Ferroelectricity in ester-group liquid crystal
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Spontaneous polarization and ferroelectric properties were observed in the
smectic-¢ phase of a new chemically stable chiral liquid crystal.

PACS numbers: 77.80.Bh, 64.70.Ew, 61.30.Gd

Although ferroelectric liquid crystals have been investigated by only a few work-
ers for more than three years, the accumulated experimental data already lead to
certain conclusions concerning the features of dipole ordering in this system.'”

The ferroelectric ordering in liquid crystals, as is well known, is realized in the
smectic-C phase made up of chiral molecules (C *). The tilt of the molecule by an angle
6 on going from the high-temperature smectic 4 (4 *) into the C * phase can be regard-
ed as a certain deformation that leads, by virtue of the asymmetry of the molecule
shape, to a preferred orientation of their constant transverse dipoles in the smectic
layers. As indicated in Ref. 2, the physical cause of the ordering of the dipoles may be
also the spontaneous flexoelectric effect, which is allowed by the C* symmetry and
which is due to the helicoidal twisting (deformation) of C *.

The spontaneous polarization, measured by a direct method, in the liquid-crystal
ferroelectric D-p decyloxybenzilidene-p'-amino-2-methylbutylcinnamate
(DOBAMBOC) and its homologs** turned out to be smaller by a factor 10°~10° than in
ordinary ferroelectrics; referred to a single molecule, this amounts to 107 of its con-
stant dipole amount. This indicates that the character of the molecular motion in the
smectic-C * phase changes insignificantly in comparison with the nonpolar smectic-4 *
phase, and the onset of polarization, in accord with the foregoing, is the result of the
weak spontaneous deformation of the C *. In this case one should expect a universal
behavior of the different physical properties near the 4 *—C * phase transition, deter-
mined by the orientational ordering of the C* molecules. The available experimental
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data, however, suffer from the shortcoming that the effects of the dipole ordering were
investigated in componds belonging only to the azomethine class.® In addition, the low
hydrolytic stability of the azomethine compounds causes the investigated substances to
be contaminated by the hydrolysis products and leads to a change in the temperature
of the phase transitions; this is inconvenient both for the performance of the experi-
ments and for the practical utilization of the C *. In view of the foregoing, a search was
made for liquid-crystal ferroelectrics among other chemical classes of compounds,
including those that are more stable.

In this paper we report observation of ferroelectric properties in a liquid crystal
compound belonging to the ester group.

d-4-(2-methylbutoxy)phenyl ester of 4-desoxybenzoic acid

CH,
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was obtained by acylating 4-(2-methylbutoxy)phenyl with chloro-anhydride of 4-de-
soxybenzoic acid in dry pyridine at room temperature. The purity of the compound
was verified chromatographically. The asymmetric position of the carbon atom C*
ensures chirality of the molecule, and the transverse moment is formed by the C =0
bond in the connection bridge of the benzene rings.

The scheme of the phase transitions observed by studing the texture transforma-
tions in a thin layer of the investigated substance with the aid of a polarization micro-
scope is:
53,8°C 4> 67.0°C
B e —— ey

o *
crystal 44‘-0—(:—» C isotropic phase.

In the C* phase, a characteristic helicoidal arrangement of the long axis of the
molecules over the smectic planes is observed, and the pitch of the helix amounts to
~6 um. In a constant electric field of definite magnitude, an “untwisting” of the
helicoid takes place, and the orientation of the director n in the untwisted state de-
pends on the sign of the field E, i.e., a linear electro-optical effect typical of ferroelec-
tric C * is observed and is due to the interaction of the field with the ensemble of the
constant dipoles of the molecules.

To measure the spontaneous polarization (P,) and its temperature dependence,
we used a scheme’ that made it possible to compensate, via reversal of the polarization
with a sinusoidal voltage, the linear components of the sample impedance; this in-
creased the measurement accuracy. The measurements were made on samples pre-
pared in plane-parallel glass cells with transparent conducting electrodes. The produc-
tion of the planar orientation and the monitoring of the polarization-reversal process
were carried out by the method indicated in Ref. 5.

The dependence of P, on the temperature in the C * phase, measured at 20 Hz, is
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FIG. 1. Temperature dependence of the spontaneous polarization in the vicinity of the C *~4 * phase transi-
tion. In the upper right corner is shown a typical oscillogram of the polarization reversal of C *, on the basis
of which P, is determined; T, = 53.8 °C.

shown in Figs. 1 and 2, and is approximated by the expression P,~ (T, — T)* 005,

Characteristically, the spontaneous polarization in the investigated ferroelectric is
smaller by approximately one order of magnitude than that of the homologs of the
azomethine series.*’ The phase transition from the ferroelectric C* phase to the non-
polar A4 * phase, just as in the previously investigated DOBAMBC liquid crystal,’ is of
second order.

The temperature dependence of the inclination angle 8 of the long axis of the
molecules to the normal of the smetic layers, an angle which is a parameter of the C *-
A * phase transition (Fig. 2), takes a form typical of systems with short-range interac-
tion: (T, — T)®35 +09¢,

It is confirmed, as was previously established for DOBAMBC, that the critical
exponent for the spontaneous polarization P, exceeds systematically (as obtained for
different samples) the critical exponent for 8; this agrees with the arguments advanced
in Ref. 2 that the flexoelectric effect plays a substantial role in the production of the

spontaneous polarization in C*.
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FIG. 2. Temperature dependences of the angle of inclination 6 of the molecules in smectic layers (O) and of
the spontaneous polarization P, (@ and A-different measurement runs) in a log-log scale.

The expression for the polarization, with allowance for the flexoelectric effect,
takes according to Ref. 2 the form

Ple/"']_"#zq tew

where i, and y, are coefficients corresponding respectively to the linear (piezoelectric)
and flexural (flexoelectric) effects, and g is the “wave” number connected with the
pitch of the helix p by the relation ¢ = 27/p.

The weak temperature dependence of ¢ = g(T, — T'), observed, for exampie, in
DOBAMBC,** actually leads to a small difference between the temperature depen-
dences of ¢ and P, and to a renormalization of the critical exponent for P,.

Thus, the results point on the whole to a common character of the C *~4 * phase
transition and the dipole ordering in liquid crystals belonging to different chemical
classes of compounds, and confirm by the same token the orientational treatment of
the onset of P, in chiral smectic-C liquid crystals.

We note in conclusion that the phase-transition point 7., determined from the
temperature dependences of P, and 6§, remains practically unchanged in numerous
measurements performed on samples that are not hermetically sealed. This circum-
stance attests to the high stability of the new ferroelectric liquid crystal and, in con-
junction with the rather low value of T, makes it possible to regard this crystal as a
convenient object for experimental investigations and practical developments.

The authors thank B.M. Bolotin for useful advice and discussions.
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