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WHIRL ELECTROHYDRODYNAMIC INSTABILITY
IN SMECTIC A PHASE LIQUID CRYSTAIS

D.F.Aliev, N.M.Mamedov

(Received for Publication July 16, 1983)

Abstract. In plasnar oriented layers of smec-
tic A phase a new type of instability, appearing
as axial whirl, is observed and investigated. The
system of lines with homeotropic orientation of
molecules is necessary for creation of such kind
of instebility.

Due to the laminated structure and the trans-
lation ordering, at least in one direction, the
smectic has some properties of viscosity-elastic,
which differ it considerably from other liquid
crystals /1/.

This fact leads to the "prohibition" of some
electrooptical effects occuring in nematic and
cholesteric liquid crystals /2/.

On this view the existance of whirl domain
instability in smectics, which is similar to that
occuring in nematics is of great interest. Such
instability was not found in experiments on smec-
tics A /3-5/.

Thus, the problem : if the moment conditioned
by the electroconductivity can cause the whirl ro-
tation in smectic A - remained unsettled.

In this paper the authors report on the expe~
rimental results, discovering the instability ap-
pearing in the form of axial whirls in a smectic A
phase of liquid crystals.

A ternary mixture with the following structu-
ral form was the object for investigation.
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having the transition temperatures;

~ 70 £ Lre
c == 5, == N —

The parameters of liquid crystals at the room
temperature were the followling

<, = 24,2 ; < = 7,2
G, = 3,4.1077 6, = 2:10 %t on™

The original orientation is planar, which is
obtained by a slow cooling of texture from the
isagggpic phase, accompanied by magnetic field of
8

A.C. field of a certain magnitude, applied
to the cell, causes the formation of defects
through the whole area, then the deffects are
stretched out into strips. With negligible incre-
asing of voltage these lines stretched in the di-
rection perpendicular to the director, that is
along the smectic layers. The formation of these
lines in planar texture of smectic A phase was
noted in /6/ but it was not investigated in de-
tail.

The measurements performed by us showed that
the threshold of this transition didn't depend on
frequency and equals 120V with 4 = 30 /om
t = 24°C.

Fig.1 shows the temperabure dependence of
the threshold of line. As seen from this Fig.,L&A
decreases considerably with the increasing tempe-
rature. This fact is due to lowering parameter of
smectic order € .

It £ llowqyfrom the energetic considerations
that Z4;~ \X;'¢, where Xy stands for the proba-
bility $F defectis formation, which in it's turn
is propotional to X, ~/€/%.

The distribution of permittivity, electrical
conductivity and refractive index through the
sample shows that in the regions of lines the ho-
meotropic orientatign of molecules is formed.
Thus, threshold Z/ causes the local planarho-
meotrop transition. The further increase of vol-
tage leads to the gradual broadening of these re-
gions, which then merge, and molecules are orien-
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FIGURE 1. Temperature dependence of the
threshold for the lines formation. In the
inset it is represented in the schematic
form: ’
a) the distribution of the director im
a cell after lines formation;
b) the distribution of conductivity
along X.

ted bomeotropically through the whole area of the
cell.

Thus, the voltage applied to the cell causes
the formation of the system of lines,, which re-
tains for a long time, after the //¢ is turmed
off. “

If continuous or low frequency fields are ,ap-
plied to such texture, the definite whirl rotation
will occur.

The motion of liquid occurs strictly in the
XZ plane, at the point B, where © has the max.
value, it flows up , and at the point A, where
has min. value the liquid flows down.

The rate of motion rises with applying vol-
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FIGURE 2. The frequency dependences of the
threshold voltages, which occured in plsnar
(1,2) and homeotropm_é}) textu.re sm ctlc %
phase 1,5 - = 2.10 = 10~ ohm™

en™ T 25°c .

tage, but at higher voltage U =4 Z/ the regu-
lar rotation is disturbed gradually a.nd the turbu-
lent motion of liquid through the whole area of the
cell is established.

Here for comparison ZZ(;, of instability is
given appearing from the homeotropic texture /4/.
This instability occurs only at low frequencies
and it's thresho }d increases considerably in com-
parison with L/ (£). The threshold of whirl mo-
tion is a lmear function of d and is weakly de-
pendent on the thickness of ligquid crystal in
the 20 £4 €100 /hm range.(Fig.3)

The threshold voltage instability depends
strongly on the %ectroconductlva.ty anisotropy.
For example: 1 /6, = 1,6 corresponds to// = 60 Y,
then S3i/g;, = 2 8 corresponds to 4/ = 46 V. [_/4,,
is also dependent on the anisotropy of permittivi-
ty A & and decreases with it's increase.
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FIGURE 3. The dependence of threshold
voltage instability,occurring from
planar (1) end homeotropic (2) texture
on the electrooptical cell thickness.

Perhaps, the divided space charge is respon-
sible for the regular whirl motion.

The division of charge is caused by the dis-
tribution of conductivity through the whole cell.

In nematics such inhomogeneity is easily ob-
tained and can be realized by means of director
fluctuation.

As for the smectics, this condition, as shown
in a paper can be created artificially.

Thus, in the smectic A phase with a definite
geometry the moment caused by electroconductivity
and it's anisotropy can lead to destruction of la-
minated structure order and creation of regular
whirl motion.
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