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Abstract: The dielectric studies have been carried out in the frequency
range of 1 Hz to 35 MHz under planar anchoring conditions of the
studied material (S)-(+)-4-(1-ethylheptyloxycarbonyl) phenyl 4'-(6-
perfluorooctanoyloxy hex-1-oxy) biphenyl-4-carboxylate exhibiting

paraelectric SmA”. ferroelectric SmC"and a wide temperature range
(~83°C) anti-ferroelectric SmC, phases. The soft mode relaxation due
to tilt-fluctuation of molecules is observed in MHz region for the SmA"

phase. The relaxation frequencies decreases and dielectric strength
increases (~0.2-3.4) with decrease in the temperature for observed soft

mode relaxation and follows Curie-Weiss law. The SmC” phase shows
Goldstone mode relaxation due to phase fluctuation of molecules with
relaxation frequency ~10 kHz. Only one mode of relaxation has been

observed in the SmC: phase presumably due to anti-ferroelectric

ordering of the molecules. Its dielectric strength varies from ~0.55 at
104.3 °C to 2.20 at 37.6 °C.

Keywords: Anti-ferroelectric, liquid crystalline material, dielectric
spectroscopy, tilts and phase fluctuation modes.

1. Introduction

Materials in which molecules are oriented similar to that of ferroelectric
liquid crystals (FLCs) in each smectic layers but the direction of tilt may
alternate to form a herringbone structure are called smectic C, or anti-
ferroelectric liquid crystal (AFLC). Chandani ef. al.' reported anti-

ferroelectricity in liquid crystals. The FLC and AFLC materials have
attracted much attention of researchers due to their technological
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applications as well as fundamental study of molecular structure and

properties 4 Orthoconic AFLCs are specifically important from application

point of view because of low layer shrinkage at SmA —SmC" transition 56

Anti-ferroelectric liquid crystals (AFLCs) possess excellent electro-optical
properties like tri-state switching behavior, easy DC compensation,
microsecond response, gray scale capability, wide viewing angle besides the
memory property and large hysteresis. The first AFLC material was
synthesized by Levelut et. al.” in 1983.

In this communication, we report the dielectric spectroscopy of a room
temperature AFLC material namely (S)-(+)-4-(1-ethylheptyloxycarbonyl)
phenyl 4'-(6-perfluorooctanoyloxy hex-1-oxy) biphenyl-4-carboxylate,
abbreviated as (S) 7F6Bi 8. The chemical structure of 7F6Bi is as follows:
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Figure 1: Molecular structure of (S)-(+)-4-(1ethylheptyloxycarbonyl) phenyl 4'-(6-
perfluorooctanoyloxyhex-1-oxy) biphenyl-4-carboxylate ((S) 7F6Bi).

2. Experimental Techniques

Thermodynamic studies have been carried out with the help of
Differential Scanning Calorimeter (DSC) of NETZSCH (model DSC 200 F3
Maia). The dielectric measurements have been carried out with a gold
coated planar dielectric cell of 36.5 pF active capacitance (Cr) from AWAT,
Warsaw, Poland, whose glass plates are separated by a spacer of thickness
8.8 um. Dielectric data have been acquired with the help of Newton’s Phase
Sensitive Multimeter (model-1735) coupled with Impedance Analysis
Interface (model-1257) in the frequency range of 1 Hz to 35 MHz. The
temperature of the sample has been controlled with the help of a hot stage
(Instec model HCS 302) joined with temperature controller (Instec-model
mK 1000). The measured dielectric spectrum can be described with the help
of generalized Cole-Cole” ' equation:
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where (A¢),, 7 and h; are the dielectric strength, the relaxation time and the

th

symmetric distribution parameter 0<h,<1 of the i~ mode, respectively,
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£(e0) is high frequency limiting values of the permittivity; the third and

fourth terms in equation (1), represent the contribution of the electrode
polarization capacitance and ionic conductance at low frequencies where A

and n are constants . The fifth imaginary term B ™ is included in equation

(1) to partially account for the high-frequency electrode surface resistance 12,
B Bandm being constants.

3. Results and Discussion

Results obtained and relevant discussions have been given in the
following sub sections.

3.1Thermodynamic studies

DSC traces in the cooling cycles of the studied material (7F6Bi) at the
scanning rate of 2.5 °C/min is shown in Figure 2.
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Figure 2: DSC thermogram of 7F6Bi in cooling cycle at 2.5 scanning rate. The peaks are
representing to the transition temperatures. Inset shows expanded view of the SmC:; phase
transition peaks.

According to the DSC results, following phase sequences have been
observed in cooling cycle:

1 (154.7°C) SmA’ (136.1°C) SmC" (127.8°C) SmC’,

The SmC to SmC, phase transition peak is weak and it could not be
observed due to smearing of the transition peaks at high and low scanning
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rates. But proper magnification of the cooling thermogram, it could be
possible to detect the SmC”to SmC, transition peak at the scan rate of 2.5

°C/min.

3.2 Dielectric spectroscopy

The highest value of permittivity(e"l) has been observed ~ 106 in the

SmC phase at 100 Hz. Below 100 Hz the value of e'lincreases with
decrease in frequency due to the contribution of electrode polarization
capacitance and ionic conductance at all temperaturesn. The large variation
in ei with frequency has been appeared in the SmA and SmC" due to the
dielectric relaxation modes present in these phases. On further cooling in the
SmC, phase, the material has crystallized near the room temperature (~
43°C). The characteristics parameters of all observed modes in different
phases have been obtained by fitting to the experimental data with

theoretical equation (1). The results obtained from the fitting are shown in
Figure 3.
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Figure 3: Variation of the real part (¢, ) of the permittivity with frequency. Curve 1

(rhombus) shows the experimental data, curve 2 (solid line) shows the best-fit of the
experimental data, curve 3 (square) shows the low frequency correction term (read on right
vertical scale) and curve 4 (triangle) represent the soft mode after subtracting the low
frequency correction terms from the experimental data).
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Figure 4 shows the temperature dependence of the relaxation
. . . * & *
frequencies of various modes observed in SmA’, SmC and SmC , phases
respectively.
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Figure 4: Temperature dependence of relaxation frequencies (f, ) of various relaxation

modes observed in different mesophases. Vertical lines show the transition temperature on
the basis of thermodynamic study.

In the SmA phase, one dielectric relaxation mode (M1) appears at ~
143°C with its relaxation frequency at 938 kHz. Its dielectric strength is
found to be small ~ (0.2 to 3). On the basis of the molecular structure of

SmA phase and its temperature dependence behavior, mode M1 have to
correspond to a soft mode which is associated with director tilt fluctuation
of the molecules in the smectic layers 4 Due to high relaxation frequency
and weak dielectric strength M1 could not be detected above 143.2 °C. The
dielectric strength of the soft mode follows the Curie-Weiss law

Ae=C/(T-T), where C is a curie constant and T is the Curie temperature

of transition from SmA” to SmC" phase. From Curie-Weiss law, T¢ has been
found to be 137.4 °C for SmA to SmC transition which agrees with the
other dielectric parameter.

Dielectric relaxation mode M2 has been appeared in SmC phase.
Throughout SmC” phase, fr remains almost constant (~ 5.6 to 7.6 kHz)

whereas A€ increases (7.69 to 14.63). The distribution parameter of mode
M2 has been found to be greater than soft mode of SmA phase; which
appears due to the tilted structure of phase. M2 has been attributed to the
Goldstone mode (GM) arising due to the precession of the tilted molecules
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around the helicoidal axis . GM seems to penetrate into the SmC, phase
(see Figure 4).

In the SmCZ phase, only one relaxation mode M3 has been observed.

Hiraoka et. al.'® also have reported only one relaxation mode at ~ 1 MHz in
the SmC, phase. In present studies, the observed mode seems due to anti-
phase fluctuations of the azimuthal angle i.e. so called anti-ferroelectric
Goldstone mode. The mode due to in-phase fluctuations of the azimuthal
angle is not detected here in our studies. The dielectric strength of M3 varies
from 0.5 to 2.2. The Cole-Cole plot of SmC, phase is shown in Figure 5.
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Figure 5: Cole-Cole arcs of Sij phase at 51.1°C. The experimental data and corrected

data (experimental data — correction terms) are shown by rhombus and circle respectively.
The solid line shows the best fitting of the experimental data. Values of the distribution
parameter are mentioned in degree.

4. Conclusions

The following results have summarized:
e From the dielectric study, it has been observed that the AFLC
material (S-7F6Bi) goes into broad temperature range anti-

ferroelectric SmC*a with two other different liquid crystalline phases

as para-electric SmA”and ferroelectric SmC" .

e Soft mode has been observed in the SmA"phase and Goldstone mode
has been observed in SmC phase. In SmC*a phase only one mode



Dielectric Spectroscopy of an Anti-Ferroelectric Liquid Crystalline Material 277

has been observed due to the anti-phase fluctuation in the azimuthal
angle.
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