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In the paper the electric field induced reorientation of a nematic liquid
crystal film is investigated theoretically and experimentally. Both alter-

nating and static fields are considered.

1. INFRODUCTION

IN THE last few years a number of papers have been
published on the field-induced reotientation of a thin
nematic liquid crystal (n.i.c.) layer, contained between
two parallel glass plates and initially oriented perpen-
dicular to the applied field ("Freedericks effect’). Both
magnetic and electric field have been considered )4
The usual theoretical approach to the problem is to
calculate the minimum of the free energy, taking the
field strength constant in the cell. Tlowever as liquid
crystals behave rather as electrolytes than as dielectrics,
thus in the case of electric field the real situation is,
that the current is constant, and the field is determined
by this condition. In the present communication we
discuss some consequences lollowing from this situ-
ation, Our discussion is restricled to n.l.c. possessing
positive dielectric anisotropy.

Reorientation can be induced both by stafic and
alternating field. In the case of alternating field we
assume the frequency to be high enough that the align-
ment of the molecules cannot follow the alternation
of the field (typically > 100 Hz) but low enough, that
the polarization can follow it (typically < 10°Hz).

For alternating fields the tenn ‘current’ means the
sum of conductive and displacement current. For low
frequencies, w < ofe, the conductive part of the
current is important, while for Ligh frequencies,

w ¥ ofe, the displacement current is the dominant,
From this we conclude that the process of reorient-
ation depends on the frequency of the applied field.
In the paper a calculation is presented, which provides
quantitative results on this frequency-dependence. The

conisiderations are illustrated by experimental results,
obtained by the optical birefringence technique.®

In the case of static fields the current must {low
through the eiectrodes, so electrode processes become
important. Double layers are formed at the electrodes,
which decrease the field in the cell, so a higher applied
voltage is needed to reorientate the layer as in case of
alternating fields. (The development of the double
layers takes several seconds, so they can be completely
neglected for alternating fields.) This fact is demon-
strated as well experimentally.

2. THEORY FOR ALTERNATING FIELDS

For alternating fields the connection between the
current, i.e. displacement and the electric field can be
assumed to be resp:

i= o E+tomEn; D= E+e(nE)n

where 0|, ¢, i.e. €], €, are the perpendicular com-
ponent and the anisotropy of the conductivity

i.e. dielectric tensor, n is the director. From the con-
tinuity of the total current, j + iwD, we obtain
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where v is the angle between the director and the
direction of the alignment in the fieldless state. v is a
function of the distance from the wall, z, and is
determined by the balance between the torque,
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produced by the field in the mateds

My = a fE] sinvcosy )

’

and the torque arising from e deformation of the
uniform alignnient '

A2,

- . . A4
Mp = (Kyy cos?v 4 K 5z sinv e

(3}

dv

\2
-+ (K33 *]’\:u} sinvcusp—
dz
Ki1 and K33 are elastic consands.

Assuming, that the alignment is undisturbed at
the walls when ficld is applied, i.e. »(U) = »(L) = 0,
we obtain

z(vy = [

it

. 172
Kyp cos®y + Kag sin®p
\ (4)

F(vm) - ]r(l")
with v -
Fy = 2 Mgdv, v, = W(L[2)
LH]

The relation between »,,, and the applied voltage,
V, is fixed by the-condition

L
V= (£ dz (5)
. L+

(1t is assumed that the function #(z) has onky one
extremnum in the cell. There exists solutions with more
than one extremum, however the encrgies belonging

to these seluiion are higher than in the case discussed).

From this solution a threshold voliage,
Vi = m/(Kunfo,) is obtained, at which the deform-
ation of the liquid crystal layer starts. The threshold
is independcnt of §, thus of the frequency of the
applied voltape. However, {he defonnalion above the
threshold depends on §, i.e. on the frequency.

In the birelringence measurements a laser beam is
let through the cell, and the phase difference between
its components polarized perpendicularly and parallel
to the initial direction of the molecules is measured.
The phase difference is

2w L .
AP = —— [Ande (0)
Ao
with
"
An = 5 £ 5 — 11,
n,—n, _,
I+ 7 snw

ns

where r, and r,, are the extraordinary and ordinary
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FI1G. 1. The phase difference as a function of the
appticd voltage. Ky = Kaz, 11, — 1, € 1. Agyg is the
phase differcnce belonging to the indisturbed cell.

refractive indexes, respectively.

With the help of equations (4—6) A¢ can be
compuied as a function of ¥. In Fig. 1 A¢ is presented
as a function of I, in the case when n, —n, €1,

K\ = K33 and 3 is real. In the general case the slope
of the Ag(¥) curves at the threshold is
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FIG. 2. Expetimental resuits on PEBAB. T = 115°C,
cell thickness 30 g
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3. EXPERIMENTAL RESULTS

In Fig. 2 experimental curves, measured on
PEBAB (11 4-cthoxybenzilidene 4-amino-benzonitride)
are presenicd. On our material we found at T=115°C,
o,/0, = 0.85, e,fe; = 1.83.% This means that § is
larger for high frequencies than Tor low frequencies.
We found in accordance with equation (7), that as the
frequency was increased, the slope of the curves at the
threshold decreased (in absoluie value), meanwhile
the threshold remained unchanged. Quantitative
analysis of the results will be published elsewhere.

In Fig. 2 a result, oblained for static field is
displayed as well. The stalic curve can be approxi-
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malely regarded as a shified low-frequency curve, ihe
shift being ~1.5 V. This shift is due to the double
layers, forined at the electrodes. However, the space
charge distribution may be rather complicated in the
cell for static fields,® hence this simple picture has to
be refined Lo achieve accurate agreement between
theory and experiments,
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B crarve onvcusacres TEOpus RepeopHentTagt TOHKOPO CA0H
HeMaTHUeCKOre KpHucTalja BO BHEWUEeM NMOCTOSHHOM M nepeMenHoM
noasx. B ;)aﬁoTe ABGTCA M SKCNEepUMeHTAJbHME PE3YMLTATH.




