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Nonlinear changes in elastic light scattering due to reorientation and saturation of reorientation of
asymmetric microsystems in an electric, magnetic or optical laser field are discussed. A new, direct
method of determining the sign and value of the electric, magnetic and optical anisotropies of asym-
metric macromolecules as well as their shape from measurements of these nonlinear changes is pro-

posed.

We consider (immersed in an optically iso-
tropic medium) noninteracting asymmetric
microsystems (molecules, macromolecules,
colloid particles) of linear dimensions not ex-
ceeding the incident light wavelength and suf-
ficiently rigid to present only linear polarizabil-
ities @, and ¢ , parallel and perpendicular to
the symmetry axis respectively. We define the
optical anisotropy of a microsystem by the Lan-
gevin parameter [1] k = (ay-a.)/(ayr+2a,). The
scattered light is considered in the dipolar ap-
proximation, observed perpendicularly to the in-
cident beam (vertical and horizontal polarisa~
tions — lower indices v and h), and is de-
scribed guantitatively by the usual vertically
and horizontally oscillating components [2] V5,
V1, and Hy, H,

When the scattering system is acted upon
by an externally applied dc electric field E,
Langevin reorientation of the microsystems [1]
will cause changes in the scattered intensity,
the components VE, VE, HE, HE now becoming
functions of E. Hitherto, measurements on solu-
tions of polymers [3-5] concerned only variations
in the vertical component VE , which were found
to be isotropic and functions of E2, Here, we
shall deal with the anisotropic variation in V.F
as well as w1th changes in the other amsotroplc
components Vh s H H p of the scattered inten-
sity. Our calculatlons concern weak fields as
well as electric fields strong enough to cause
complete alignment ("electric saturation of
orientation") of the microsystems. We adduce
the results for relative changes 6V
= (VE-v,)/V, , ... of all the components

6V§(5+4x2) =10k (3 Ly(p, £9) -1} +
+k2{1-30Ly(h £ +45 L0, £ a}, (1)

Vi =6HY = ~1+(15/2) Ly (5, +d) -
- 15/2)Ly(p, +0), ()

OH = (1/8)- (15/4) Ly (8, +0)+ (15/8)L (5, +d),

(3)
as functions of the parameters
E la . aJ.| 2
7 R 77 e @)

of reorientation of permanent electric dipoles
¢ and dipoles induced at electric polarizability
anisotropy | e, - @, |. The "plus" sign at ¢ in
egs. (1)-(3) is for cigar-like microsystems with
positive electric anisotropy (o, > a l), whereas

"minus"” is for disc-like ones with negative
anisotropy (@, < a1)-

The scattermg components (1)-(3) involve
generalized Langevin functions [1] which, for
g # 0 and arbitrary p, have the form [6]

Pz F2q

-p
Lz(p’ iﬁ = 2 T etj/)2+ ¢ -
4q 4 " Kp, £9

p(e"
Vi (5, d:q)

(5)
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Fig. 1. Variation 6VVE/4K versus the permanent dipole
reorientation parameter p. Superposition of induced
dipole reorientation (parameter g) enhances the effect
in the case of positive anisotropy (dashed curves), but
lowers it (with sign reversal) in that of negative aniso-
tropy (continuous curves below the curve for g = 0) .

p4+ 12¢( g, ¢P2) N

L (P, :tq) =
4 16q4

. (p2¢6q+4q2)(ep+e-p) )
164" 1(p, + 9

_ p(p2+4q2¢10q)(ep-e_p)

7 ,  (6)
3297 I(p, £9)

involving the numerically tabulated integrals
[7,8]
2

I, £9) =%exp [q:(i—qﬂuq)} X

Vg + (p/2Vq)
fﬁt v/ 2Vq)

In the case of cigar-like microsystems, the
permanent and induced dipoles tend concordantly
to orient themselves along E, so that the varia-
tions (1)-(3) increase with growing E and in-
creasing ratios ¢ /»2 (cf. figs. 1-3). Inversely,

exp[+t 2] dt. (7)
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Fig. 2. The cross component variations - GVE and

- 0Hy increase with growing ratio q/p2 in the case of

positive anisotropy (dashed curves), but exhibit sign
reversal in that of negative.

the field E acts on disc-like microsystems with
two mutually orthogonal torques simultaneously,
since with u lying along the symmetry axis we
have o, >a and a rise in E increases the in-
duced dipole, so that the microsystem changes
its orientation from parallel to perpendicular;
as a result of this reorientation in the field £,
and at a well-defined value of ¢/p2, the varia-
tions (1)-(3) undergo a reversal of sign (cf. figs.
1-3). The various shapes of the curves 1-3
permit conclusions as to the shape and aniso-
tropies of the microsystem.

At weak reorientation (p« 1, g « 1), the
following relations hold between the variations
(1)-(3) (in eq. (1), small terms in 2 will be
omitted)

15 __E E 21

E E 2
ﬂéVV_ZIGHV_ZIGHh_-?GHh_p :i:2q,
(8)

which, in accordance with (4), now vary quad-
ratically with E.

At electric saturation (p — », g = «), the
Langevin functions (5) and (6) tend to unity for
positive anisotropy, and the intensity varia-
tions (1)-(3) take the limiting values [9]

S S S S
oV, = 4k, 6V, =0H =06Hy =-1, 9)
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Fig. 3. In the case of positive anisotropy, the variation

in horizontal component - §H;" increases with growin

q (dashed curves). In that of negative anisotropy - 6H;

decreases and exh1b1ts reversal of sign with growing
q/p2 (continuous curves) .

a result derived independently by Stoylov [10] for
needle-like colloid particles.

At complete alignment (oriental saturation) of
negatively-anisotropic microsystems, the Lan-
gevin functions (5) and (6) tend zero, and the
variations (1)-(3) become :
owS=-2x, wP-oHS=-1, omp=1/8. (10)
Obviously, the results (9) and (10) remain valid
in the case of optical saturation [9] (complete
alignment caused by the electric field of intense
laser light). At incomplete saturation, in the
optical case, one has to put p = 0 in egs. (1)-(7)
because the permanent electric dipole is not
subject to optical orientation (obviously, in the
parameter ¢, one has to replaceE2 by the laser
beam intensity I7,).

The expressmns (9) and (10) show that investi-
gations of electric or optical saturation of the
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vertical component OV‘g permit determinations of
the value of the optical anisotropy « to be made,
whereas stud.les of the change in horizontal com-
ponent GHh decide the 51gn of the anisotropy of
polarizability since GHh is always negative for
cigar-shaped microsystems but positive for
disc-like ones.

The changes in cross components (2) provide
direct information as to the sign and value of
the electric anisotropy in the case of weak re-
orientation, when by (4) and (8) we have for non-
dipolar microsystems :

-a |

2
_GHE—:t o E°- (11)

If laser light of intensity Ij is used in reorient-
ing the microsystems, eq. (11) is still apphcable
to dipolar substances (with I; instead of E2), As
yet, experiments [11] with strong laser beams
have failed to detect univocally, variations in
the components of eq. (11) in molecular liquids.

At best, in molecular liquids, p = 10~ 3E and
q=10"8E 2, rendering electric and optical satu-
ration practically inachievable, since dielectric
or optical [11] break-down already occurs at
at values of p 21l orqg =1.

In polypeptide solutions [7,8]p = 0.1 E,

=10-4 E2, and in collagen solutions [6]
p 0.4E, q = 0.04 E2, Here, consequently, elec-
tric saturatmn begins at as little as E = 10 esu
and complete electric saturation can be achieved
in slightly stronger fields. Clearly, in such mac-
romolecular and colloid solutions, optical satu-
ration can be obtained with strong continuously
operating lasers or pulse lasers with a pulse
duraticn sufficiently long for reorientation to
follow.

The present theory of nonlinear scattering is
automatically applicable to cases when the agent
causing reorientation is not E but a magnetic
field H [12]. E.g., in colloid solutions of cad-
mium ferrite [13] p, = 10-2H, g, = 10-6 42
and magnetic saturation takes place at field
strengths H = 103 Oe.
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