3) 1
3 6
‘s 10 5
3 42
‘s "3 3
1 8
‘s 3 3
1 2 5
Ce 3 |:L2(J’1a Ty - ‘3{| 3
¢y -1 2

1

Cg 3 |:3 Ly(y1, £,) — 1] 1

decisive contribution, markedly in excess of all the
others, is due to dipole-dipole interaction. Two-
molecule radial interactions yield a positive contri-
bution, amounting to 18,13 x 10™*® cm®, whereas
three-molecule radial interactions yield a negative
contribution of — 12,92 x 107*% cm®, thus jointly
contributing 5,21 x 10~48 cm®.

In the case of CHCI, the largest contribution to
effective optical anisotropy is due to dispersional

TABLE IV

Interactions influence on the effective optical anisotropy (in units of 10~4® cm®), at t = 25 oC

1 2 3 4 S 6 7
liquid y2 disp p—~pu u—-60 -0 o -
CH,CN 299 1.12 115.64 3.83 — 0.01 1.97
CHCl, 543 183 — 0.48 — — — 0.09

8 9 10 11
- e Iy
@- 6 radial g s 6174849 (24 10)
0.11 5.21 12747 130.86
. 1.86 312 8.55
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and radial interactions. It should be noted that the
one from two-molecule radial interactions, described
by the Lennard-Jones (18-6) potential is considerable
amounting to 77.58 x 107*% c¢m®, but is strongly
lowered by the contribution from three-molecular
radial interactions, eq. (23), which amounts to
— 75.72 x 107*% cm® The negative sign of the
contribution from dipole - dipole interaction
(— 0.48 x 107%® cm5) is due to the negative aniso-
tropy of linear polarizability of the CHCIl; molecule
(y < 0).

The effective optical anisotropy thus calculated for
CH,CN and CHCl; amounts to 130.86 x 107*® cm®
and 8.55 x 107*% cm® respectively and differs
from the experimentally determined values ‘of
5.33 x 10748 cm® and 7.64 x 107*® cm® [10]. The
divergence, in the case of CH;CN, is very considerable.
Consequently, we assume the existence of two-
molecule systems as well, as considered in section 3.2,
i.e. that the molecules of CH;CN tend to array
themselves in pairs with antiparallel dipoles and those
of CHCIl; with their dipoles parallel to each other.
On this model we obtain by eq. (38), (39) for CH;CN
yy = 3.68 and y, = — 0.02 and hence by eq. (46)-
(48) a value of I't =2.50 x 107*% cmS, where I'}
stands for the effective optical anisotropy of the
molecule when in a two-molecule pair of antiparallel
dipoles. Denoting by x the percentage of molecules
forming two-molecular pairs and by I'y the effective
optical anisotropy of the molecule at weak interaction
with its neighbours (Table IV), one can determine x
by comparison with the value of I'%, from anisotropic
light scattering measurements. One has :
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Insertion into (55) of I'd = 130.86 x 107*® cm®,
I'ép =533 x 107*¥ cm®, and I'f = 2.50 x 10™*4cm®
leads to x = 0.977.

Calculations along similar lines for CHCl; with
r{ =271 x 107*%  cm® from eq. (49)(51),
I'é, = 7.64 x 107*® cm® from table I, and
'y =8.55x 107*% c¢m® from table IV lead, by
eq. (55), to a value of x = 0,156.

6

These results show that, in liquid CH4CN, the vast
majority of molecules form two-molecular systems
with antiparallel dipoles of the component molecules.
In liquid CHCI, the percentage of molecules involved
in pairs is very markedly lower, quite obviously
because the dipole moment of the CH;CN molecule
is more than three times larger than the dipole moment
of CHCI,. By the way, the percentage of molecules
involved in pairs in these liquids is probably lower than
the percentage calculated above, as in reality mole-
cules in pairs are much closer to each other than the
result of eq. (40), which describes the mean distance
between molecules in the liquid. Even so, the above
model of a liquid, composed of axially-symmetric
molecules having a permanent electric dipole moment,
provides an adequate interpretation of the effective
experimental value of the optical anisotropy.
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APPENDIX A

The contribution to effective optical anisotropy I'? from triple radial interactions of isotropically polariza-
ble molecules is given by the following expression [2, 15, 19} :

2
r:=18q4* p-VJ.‘”‘ {3(r, 1) — 13,12

are position vectors of molecules p, g, r whereas g®)(r,, r,, r,) is the three-molecule radial corre-

where r,, 1, T,

lation function which, in our case, takes the form :

g, 1, 1,) =exp{ — U, )kT} exp{ — Ulr,)/kT }exp{ — U(r,)/kT} .

-5 =5 (3)
Yog Tar 9 (r

r,)dr,dr,dr,, (A.1)

p? r‘l’

(A.2)

On going over to co-ordinates attached to molecule ¢ and on performing integration over r, in eq. (A. 1), we get
a six-dimensional integral in the variables 7, @4 0,0 T'ars @grs 0, In order to calculate the integrals, we carry
out the transformations indicated in reference [21]. We go over to variables ¢~ = @,; — @pr @* = @py + Oy
and integrate over ¢ ; next, we perform a transformation from variables cos 0, cos 8,,, ¢~ t0 0, &, i, defined
in figure 2. The Jacobian of this transformation is sin 6 cos 0. Finally, on going over from 6 to r,,, we have :
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r? =36aq* npzj dr,, ryaexp{ — Ulr,)/kT}
0
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@© Tpqtror
J drp, ryexp { — U(r,)/kT }
0

dr,, rp X
[rpg—rarl
21 +n/2
x exp { — U(r,)/kT } { 3(x,,.x,)° — r2 12 } rid r‘qrf‘J daJ. dBcos B .
0 —-n/2
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X

F16. 2. — Coordinate system for the calculation of the influence
of triple molecular radial interactions on the effective optical
anisotropy.

Integration in (A.3) over a and f§ leads to eq. (23) since, for rigid spheres,

dr,, rotexp {— U(r,)/kT } J dr, r-
0 0

rpgtrer
oot exp { —U(r kT }J

dr,, 1, {3(r, 1) =12, 12 }=0.

(A.9
Likewise, from the general expression (5), one can obtain a term in four-molecule correlations which, in
atomic liquids, play an important role leading to a positive contribution [22].

[rpa=rarl

APPENDIX B

In order to calculate the parameters { r~" > we have recourse to the following forms of the functions g,
and g, from the expansion (53) [20] :

2 1r, L(fr\
e+ | - <
gu(r) = 2TraI:3 20+24<a)]’ o<
0,

r<o B.1)
otherwise
go(r) = fp(r) + 29, (B.2)
wos|— (2Y 1260 + (2) 20 - (2 3/6~ A 4+21-2+£<ﬁ>_ s<r<3o
o(r) = o o o g 50 4 70\¢ " (B.3)
0, otherwise,
o (1Y r\* ry? ry 97
o= 7o (&) o= (5 o (2] fo () o~
0, otherwise.

r 16 9 /r\!
stT 3—s<;> ]"’<’<2"

(B.4)

Ne 12

(A.3)
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Those parts of { r~" > which originate in the functions g, and g, are of the form :

2

n’p

2

oy =1+ 6my, (B.5)
forn =7
872 p2[ 2 . 1 _ 1 3
= =B~ (-2 4y——(1-2n, @B
rton="0me [3(n—3)( ) "= a 't =6 )] ®.6)
and
1.4 37
-6 . 3 .3 32 _——
{r >, =4n’p a(6ln3 864)’ B.7
1 4 1523
-9\ g3 .3 4
(=4t [1 203 * 217728] ; (®-8)
forn = 8andnr = 10
1 1
—n — 3 .3 _,.9-n __n"10-n 9—ny __ __ "8-n T-n
(rmS, =4 pPa [————1260(”_9)(1 207 4 3 — g (L= 2 ) 4
1 __ "T7—n 6—n 1 __n6—n S—ny __ 97 §§__ 5-n @ 4—n
ton—gld 2 P = - T I gl Y T g3
16 (47 ... 8., 9 1 oyl 3.,
> n o 3 . - n = n X B.
+9(n—3)<64 2wl ) Ba-H\z 2 T332 (B.9)
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