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ELECTRIC FIELD CONTROL BISTABILITY AND LOCAL
FREDERICKS TRANSITIONS IN NEMATIC LIQUID
CRYSTALS

V.I.KHATAYEVICH, S.A.PIKIN* and A.A.ABBAS-ZADEH
Scientific and Industrial Association for Space

Research, Baku 370106, USSR
*Institute of Crystaliography,Moscow,USSR

Abstract The possibilifties of obtaining different
metastable orientational states in nematic layers
and control by the electric field of local Frede-
ricks transition kinetics are shown. The theoreti-
cal substantiation of the obtained results are
given.

The problems of bistability,metastability and
state-to-state transitions1’2in nematic liquidcrystals
(NLC) arise from the study of local Fredericks transi-
tion53 which are usually realized by varying the NLC
sample thickness of finite anchoring energy W3’4 or
changing W with temperature5.1t is shown~ that rever-
sible change of initial homogeneous orientation can be
obtained by exciting in NLC with "wealk" surface ancho-
ring the auto-waves of the transition to orientational
chaos (secondary dynamic scattering mode (DSMZ))7'9.
Such auto-waves arise from the local centres at U»>

U2§>Uth,where U2 is the threshold of D3N2, Uth is the
threshold of electrohydrodynamic (BHD) instability and
propagate in the layer plane. In this paper the kine-
tics of different metastable states obtained by short-
terms DSMZ2 excitation in "weak™ anchoring cells is
studied,

The MBBA and MBBA+EBBA mixtures with thickness d=
8~30 gm in sandwich cells are studied. The cells with
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"weak" anchoring were obtained either by combining the
method of chemical purification and rubbing of surfaces

1O.The deviation of director

or by method described in
at the angle 8 from axis X (easy direction axis) was
estimated according to the change of optical phase

delay.
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FIGURE 1 (a) Prequency dependence of the thres-

holds Uy, and Uz. (b) The control scheme of the

bistability in "weak" anchoring cells

The typical frequency dependences of thresholds‘@h
and U2 and control bistability scheme are shown in Pig.
1.The state with planar (I) orientation is realized at
f>f&0.5fc,that with tilt (II) orientation is realized
at f<f',where fC is the critical frequency.The state I
as the state II can be more stable.The situation when
the areas with different orientations are in equilibri-
un for & long time is possible.The scheme of the inves-
tigated situations is shown on Fig.2.Depending on the
initial situation the growth and collapse of nuclei of
new phase occur.However,even in energetically profi-
table situation only the nuclei of R>RC size can grow,
where RC is the critical size of nucleus.At R<R, the
nuclel are collapsed with the velocity (v=4R/41t<0) in-
creasing with decreasing R (insert on Fig.3).
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FIGURE 2 Different studied situationg (R»R.).
The effect of electric field on the kineticd of
the process is shown by big arrows.

It was found that electric field can conitrol the
velocity v and the direction of process evolution (see
Fig.2).BElectric field (f>fc) induces the Predericks ef-
fects for state II and the angle ® smoothly decreases
with U increased fronx@ovalue to quasiplanar orienta-
tion at Uz8V.It is seen from Fig.3 that with increase
of U)0 velocity v decreases in respect with growth
{curve 3) and collapse (curve 2) for situations a and
¢ in Fig.2.The system stabilizes (v=0) at some volta-
ge U=Uc.With increase U>Uc the directil of the pro-
cess is changed and the velocity v is increased.
As it was seen from the experiments the existence

of two local minima of energy W is possible in the
conditions of "weak" anchoring.The difference‘AW=W2-
W1 has any sign.The minima of energy W1 and W2 are
divided by potential barrier Wm
of the theory of nucleus generation in homogeneous ne-~
tastable phase1,the thermodynamic probability of gene-
ration of nuclei of one of two orientational states

SWithin the framework

with R<Rc size is proportional to "equilibrium" dist-
ribution function of nuclel of different sizes:
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FIGURE 3 Voltage dependence of the velocity v.
(curve 1 corresponds to Fig.2b, curve 2 corres-
ponds to Fig.2¢ and curve 3 corresponds to Fi
2a.Insert-dependence of v on dlffenence(r - %
(corresponds to Fig.2a at R<R.).

fu(R) ~ eXP[" Amin (R)/TJ:

where Amin is minimal energy for obtaining nucleus of
cylindrical form with radius R and height d.In our case
the different nuclei are formed due to excitation and
relaxation of DSM2 regions.Let us consider the situa-
tion when the medium is in metastable state I,and the
nucleus has the state II with AW<O (see Fig.2a). Ap-
plying low electric field E the gain in energyAFi of
c¢ylindrical nucleus is

AF, = (oW~ d€q E2Gin?, /2) TR

whereE°<O is the dielectric anlgotropy The losgs in
energy AFZ due to nucleus wall in which the orientati-
on of director changes from B,to zero is

AR, = [Kd(8,/5)%/2 + W;,] TR,

where K is the elastic constant and.s is the wall width
For clarity proposeQ;1.The energy of Amin can be writ-



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:55 19 February 2013

LOCAL FREDERICKS TRANSITIONS [5231/87

ten as Amin=AF1+AF2.The critical value of radius R:—-RC

corresponds to the maximum of energy Ain

-1
Re= (dK 6707+ 25, 5)/(deq£262 2aw) (1)
nesr which

Amin= Const - T(24W- deqE202)(R-R)Y/2
The velocity v=dR/dt can be evaluated as

Ve adAmin /dR =72 (dE.E2G2- 20W)(R-R.)  (2)

where a is some constant depending on temperature.
According to (2) certain critical value is

ECQ= QAW/dgaggg (3)
at which the nucleus is stabilized.This situation cor-
responds to curve 3 in Fig.3.From (3) the difference
AViz5 10"3erg/cm2 can be evaluated at€,=-0.46, d=10/um,
U2V and 6, 0.7.The detailed descriptions of experi-
mental and theoretical results will be done later.
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