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The influence of reorientational processes on circular intensity difference scattering (CIDS) in
a static electric field E, is analyzed for systems of optically active dipolar molecules with the
point group symmetries 3, 4, 6, and < and of optically active nondipolar molecules with the
symmetries 32, 422, and 622 for three experimental configurations: (i) at E; perpendicular to
the plane of scattering; (ii) E, parallel to the incident light beam; and (iii) E, parallel to the
wave scattered in the direction of observation. The effect is described in terms of molecular
reorientation functions and is dependent on the experimental field configuration, the electro-
optical properties of the molecules, and the field strength E,. Numerical calculations of
molecular reorientation functions are performed for arbitrary degrees of electric saturation.
The effects are accessible to observation in solutions of macromolecules by advanced laser and

optoelectronic techniques.

1. INTRODUCTION

Rayleigh light scattering by isotropic media has long
been applied to study the optical properties of atoms and
molecules as well as their interactions.' The predominant
contribution to the Rayleigh intensity comes from electric-
dipole scattering related with electric-dipole transitions (po-
larizability “a®). However, other scattering processes con-
tribute as well, due to higher-order multipole transitions
{both electric and magnetic) as described in terms of the
respective multipole polarizabilities.*

To achieve a complete description of Rayleigh and Ra-
man optical activity, one has to take into consideration in the
vibrations of the electric dipole moment induced in the mole-
cules by the circularly polarized incident optical wave: (i)
electric-dipole transitions (polarizability ‘a€); (ii) magnet-
ic-dipole transitions (polarizability “a™); and (iii) electric-
quadrupole transitions (polarizability “a‘®’®); and more-
over—in the vibrations of their magnetic-dipole and
electric-quadrupole moments—(iv) electric-dipole transi-
tions with the polarizability "o and respectively (v) with
the polarizability “®’a°. Multipole transitions of higher or-
der can be neglected.

Rayleigh and Raman optical activity, as closely related
with molecular structure, is the object of intense theoretical
and experimental investigation, both in the absence of exter-
nal fields®” and in the presence of a static magnetic'®?! or
electric’?** field.

The molecular theory of circular intensity difference
scattering (CIDS) formulated for scattering at right angles
to the propagation direction of the incident circularly polar-
ized beam and real wave functions for the multipole transi-
tions® has been extended to molecules with a degenerate elec-
tronic ground state®™”'" and arbitrary angles of scattering
observation.>'"'> The entire four-by-four Mueller scatter-
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ing matrix has also been calculated.!’?* In the absence of
external fields, CIDS occurs only in molecular systems with
natural optical activity.

The application of a static electric field perpendicularly
to the scattering plane (the YZ plane in Fig. 1) causes CIDS
to occur in optically inactive molecular systems too. This is
due to two fundamental mechanisms: (i) the charge distri-
bution in the molecule is modified by the external field thus
affecting its multipole polarizabilities, which can be deter-
mined applying quantum-mechanical perturbation calcu-
lus;** and (ii) the molecules undergo a reorientation by the
field, to be calculated by methods statistical mechanics.??

The present paper deals with the influence exerted on
CIDS by molecular reorientations due to an external static
electric field of arbitrary strength applied in threefold man-
ner to a system of optically active molecules. The CIDS by
reorientation of optically inactive molecules in an electric
field has been discussed by one of us (S.W.) in full detail for
arbitrarily strong molecular reorientation (from very weak
up to the strongest achievable in macromolecular systems)
in a separate paper.?’ -

ll. THE CIDS IN dc ELECTRIC FIELDS

We consider a system of NV noninteracting molecules ina
volume V in which a light wave, right ( 4 ) or left ( —)
circularly polarized, propagates in the direction of the Z axis
of the laboratory coordinate system {XYZ} ( Fig. 1). The
electric dipole m*, magnetic dipole m™, and electric quadru-
pole moment Q induced by the electric field E and magnetic
field B of the incident wave in the presence of the external
static electric field E, can be written in the form?*?°

m;, = eafx/](E())Eﬁ + ea:g(Eo)Bg

+ Ya BNV E, + -7, (1)
myg ="a s (E))E; + -, (2)
Qap = “Palp, (E)E, + . (3
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Other higher multipole moments and higher multipolar
(ransitions can be neglected. On denoting the CIDS by

e-icg)-1:(3) :
I ‘—1,(2 - {5 4

|

0 = 2KE*(Im[cal, (Bo)aif(Ey) — “at, (Ep)al*(E,) + ‘a

— ag, (Eg) " (Ey) | + %’— Re[ ‘at, (Eo)‘al)™* (E,) —

zzy

_ CZ (Eo)c(Z) yyz(E() +

where E is the amplitude of the electric field of the incident
light wave with frequency w; (---) ¢ stands for statistical
averaging in the presence of the field E, moreover,
K = pw*(3277€,cR ?) 7! with R the distance from the scat-
tering center; and p = N /V.

Applying quantum-mechanical stationary perturbation
calculus, the multipole polarizability tensors of Eq. (5) take
the form

eeemmee

where T stands for “a®, ‘a™, ™a, a‘ e, or “ Vg,

In what follows, we shall be con51dermg systems of mol-
ccules with a nondegenerate electronic ground state, i.e.,
molecules for which the wave functions can be real. The
polarizabilities of interest to us describing the respective
multipolar transitions can be expressed in the following
form:*

g = Poag + Mg = B ha + 5. (7
agy =i( 7’:15"‘191? ), (8)
I X
3
£* é
E-‘{_(-\ f
i 2
L
Y

'l(' 1 . .
’ Su“"'"& configuration discussed in the present paper.

(Eo)'(z)axyz (E,) ] )g ’

where / * (77/2) is the light intensity scattered at the angle
6 = m/2 (with respect to the propagation direction of the
incident beam) linearly polarized with electric field along
the Z axis, at incident light right ( + ) or left ( — ) circular-
ly polarized, we have'!

5 (Eo)a*(Eg) + @, (Eq) "ast (Fo)
a5, (Bq) @)™ (Ey)

(5)

ap—’( 7’:34‘""19‘3)-* —l(e?/ga +IT’3/;¢), 9)

afj}; % ;By + naﬁr - ﬂarﬁ + 1 77«1’0’ (10)
cmaaﬂy = ﬂraﬁ + i 77;'aﬁr (1)

where all the tensor components 3, v, 3, and ¥ of Egs. (7)-
(11) are real and symmetric with respect to time inversion (i
tensors); the tensors 1 and ¥ are related with absorption.
The quantum-mechanical forms of the tensors (7)~(11) are
to be found in Ref. 30.

On restricting ourselves in Eq. (5) to the first term of
expansion (6) (since we are interested here in the influence
of reorientational processes only—the second term, related
with modifications in the charge distribution of the molecule
in the field E, in the presence of molecular reorientation will
be dealt with in a separate paper) and on neglecting absorp-
tion, we obtain

P 2KE[(BY (Vi — Vi) — BLul¥a + Va)e

+—'— (eﬂzx( zzy

+ By (B — Bk ]

For molecules of very low symmetry for which the ten-
sor of linear electric polarizability (w = 0) possesses three
different components B, (0)#B 5, (0) #B 5, (0) (sym-
metries of the point groups 1, 1,2, m, 2/m, 222, mm2, and
mmm}), the averaging procedure (12) leads to results of a
high degree of complication. Accordingly here, we shall con-
sider molecules for which the tensor components 3¢ (0)
fulfill the relation B¢, (0) = 6%, (0) #B %, (0) (the sub-
scripts 1, 2, and 3 refer to the molecular system of coordi-
nates). This is the case for optically inactive molecules with
the point group symmetries 3,3m, 3m, 4, 4/m, 4mm, 42m,
4/mmm, 6, 6/m, 6mm, 6m2, 6/mmm, com, o /m, and oo/
mmm for whxch the influence of reorientation in a static
electric field on CIDS has been analyzed by one of us (S.W.)
in detail;*’ this too is the case for the opticaily active mole-
cules of interest to us here {point group symmetries 3, 4, 6,
w0, 32, 422, and 622) among which those belonging to the
point groups 3, 4, 6, and co possess a nonzero permanent
efectric dipole moment . (directed along the 3 axis of molec-
ular coordinates ), whereas the others ( point groups 32,422,
and 622) are nondipolar.

— B

(12)
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In the case of dipolar molecules of the point groups 3, 4,
6, and o, the distribution function to be applied in the aver-
aging procedure (12) is of the form?>'

exp(p cos & + g cos® ) (13)
41 §T exp(p cos 9 + g cos? F)sin 9 dJ
where we have introduced the dimensionless parameter of

reorientation of the electric dipole and the dimenstonless pa-
rameter of reorientation of the polarizability ellipsoid

f(ﬁrEO) =

kT’
SIS (15)
2kT
with §(0) = ‘655 (0) — B 1, (0)— the anisotropy of polar-

izability of “B“(0). The signs “ + ” and “ —  correspond,
respectively, to molecules with positive and negative anisot-
ropy 8(0), whereas 17 is the angle subtended by the field E,
and the 3 axis of molecular coordinates (the symmetry axis
of the molecule). The distribution function (13) being inde-
pendent of the other two Euler angles ¢ and ¢ (0<4<2m,
0<y¥< 27, 0<I< ), when going over with the multipole po-
larizability tensor components (12) to molecular coordi-
nates, the averaging over these two angles reduces to isotrop-
ic averaging®*®

(cos" @ ) = {cos" ¢)
= {sin" ¢ ) = (sin" ¢f)
(2t — 1)1
= 2!
0, for n=2r+ 1.

, for n=2

For nondipolar molecules (point group 32, 422, and 622),
averaging Eq. (12) is carried out with a distribution function
of the form (13) with p = 0.

1il. THE CIDS FOR SPECIFIC CONFIGURATIONS OF dc
ELECTRIC FIELDS

A. The CIDS in dc electric field E, perpendicular to the
scattering plane

We assume the system of anisotropic molecules to be
acted by a dc, electric field E, = e, E, parallel to the X axis of
the laboratory coordinates { X YZ} (Fig. 1). The orientation
of the molecular coordinates {1,2,3} with respect to the co-
ordinates {XYZ} is given by the Euler angles ¢, ¥, ¢, where
d is the angle between E, and the symmetry 3 axis of the
molecule. We now transform the multipole polarizability
tensor components of Eq. (12) from the laboratory set of
coordinates into molecular coordinates and then perform
the averaging with the distribution function (13).

1. Optically active dipolar molecules

As a result of these calculations, we obtain for dipolar
molecules exhibiting symmetry of the point groups 3, 4, 6, or
(e8]

CID:'.CIOD[I—Rl(p,iq)) +IlS|(p)iq)’

where

(16)
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rp= — L kBB — B
15
X(EYQ'S rn +—79 123) 17

gives the CIDS at zero extemal field
I~ ~ KEBS5, — 1) (74

whereas the molecular reorientational functions>?

+9—”Biu), (18)
e

1
Ri(p,+q)= Te [45L,(p, + q) — 30L,(p, + q) + 1]
(19)
and*

Sip £ 9)=L(p, £9) — Li(p, £ ) (20)
are given, respectively, by the even and odd generalized Lan-
gevin functions®'

55 cos™ & exp(p cos F + g cos® F)sin F d?
J’g exp(p cos & + g cos’ &)sin 3 d¥

L.(p,+q)=

(21)

Hence, a field E, applled perpendicularly to the scattering
YZ plane, in addition to modifying the value of the CIDS
[the first term of Eq. (16)], leads to a dependence on the
components ‘)3, and 81, of the magnetic-dipole and elec-
tric-quadrupole polarizability tensors by comparison with
the effect in the absence of E,,.

The function R,(p, + ¢) has the following properties: -
R(00) =0;R,(0,00) =1;and R (0, — o) = 1/16.

For weak molecular reorientation (p<1, g<1), the
functions L,(p, + ¢) and L,(p, + ¢) can be written as fol-
lows:*!

1 sz 4q

L,(p, + — + , 22
prtq) = 3 * - + (22)

1 4p2 8¢
L,(p, + — 4+ —F 4, 23
P k)= 5 105 = 105 + (23)

so that

, + + E;. 24
Rip,+q)= [ T T (24)

Thus, for weak reorientation of molecules with positive ani-
sotropy 6(0), we have R, (p, + ¢q) > @, whereas for §(0) <0,
wemay have R (p, — q) >0or R, (p, — q) <0depending on
the mutual relation between the value of the reorientation
parameters p and g, i.e., depending on the parameter a = ¢/
pr.Ifa<1/2, wehave R,(p, — ¢) >0, whereasifa > 1/2, we
have R,(p, — q) <O (see the portions of the curves for small
value of p, thus fora = 1/9 and a = 1in Fig. 3). This permits
the statement that at weak reorientation of optically active
dipolar molecules, the reorienting action of the field E, de-
scribed by the function R, (p, + ¢) can enhance the CIDS [if
the molecules possess anisotropy 6(0) <0 fulfilling the con-
dition |8(0)|>u?/kT ] or can cause a diminishing of the
CIDS {for molecules with §(0) <0 at |§(0)| <u?/kT and
for molecules with §(0)>0], the variation being directly
proportional to E2 in either case.

Calculations for arbitrarily strong reorientation in a
field E, show that for dipolar molecules with 6(0) >0, the
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FIG. 2. The molecular reorientation function R,(p, + ¢) for molecules
with positive anisotropy 8(0); a = ¢/p* = 8(0)kT /24,

reorientation described by the function R,(p, + q) always
diminishes the CIDS [R(p, + ¢) > 0] down to zero at elec-
tric saturation, at which R, (c0, ¢ ) = 1 (Fig. 2). In the case
of molecules with §(0) <0, the effect of the field can be posi-
tive or negative according to the parameters p and a (i.e., p
and g) and moreover can undergo a change in sign (at a fixed
value of the parameter a) with increasing field strength £,
(Fig. 3) [in Figs. 2, 3, and 5-8, an increase in p—for a given
molecular system at constant temperature—corresponds to
an increase in the field strength Ey; a = g/p* = |5(0) kT /
2u?). At electric saturation of a system of molecules with
6(0) <0, we have R (w0, — ) = §; thus, the term of Eq.
(16) does not vanish at complete reorientational ordering of
the system.

For optically active dipolar molecules, the reorienting
effect of the field E, on the CIDS is described [in addition to
the function R, (p, + q) considered above] by the function
S\ (p, + q) [the second term of Eq. (16) ]. The properties of

10
08} )
a=0
06} 4
T
1
8 o4t 1 ]
= a=1
o 3%
0.2+ =L J
0el %%75
© a=1
0 S <
1
a=+ K,
_02 L L a-% 1 A i
10 20 30

p——-—-—

FIG. 3. The molecular reorientation function R, (p, — ¢) for molecules
with negative anisotropy §(0); a = ¢/p° = |5(O) |k T /2%

10 20 30

p—-——-—-—

FIG. 4. The molecular reorientation fucntion S, (p, + ¢) for molecules with
positive anisotropy 8§(0); a = ¢/p® = S(OYKT /24’

the function S\(p, +q) are these: S,(0,0) =S,(,0)
=S5(0,4+ ) =0 and S,(+¢)=S5,(0,+4g) =0. For
strongly dipolar molecules with low anisotropy §(0) (> g)
we have*

n

1
L,(p) = _r_
(p kgo (n—k)!

L= 1)*exp(p) — ( — 1)"exp( — p) _

P (25)
P lexp(p) —exp(—p)]
At weak reorientation (p < 1), this gives
2 2 ukE,
S e P e 270 26
W (p) T p 15 kT (26)

Since at small values of p the function S, (p, + ¢) is prac-
tically independent of ¢ [in fact S,(p, + q) =S,(p,0) for
p<1 (see Figs. 4 and 5)], we get by Eqgs. (16), (24), and
(26) for weak reorientation of optically active dipolar mole-
cules

cp_croy % |

15T
1 ,u)z 5(0)]coz
SENLE § (Vo IR ) 2 ok SN 27
42[(kr +kT oot (27

With growing E, (with growing p, Figs. 4and 5), S,(p, + q)
diverges from linearity in £,. Depending on the sign of §(0)
and the relation between the magnitudes of p and ¢ (as ex-
pressed by the parameter g in Figs. 4 and 5), the function
S,(p, + g) tends to zero more steeply (for greater a) or less
steeply (for smaller @) with increasing field strength E,.

Taking into consideration the molecular reorientations
described by the functions R,(p, + ¢q) and S,(p, + q), we
have under condition of electric saturation (p— o, g— o0 ):
for the molecules with anisotropy §(0) >0

CID _40

p— oo

(28)
g~

whereas for ones with §(0) <0

CID N %%CI[[))
p— o

q— o

(29)
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FIG. 5. The molecular reorientation function S, (p, — q) for molecules with
negative anisotropy 8(0); @ = ¢/p* = |5(0) | kT /24

The functions R,(p, +¢q) and S,(p, + q) intervene
(among others) in the effect of magnetochiral birefringence
in a static electric field applied perpendicularly to the mag-
netic field.>>¢ Moreover, S,(p) =S,(p,0) describes genera-
tion of the second harmonic of light in systems of dipolar
molecules in a static electric field.*?

2. Optically active nondipolar molecules

In the case of the optically active nondipolar molecules
considered in this paper (point groups 32, 422, and 622), the
reorientating effect of E,, on the CIDS obtained on averaging
Eq. (12) with the distribution function (13) at p = 0 has the
form

TP=<IZ1 —R,(+q], 30)

where R\ ( +¢)=R,(p =0, + ¢) is the reorientation func-
tion (19) with p = 0. Thus, a field E, applied perpendicular-
ly to the scattering plane causes a change in magnitude of the
CIDS by molecules of the point group symmetries 32, 422,
and 622, though the effect is still dependent on the same
magnetic-dipole and electric-quadrupole polarizability
components as in the absence of E,. The influence of E,
reorienting the molecules as described by the function
R, ( £ ¢) leads to the following effects:

(1) it lowers the CIDS—at arbitrary values of ¢ in the
case of molecules with §(0) > O and at g> 12,5in that of ones
with §(0) <0, albeit in the latter case the variations are rath-
er small (see Fig. 6), and

(ii) it enhances the CIDS at ¢ < 12,5 in the case of mole-
cules with anisotropy 5(0) <0.

In particular, at g <1, the variations are proportional to
the square of E, both for molecules with positive and nega-
tive anisotropy §(0),

10

-02 1 A i 1 1
0 20 30

q-—-——c—

FIG. 6. The molecular reorientation function R,( 4 ¢) and R,( % ¢) for
molecules with positive ( + ) and negative ( — ) anisotropy §(0).

5(0) CrDbp2
~ S rbE2 4. (31)
akr oot (

whereas for ¢— o, we get relations similar to Egs. (28) and
(29):

AC]D:CID-— CI(I)):

I°? - 0, for 6(0)>0, (32)
q—

N . -1—2—‘71(’,’, for 5§(0) <0. (33)
gq— o

Figure 6 shows graphs of R ( & ¢) in a wide range of the
parameter ¢ (i.e., in a wide range of E;). R,( + ¢) is more-
over one of the several functions governing the changes in
Rayleigh®? and Raman®’ light scattering and magneto-chiral
birefringence*®** due to the reorientation of molecules un-
der the influence of laser light.

The CIDS by systems of optically inactive molecules at
the configuration analyzed in Sec. III A has been discussed
in full detail in Ref. 27.

B. The CIDS in dc electric field E, parallel to the incident
light beam

We now proceed to consider the situation when a system
of optically active anisotropic molecules is acted on by a
static electric field E, = e, E, directed along the Z axis of
laboratory coordinates {XYZ} (see Fig. 1). As previously,
the orientation of the molecular coordinate system {1,2,3}
with respect to the laboratory coordinate system is described
in terms of Euler angles on the assumption that ¢ is the angle
between E, and the 3 axis (the symmetry axis of the mole-
cule).

1. Optically active dipolar molecules

Averaging in Eq. (12) with the distribution function
(13) for a system of the optically active molecules of interest
here (ones with the point group symmetries 3, 4, 6, and oo )
leads to
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O =<8l —Ry(p, + P 1, (34)

where €I 8 is given by Eq. (17), whereas the molecular reor-
jentation function R,(p, + ¢) is of the form*?

Ry(p, £ @) =4[15L(p, £ q) — 15L,(p, + q) + 2].
(35)

At weak reorientation due to E, (p<1, g<€1), we have

1 M )2 5(0)] 2
Jptq)= —— = +—|Es+ ",
Rilp 9 25 [(kT kT 1°°
(36)
signifying that here for molecules with 5(0) >0, we get
cyrD CID—-CID
S ) (37a)
C[O 10
whereas for ones with anisotropy §(0) <0, we have
A€TP . u’
—;g— >0, if [6(0)}< T (37b)
ACTP . u?
-?00— <0, if ]6(0)]> el (37c)

Figures 7 and 8 show the reorientation function
R,(p, + q) vs p for different values of a = g/p>. For mole-
cules with positive anisotropy §(0), an increase in CIDS
occurs for 0 <p < p,, where p, is the value for p for which
R,(p,+4q) =0, whereas for p>p, we have
R,(p>po, + g) >0 and the CIDS decreases with growing p
and tends to zero as p— . At some value p = p,, from the
interval (0,p,) the CIDS attains its maximal value </ 2. For
molecules with 5(0) >0, we have (T2 —<I10)/I2<0.2.
The value of p,, that of maximum <72, as well as the rate at
which “I © tends to zero with growing p for P> py are depen-
dent on the value of the parameter a = §(0)kT /2u>. The
greater the parameter a, the smaller are p, and <72 and the
effect tends more steeply to zero at p > p,. Similar behavior is
observed for molecules with §(0) <0 at a < 1/2; here the

I 1

0 20 30
p——

-

_02 4

FIG. 7. —Thc molecular reorientation function R,(p, + ¢) for molecules
with positive anisotropy 5(0); a = ¢/p> = 5(0)kT /24>

effect due to molecular reorientation in the field E, can be
enhanced by as much as 50% (for small values of the param-
eter g, see Fig. 8), whereas for a > 1/2 the CIDS decreases
monatonically with growing p. For the case of reorientation
saturation (p~ 0, ¢— 0 ),

I®? -0 (38)
pP—
g— oo
for molecules with positive as well as negative anisotropy
8(0). ’

It is worth mentioning that R,(p, 4 ¢) is among the
reorientational functions describing the changes in magneto-
chiral birefringence and magnetochiral dichroism in a field
E, parallel to the static magnetic field***° as well as the
changes in Rayleigh scattered light intensity from macromo-
lecular systems in a static electric field.>?

2. Optically active nondipolar molecules

In this (the molecules are assumed to be of the point
group 32, 422, or 622) the reorienting effect of E, on the
CIDS is given by the expression

IP=°TY1~R(+ 9], (39)

where “I2 is given by Eq. (17) and R,(+q)
=R,(p =0, + q). At weak molecular reorientation (g<1)
6(0)
25kT
and at 6(0)>0, we have ATP/€IP5 0, whereas at
8(0) <0, ASI 2 /TP <0.
As g increases, the function R, ( + ¢) ceases to be linear
in g (Fig. 6). As a result, 7 ” decreases with growing ¢ for
molecules with §(0) <0, whereas for ones with §(0) > 0, the

Ei+ -, (40)

Ri{tq)=—

10

06+

04t

021

R,(p, -q)

-0.21 4

-04b .

_06 1 i 1__ - | 1

10 20 30

FIG. 8. The molecular reorientation function R,(p, — q) for molecules
with negative anisotropy 8(0); a = ¢/p® = |5(0) |k T /2>
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feffect at first becomes greater, then exhibits a maximum, and
finally decreases monotonically. At complete saturation of
molecular reorientation,

I® - 0
I,
both for molecules with positive and negative anisotropy
5(0). The shape of R,( + ¢) ts such that for a given molecu-
lar system with 6(0) > O there exists a field EO,,, for which
the effect becomes maximal.

In the case of optically inactive molecules, no CIDS take
place in the experimental configuration considered in Sec.
III B.

The function R,( + ¢) intervenes as well in the descrip-
tion of Rayleigh*® and Raman®’ light scattering in strong
optical fields, Rayleigh light scattering by nondipolar ma-
cromolecules in a static electric field,>” and magnetochiral
birefringence and dichroism in systems of optically active
nondipolar molecules in an external electric field parallel to
the magnetic field.’5*°

C. The CIDS in dc electric field E, parallel to the
observation direction of scattered light

Consider a system of optically active anisotropic mole-
culesin astatic field E, applied along the laboratory Y axis of
coordinates {XYZ} (Fig. 1). Averaging in Eq. (12) is per-
formed with the distribution function (13), with #—the an-
gle between the Y axis (the field Ey) and the 3 axis of molec-
ular coordinates {1,2,3}.

1. Optically active dipolar molecules

At this experimental configuration, the influence of the
field-induced molecular reorientation on CIDS is given by
the expressions

IP=CIP(1—R,(p, + ), (41)

where I and R, (p, + q) are given by Egs. (17) and (19).
Expression (41) is thus identical with the first right-hand
term of Eq. (16). It has been discussed in detail in Sec. IIT A.
Hence, in the present case, similarly as for the configuration
of Sec. 111 B, the effect is dependent on the same multipole
polarizability components as in the absence a field E,,.

2. Optically active nondipolar molecules

In the case of optically active nondipolar molecules, the
effect of field-induced reorientation on “I? is given by the
expression

IP=CT2[1—R,(+q)]. (42)

which is identical with Eq.(30). It has been discussed fully
in Sec. III A.

IV. CONCILUSION

We have shown that, quite generally, processes of reor-
ientation of optically active molecules induced by a static
electric field modify the magnitude of CIDS in a way depen-
dent on the experimental configuration (the direction of E,
with respect to the direction of light incidence and scatter-
ing) and the electro-optical properites of the molecules (the

presence of permanent electric dipole moments and anisot-
ropy of their electric polarizability). The effects are de-
scribed in terms of appropriate molecular reorientation
functions of the dimensionless reorientation parameters p
and q.

It should be feasible to observe the influence of the reor-
ientation processes in solutions of optically active macromo-
lecules with an electric dipole moment g ~10~2%+-10"%
Cmin afield E,~10°+ 107 V. m ™!, for which p > 1. A readi-
ly apparent degree of saturation of molecular reorientation
canbeachieved, e.g., in solutions of rigid polypeptides which
present a very great electric dipole moment, as is the case for
poly-y-benzyl-L-glutamate, the molecules of which possess
an electric dipole moment of z = 9 X 10~?” Cm and anisot-
ropy 8(0) = 0.89X 10™3* Fm?*' here, the parameter p at
room temperature in a field £, = 5X 10° V. m ™' amounts to
p = 12 and the achievement of electric saturation is experi-
mentally feasible.*?
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