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Spontaneous polarization (Py), rotational viscosity (n) and response time (t) have been
determined as a function of temperature at different electric fields for an antiferroelec-
tric liquid crystal [4,4-(1-methyloctyloxycarbonyl)phenyl]-4'-[3-(butanoiloxy)prop-1-
oxy]biphenyl carboxylate (MOPB(H)PBC). Spontaneous polarization, rotational vis-
cosity and response time increase with decrease in temperature. Critical electric field
(the field at which the spontaneous polarization saturates) was found to be increased
with decrease in temperature.
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I. Introduction

The re-orientation of liquid crystals under the application of electric fields is the basic
concept behind their use in display devices. Ferroelectric liquid crystals (FLCs) form from
chiral, rod-like molecules arranged in (smectic) layers with the average molecular direction
tilted with respect to the layer normal. Since the discovery of ferroelectricity in the chiral
SmC (SmC*) phase of liquid crystals [1, 2] in the early 1980s, there has been intense interest
in studying the switching properties of FLCs as these materials are of both fundamental
and technological interest [3—6]. The more recent discovery of related liquid crystal phases,
antiferroelectric liquid crystals (AFLCs), posed new challenges to understand interlayer
structures, layer geometry in devices and electric-field induced switching mechanisms [7].
Antiferroelectric liquid crystals (AFLCs) are a subclass of tilted smectics in which the di-
rector n in adjacent layers tilts in opposite directions with respect to the layer normal z.
The antiferroelectric liquid crystals (AFLCs) are attractive for tri-state switching behav-
ior, easy DC compensation, microsecond response, hemispherical viewing angle (in plane
switching geometry) gray scale capability and no ghost effects [§—13]. In chiral mesophases,
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a spontaneous polarization arises as second order parameter due to molecular tilt with re-
spect to the smectic layer normal; spontaneous polarization emerges perpendicular to the tilt
plane, reflecting the polar properties of liquid crystal. In this paper spontaneous polarization,
rotation viscosity and response time of an AFLC [4,4-(1-methyloctyloxycarbonyl)phenyl]-
4’-[3-(butanoiloxy)prop-1-oxy]biphenyl carboxylate (MOPB(H)PBC) have been studied.

I1. Experimental

Different mesophases transition temperatures have been determined with the help of differ-
ential scanning calorimeter (DSC) and polarizing microscope (PM). The empty cell with
indium tin oxide electrodes and polyimide alignment layer for planar orientation layer were
manufactured, where the active area and distance between the electrodes were 0.25 cm?
and 4.7 um respectively. Spontaneous polarization (Ps) and rotational viscosity (y) have
been measured [ 14—16] with the help of automatic liquid crystal tester (ALCT), by applying
a triangular wave of different electric fields (11.6 V/um, 15.7 V/um and 21 V/um) and
frequency of 8 Hz across a surface stabilized cell with varying temperatures.

II1. Results and Discussion

[4,4-(1-methyloctyloxycarbonyl)phenyl]-4’-[3-(butanoiloxy)prop-1-oxy]biphenyl carboxy-
late (MOPB(H)PBC) has the following chemical structure:

C3H7COO(C H2)4OOC o—@—c 00CHCEH1 3

It shows both ferroelectric (SmC*) and antiferroelectric (SmC} ) phases.

Peak transition temperatures were determined by DSC at different scanning rates rang-
ing between 1.0 and 15.0°C/min. It has been observed that, peak transition temperatures
(Tp) vary linearly with scanning rates. Using least square fit plot of T}, with scanning rate (in
°C/min), extrapolated transition temperatures at the scanning rate of 0°C/min have been de-
termined and they have been taken as true transition temperatures [17]. The MOPB(H)PBC
exhibits following phase transition temperature sequence in cooling cycle at extrapolated
scanning rate of 0°C/min.

1(108.7°C) SmA* (98.1°C) SmC* (88.2°C) SmC} (51.9°C)Crystal

The transition temperatures have also been confirmed by polarizing microscope and
dielectric studies [18].

Figure 1 shows the variation of spontaneous polarization with temperature in SmC*
and SmC} phases. No anomaly has been detected on P, curve at the SmC* to SmC}; phase
transition. The continuous line is fit to the power law at the electric of field of 21 V/um

T\#
Py(nC/cm?) = Py (1 - —) (1)
Tc
The value of § obtained from fittings is 0.32 respectively which is smaller than theoretical
value of B = 0.5 predicted for second order transition [19]. As shown in Fig. 1, the P
increases with decrease in temperature at the electric field of 21 V/um. On the other hand
for electric field of 11.6 V/um, it starts to decrease after reaching the maximum (at 72°C)
value. Ray et al. [20] also have reported that the spontaneous polarization decreases after
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Figure 1. Temperature dependence of spontaneous polarization (Ps) at different electric fields.

particular temperature in SmC} phase. The decrease in spontaneous polarization may be
due to supper cooling effect in SmC}; phase. Variation of spontaneous polarization with
electric field at different temperatures is shown in Fig. 2. It is clear from the Fig. (2) that high
electric field is required to get the saturation of Pywith decrease in temperature. At 76°C, Py
saturates at the electric field of ~10 V/um whereas at 62°C, it is very high (~21 V/um).

Variation of rotational viscosity with temperature at different electric fields is shown
in Fig. 3. At electric field of 21 V/um, the rotational viscosity increases with decrease in
temperature. However at the electric field of 11.6 V/um, it starts to decrease after reaching
the maximum value (at 65°C). FLC response time is given by [11]

t=1n/PsE 2

where, 1 is the reorientational viscosity and E is the applied electric field. Therefore response
time depends upon two competing parameters 1 and Ps. In general a large P and low n
are needed for quick electro-optic response. Response time has been estimated using the
equation (2) and is shown in Fig. 4. Fast response time of less the ~10 us is observed for
the electric field of 21 V/um.
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Figure 2. Variation of spontaneous polarization with electric field at different temperatures.
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Figure 3. Variation of rotational viscosity with temperatures at different electric fields.

In summary, the spontaneous polarization, rotational viscosity and response time were
found to be increased with decrease in temperatures. High electric field is required to get
the saturation of P with decrease in temperature. MOPB(H)PBC shows high spontaneous
polarization of 192 mPs.S and fast response time of less than ~10 uS.
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Figure 4. Variation of response time with temperatures at different electric fields.
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