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ABSTRACT

A linear electromechanical effect was detected in a ferroelectric side chain polymeric
liquid crystal. Preliminary data on temperature and frequency dependence are presented.

H. 36ep, N. bata, . Weposcku, A. Winusa: JiuHeNHbIN 3neKTpoMexaHuueckuii avdekT
B CErHeTO3NeKTPUUYECKMX NONMMMEPHBIX XMAKUX KpucTannax. KFKI-1991-07/E

AHHOTAUMKA

HabnoaancA NUHENHIM 3NeKTPOMEXaHUu4eCKui addeKT B CerHeToanekTpuueckom rpeb-
HeoBpa3HOM NONUMEPHOM KMAKOM KpucTanne. [lokasaHe npeaBapuTenbHLIE AaHHbe O 3aBU-
CUMOCTU OT TeMmnepaTypbl U UYACTOThi.

Eber N., Bata L. Scherowsky G., Schliwa A.: Linearis elekiromechanikai effektus
ferroelektromos polimer folyadékkristalyban. KFKI-1991-07/E

KIVONAT

Linearis elektromechanikal jelenséget talaltunk ferroelektromos fésls polimer
folyadékkristalyban. Bemutatjuk a jelenség hdmérséklet- és frekvenciafiggésére vonatkozo
els6 adatokat. :



Ferroelectricity is one of the most remarkable features of
* *

the chiral smectic C (SC) liquid crystalsl. Due to the

presence of spontaneous polarization this phase exhibits a

fast electrooptical switching2 as well as a linear

electromechanical effect3 which has been studied in detail

. y ; ; 4-8
for various monomeric liquid crystals.
*

Some polymeric liquid crystals also possess a SC phase,
hence these polymers are ferroelectric t:oo.9'_12 Recently two
of us synthesized ferroelectric polymers exhibiting fast
electrooptical switching, > 1°

In this letter we would like to announce that we were
able to detect the linear electromechanical effect in one of

those polymers. The same effect has just been observed

*
independently on another polymeric Sc substance as well.16

Our measurements were carried out using a polyacrylate

side chain polymer with a chemical formulala’14

(-CH,

H
N ! 0 o-¢*-c_u
0" O-{E8534479 = i Cef13
CH,

having Mw=15000 and 1its polydispersity characterised by

MW/MN=1.5. Polarisation microscopy of 2 um samples and DSC
yielded the following phase sequence:

-CH-)
| n

151 °c 142 °c , 125 °c 92 °c 50 °C

” i SA Sc Sx SB

Glass




N.EBER, L.BATA, G.SCHEROWSKY AND A.SCHLIWA

In the S; phase the sample exhibited fast ferroelectric
switching, however, in the Sx: phase only a switching of
electroclinic type could be detected.14

In order to determine the electromechanical response of
the polymer we prepared a 15 um thick sample using the same
experimental set-up as for monomers.4’5’7

This sample possessed a very broad I-SA—Sz phase
transition, i.e. a coexistence of three phases was detected
over a 10 °C temperature interval. The transitions into the
other smectic phases were much sharper, however, in various
domains they occurred at different temperatures within a
range of 5-10 °C. This inhomogeneity of the cell remained
even after repeated heating-cooling cycles.

Due to the merging I-SA-S; phase transitions the shear
method of orientation17 proved to be ineffective. So we
simply qooled down the sample in an AC field from the
isotropic phase yielding poor orientation with a lot of

focal conics.
‘ When a harmonic voltage of 50 Veff was applied onto the

*

sample in the S_. phase, a harmonic mechanical vibration of

c *
the same frequency occurred just as in case of monomeric Sc
liquid crystalsa. Figure 1 presents the temperature

dependence of the vibration amplitude measured by a
piezoelectric accelerometer.

This proves that the linear electromechanical effect
does exist in a polymeric S: liquid crystal. Despite of the
poor orientation, the vibration amplitudes are of similar
order of magnitude as in S; phase of 1low molar mass
compounds7. Figure 1 illustrates that this electromechanical
effect is existing even in the lower temperature SX phase of
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FIGURE 1 Temperature dependence of the vibration amplitude

the iame compound, moreover, it may be stronger in Sx than
in SC‘ : 4
'As in case of monomers , the plot of the frequency
dependence of the vibration amplitude exhibits several
maxima in the 0.1-6 kHz range. We mapped the spectrum around
the most pronounced resonance peak (3.81 KkHz) by changing
the frequency of the applied voltage in 10 Hz increments.
Some typical spectra are plotted in Figs. 2 and 3 for
cooling and heating the sample respectively.

The figures show that the behaviour of the sample in
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FIGURE 2 Frequency dependence of the vibration amplitudes
at some temperatures during cooling

heating (Fig.3) the resonance frequency is shifting with the
temperature, this may explain the presence of the double
peak in Fig. 1.

We guess that the resonances in the vibration spectrum
of the polymer are connected with the defect structure of
the sample18. So the different spectra in Figs. 2 and 3
cooling is remarkably different from that in heating. In
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FIGURE 3 Frequency dependence of the vibration amplitudes
at some temperatures during heating ‘

render probable that the textures depend on whether the
sample was cooled down from the isotropic phase or it was
heated up frqm the glassy or SB phase. For example in
cooling the sample might be more planar and this may be the
reason for the larger vibration amplitudes.

This work was partially supported by the Hungarian
National Research Fund (OTKA-1756).
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