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Observation of Texture Change in Ferroelectric
Liquid Crystals

by Nobuhiko Nawa and Qimudesheleng

We have observed the phase transition in ferroelectric liquid crystals by using an optical
microscope. A large size homogeneous domain is formed when the sample (CS-1011) is gradually
cooled down to the chiral smectic C phase through the cholesteric phase. The phase sequence
plays an important role in the formation of the monodomain. The effect of electric field upon
the molecular arrangement has also been studied. In surface stabilized ferroelectric liquid
crystals, the memory effect occurs when a pair of electrodes coated with different materials is
used. From the observation, the model of molecular arrangement is proposed.
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Fig. 1. Schematic illustration of molecular arrangement in ferroelectric liquid cry-
stals. The layers are parallel to the z~y plane. The director is parallel
to the average molecular long axis, and lies.on a cone making an angle §
with z axis. ~ The polarization is in the plane of the layers, and per-
pendicular to the director. '
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Fig. 2 Sequence of micrographs of MBRA-8 in a 25 um thick cell taken at
various temperatures: (a) bétonnets coexisting with isotropic liquid at
57.7°C, (b) fan-shaped texture of smectic A phase at 56.1°C, (c)
appearance of lines at 50.9°C, (d) fan shaped texture of chiral smectic
C phase at 50°C.
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Fig. 3 Sequence of micrographs of CS-1011 in a 25 gm thick cell taken at
various temperatures: (a) cholesteric bubbles coexisting with isotropic
liquid at 91.7°C, (b) planar texture of cholesteric phase at 85°C, (c)
planar texture of semectic A phase at 70°C, (d) system of parallel
lines in chiral smectic C phase at 53°C.
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Fig. 4 Typical domains of chiral smectic C phase observed
in a 2.5pm thick cell of CS-1011: (a) planar-like
texture (SSFLC), (b) characteristic defect lines, (c)
system of parallel lines.
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Table 1. Angle between preferential direction and extinct direction

Surface Phase or State
Treatment s, S Se¥(—) St (+)
Si0, PVA 0° —-3° —10° +10°
PVA, PVA 0° AN — 8.4°| +11°
Si0, SiO 0° AN —10.5° | +11.5°

(SiO, PVA): One surface coated with SiO and the other sur-
face coated with PVA.

Sg*(—): State when negative voltage applied.

Sc*(+): State when positive voltage applied.

When the extinction is not clear, A is used.
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Fig. 5 Possible molecular arrangement in the sample confined between parallel electrodes:
(a) smectic A phase, (b) up state of polarization, (c) down state of polarization,
(d) original state, (e) twisted state. Arrow indicates the preferential direction
of the molecular alignment. E is the electric field applied to the sample.
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Fig. 6 Voltage dependence of transmittance through a 2.5 gm thick
cell between crossed polarizers. Crossed polarizers are set to
give an extinction to initial state at —15V or +15V.
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Fig. 7 Sequence of micrographs of CS-1011 in a 2.5 gm thick cell taken at
various voltages (a) appearance of bright domain in dark domain
at 2.7V, (b) growth of bright domain at 1.5V, (c) coexistence of
three domains at 1.3V, (d) final domain at 0 V.
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Fig. 8 Voltage dependence of capacitance of CS-1011 in chiral smectic C
phase. The number indicates the order of measurement.
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Fig. 9 Change of transmittance through a 2.5 gm cell of CS-1101
by the polarity reversal of applied voltage: (a) optical
response and (b) applied voltage wave. Crossed polarizers
are set to give an extinction when negative voltage is

applied.
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