This article was downloaded by: [University of Haifa Library]

On: 16 August 2012, At: 12:42

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Resonance Mode and
Pretransitional Fluctuations
Near the SMA—SmC* Phase
Transition

Mikhail Pivnenko ? , Alexandr Fedoryako ® , Miroslav
KaSpar b Véra Hamplova g Sergiy Pakhomov b

% Institute for Single Crystals, Academy of Sciences
of Ukraine, 60 Lenin Ave., Kharkov, 310001, Ukraine

® Institute of Physics, Academy of Sciences of Czech
Republic, Na Slovance 2, 180 40, Prague, 8, Czech
Republic

Version of record first published: 24 Sep 2006

To cite this article: Mikhail Pivnenko, Alexandr Fedoryako, Miroslav Kaspar,

Véra Hamplova & Sergiy Pakhomov (2000): Resonance Mode and Pretransitional
Fluctuations Near the SmMA—SmC* Phase Transition, Molecular Crystals and Liquid
Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
351:1, 259-267

To link to this article: http://dx.doi.org/10.1080/10587250008023275

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008023275

Downloaded by [University of Haifa Library] at 12:42 16 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 12:42 16 August 2012

Mol. Cryst. and Lig. Cryst., 2000, Vol. 351, pp. 259-267 © 2000 OPA (Overseas Publishers Association) N.V,
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Resonance Mode and Pretransitional Fluctuations
Near the SmA - SmC* Phase Transition

MIKHAIL PIVNENKO®', ALEXANDR FEDORYAKO?,
MIROSLAV KASPAR®, VERA HAMPLOVAP and
SERGIY PAKHOMOV®

Anstitute for Single Crystals, Academy of Sciences of Ukraine, 60 Lenin Ave.,
Kharkov 310001, Ukraine and institute of Physics, Academy of Sciences of
Czech Republic, Na Slovance 2, 180 40 Prague 8, Czech Republic

A low-frequency (0.1 — 100 kHz) resonance mode interpreted as a texture one has been
investigated on ferroelectric liquid crystals (FLC). Compounds and mixtures showing differ-
ent types of the phase transition into the SmC#* phase (I - SmC*, N* — SmC*, SmA — SmC*)
have been examined in order to find the resonance properties in the ferroelectric phase. It has
been shown that the origin of the resonance response (resonance mode) is caused by strong
pretransitional order parameter fluctuations in both SmA and SmC* phases near the second
order SmA — SmC* phase transition. The principal factor causing the resonance mode origi-
nation is the presence of an external mechanical field in the well aligned uniform bookshelf
FLC texture. An interaction between the texture resonance mode and bending modes of glass
cell plates and the synchronization effect have been investigated.

Keywords: ferroelectric liquid crystals; low-frequency resonance mode; bookshelf texture;
mechanical stress; synchronization effect

INTRODUCTION

A low-frequency (0.1 — 100 kHz) resonance mode interpreted as a tex-
ture one has been observed near the second order SmA — SmC* phase
transition on a two-component FLC mixture containing a mesomorphic
matrix and a chiral dopant [1]. This mode manifests itself as free
damping collective director oscillations after the electric field reversal
which are accompanied (and can be revealed) by oscillations of the in-
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duced polarization current [2], optical transmission oscillations of the
sample placed between crossed polarizers [3] and mechanical vibrations
of the sample cell plates [4,5]. It has been shown that the principal fac-
tor causing the resonance mode origination is the presence of an exter-
nal mechanical field in the well aligned uniform booksheif FLC texture
[6]. A resonance which shows a continuous dependence of frequency on
temperature and electric field strength has been discemed in the spectrum of
the oscillations [1,7]. An interaction of this resonance with bending modes
of the cell plates resulting in the change of its frequency and the synchroni-
zation on the nearest bending mode has been observed [1].

In the present work, we have studied a number of different fer-
roelectric mixtures based on lactic acid derivatives showing the sponta-
neous helix unwinding and the helix twist inversion in the chiral smec-
tic C (SmC*) phase {8] and new FLC substances with four ester groups
in the core [9]. The compounds and mixtures showing different types of
the phase transition into the SmC* phase such as I — SmC*, N* -
SmC*, SmA — SmC* have been examined in order to find the resonance
properties in the ferroelectric phase. We have not found any signs of the
resonance response (or oscillations) in such compounds that do not ex-
hibit the SmA — SmC* phase transition. It has been shown that the
origination of the resonance response (resonance mode) might be
caused by strong pretransitional fluctuations of the order parameter in
both SmA and SmC* phases near the second order SmA — SmC* phase
transition.

In is well known that the optical birefringence is in the SmA
phase directly related to the mean-square fluctuations of the tilt angle
[10). Recently, M. Skarabot et al. reported results of high-resolution
birefringence measurements on chiral tilted smectic materials that ex-
hibit a direct phase transition from the SmA phase to tilted phases [11].
Close to the transition into the SmC* phase (AT < 5°C), they observed a
critical suppression of the birefringence, whish is due to pretransitional
fluctuations of the order parameter. The amplitudes of these fluctuations
were evaluated around several degrees.

In our experiment, due to the high orientation order in the uniform
bookshelf texture and the synchronization effect by the electric field
pulse and motion of a cell plate, the director fluctuations turn out to be
coherent and result in the macroscopic phenomenon observed. A corre-
lation between the strength of the electroclinic response (amplitude of
the soft mode) and the initial amplitude of the collective director oscil-
lations has been revealed. The oscillations reach the highest intensity at
the phase transition point.
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Since the molecules are tilted to the smectic layer normal in the
ferroelectric phase, zigzag defects and chevron structure arise resulting
in destruction of the uniform texture and the decrease in the oscillation
amplitude. A mechanical stress in the FLC texture applied at a proper
direction increases significantly (more than one order) the amplitude of
the resonance response and causes expansion of the temperature range
of the resonance mode existence by at least 15 — 20° C into the SmC*
phase. It has also been noted that the zigzag defects disappear under the
mechanical field. We assume that the mechanical stress application re-
sults in a decrease of the molecule tilt angle that causes the chevron
texture to transform to the uniform bookshelf one [12]. This assumption
is confirmed by the observed shift of the phase transition point under
the mechanical stress.

EXPERIMENTAL

The formulas, phase sequences and transitions temperatures (°C) of the in-
vestigated compounds and mixtures are given below.

¢ 1
ool O-Orwogresmm 1o 2

1 SmC* - 124.0 - N*-124.3-BP-124.5 - Iso (8]

2 SmC* - 120.2 - Iso (8]
c,n,,o—g;:—coo—@—coo—@—coo—@-coo—cwm, 31

Cr-70-SmC*-98 - SmA - 115 - Iso [9]

oo AAD-O o gren 1w
n=8: 45 wt%
Cn o——<: :>—coo—<: :}—c 130
Hane ofta n=10: 45 wt%

Cr-38-SmC*-65.0-SmA - 88.5-N*-92.5-Iso

CanTereoe @ @ @ COOCHITHTC 26 wt % s
H17C.‘©:>—‘©_0C5Hw 74 wt %

Cr-28 - SmC* - 65 - SmA - 72 - Iso [3,13]
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Glass plates of 27x15x]1 mm were used as substrates. They were sepa-
rated by 15 pm thick teflon spacers. The working volume of the cell was
15x15x0.015 mm®. The cell construction allowed small moving of the
upper plate. The inner side of the cell plates was coated with transparent
conductors which were under square electric voltage pulses of 100 Hz
frequency. The electric field strength amounted a value up to 3.3 V/um.

According to the work [14], the investigated uniform bookshelf
texture (smectic layers are perpendicular to the cell plates) was built
from the homeotropic one by applying mechanical vibrations to the up-
per plate under the electric field imposed at the temperature of 1 °C be-
low the transition point into SmC* phase. To obtain a controllable me-
chanical stress in the investigated texture, a pressure directed perpen-
dicularly to the smectic layers (along the cell plates) was applied to the
upper plate. The value of the stress was varied up to 10° N/m’. It was
normalized to the working square of the cell.

With substances having a SmA — SmC* phase transition, both the
spontaneous polarization Pg and the tilt angle 6 increase continuously
from zero when the temperature decreases from the phase transition
point T.. This behaviour is a manifestation of the second or weakly first
order phase transition. The temperature dependence of the spontaneous
polarization is fitted to the equation

Py=P(T.~-T) for T< T,
where o' is found to be 0.52 + 0.05. Results of the optical tilt angle are
fitted to the equation

0=0y(T.-T)* for T < T,
where o’ = 0.38 + 0.04. Based on the results of the mean-field theory,
o’ lower than 0.5 implies the existence of a biquadratic coupling and
the piezoelectric coupling between the tilt angle and spontaneous po-
larization.

RESULTS AND DISCUSSION

We have not found any signs of the resonance response (or oscillations)
in such compounds that do not exhibit the SmA — SmC* phase transi-
tion (compounds 1 and 2). We have also not observed dependence of
oscillation parameters on either the helix pitch in the SmC* phase or the
helix twist inversion.

It is remarkable that the resonance effects are not found near the
N* — SmC* phase transition. Even though this transition is of the first
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order, it is also characterised by pretransitional tilt fluctuations [15]. We
cannot give a satisfying explanation of this contradiction here, further
experimental investigations are necessary, but a possible reason could
be the difficulty in obtaining a well-aligned monodomain for com-
pounds that do not have the SmA phase.

Dependence of the oscillation parameters such as initial amplitude
and frequency on the mechanical stress for the mixture 4 at the tem-
perature of 61.8°C (SmC* phase) are shown in Fig. 1. The amplitude of
oscillations grows nonlinearly with the mechanical stress increasing. As
a result of stress applying, the initial amplitude can be increased almost
in a decade. When the value of the mechanical stress reaches 450 N/m?
the upper cell plate undergoes an irreversible shift. It is caused by the
bond breaking between the FLC molecule and the plate surface and re-
sults in destroying the uniform bookshelf texture. Due to this texture
destruction, the oscillation amplitude drops abruptly. The oscillation
frequency also grows nonlinearly with mechanical stress increasing.
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FIGURE 1 Dependence of the amplitude (A) and frequency (F) of the oscillations on
the mechanical stress for the mixture 4 at the temperature of 61.8°C (SmC* phase).
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The maximum frequency deviation due to the stress application amounts
to about 30 % of the frequency value for the undisturbed FLC.

Similar dependence of the oscillation parameters are observed
also at other temperatures of SmC* phase. The oscillation parameter
changes resulted from the mechanical stress application remain reversi-
ble until the FLC texture is destroyed.

As can be seen in Fig. 1, the elastic mechanical stress arising in
the FLC texture as a result of the applied mechanical strength increases
the oscillation amplitude significantly. However, the oscillations with
initial amplitude of 120 mV observed at the absence of the external me-
chanical strength also take place due to a mechanical stress but the in-
ternal one. This internal stress is evoked by existence of domains with
different director orientations. One can select such magnitude and di-
rection of the external strength that the internal mechanical stress will
be compensated thoroughly and the oscillations vanish.

Temperature dependence of the oscillation amplitude at the con-
stant external mechanical stress of 320 + 4 N/m’ and without it are
shown in Fig. 2 (curve 1 and 2, respectively). Comparison of curves 1
and 2 evidences that the external mechanical stress is the main factor of
the director oscillations appearance in SmC* phase at a temperature

more than 1°C below the phase transition point. When only a weak in-
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FIGURE 2 Temperature dependence of the oscillation amplitude at the constant ex-
ternal mechanical stress of 320 + 4 N/m? (1) and at the weak internal stress (2) for the
mixture 4. The arrow indicates the phase transition temperature for undisturbed FLC.
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ternal mechanical stress takes place, the oscillations of small amplitude
can be observed in a narrow temperature range near the phase transition
(curve 2). The temperature dependence of the oscillation amplitude is
symmetrical with respect to the phase transition point. Just such type of
the oscillations was observed in all previous investigations [1-7].

A constant external mechanical stress of about 10* N/m’ results in
significant increasing of the oscillation amplitude and expansion of the
temperature range of oscillation existence at least by 15 — 20°C towards
SmC* phase. In contrast, in the SmA phase, the influence of the exter-
nal mechanical stress is insignificant. Moreover, one can see that the
oscillations reach their maximum amplitude at different temperatures
depending on the amount of the external mechanical stress. It was sup-
posed in previous works [1,4] that the maximum is associated with the
phase transition point. So, the shift of the maximum signifies either the
oscillation maximum shift with respect to the phase transition point or
that of the phase transition point itself. We consider the second as-
sumption is valid, namely the external mechanical stress changes the
temperature of the phase transition at least by 1.5°C at 320 N/m’. It is
similar to the mechanical pressure influence on the phase transition
temperature in liquid crystalline elastomers [16].

It was noted at the investigation of the uniform bookshelf texture
that the decreasing of the oscillation amplitude with cooling is accom-
panied by the appearance of typical chevron disclinations [5]. It is re-
markable that the application of the mechanical stress results in the dis-
appearance of these disclinations and the reappearance of the oscilla-
tions and resonance response of the FLC. We consider that the me-
chanical stress application results in a change of the molecule tilt angle
that causes the shift of the phase transition point and transformation of
the chevron texture to the uniform bookshelf one.

Two different types of sound frequency resonances were dis-
cermed in the electric response on fast field reversal in a FLC {1,7]. The
first one consists of mechanical resonances of bending modes of the cell
glass plates. Frequencies of these resonances do not depend on external
parameters (temperature, electric field strength). The second type reso-
nance, that of electric oscillations, shows a continuous dependence of
all parameters on temperature, electric field strength and mechanical
stress, thus allowing us to suppose that this resonance is the texture one.

We have studied the interaction between the texture resonance
and the bending modes of the plates for the mixture §. The oscillation
frequency has been found to be changing during the response period
(Figure 3). Oscillations on the texture mode are excited immediately
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clectric field strength / Vium
Figure 3 Electric resonance response (a) and the frequency change therein (b) for
the mixture 5. Dependence of the oscillation frequency at the start of the response
(circles) and at its end (triangles) versus electric field strength (c).

afier the field is reversed, since the excitation time of that mode is short
due to its relatively low quality. 1 — 1.5 ms later, oscillations on the
nearest bending mode are excited due to interactions of these modes; in
other words, the texture resonance is synchronised with the nearest
bending mode.

CONCLUSION

The principal factor of the resonance mode origination is the strong
pretransitional fluctuations near the second order SmA ~ SmC* phase
transition and the presence of the mechanical stress directed perpen-
dicularly 10 the smectic layers (along the cell plates) in the FLC texture,
This mechanical stress either is caused by some intemal texture pertur-
bations when there are some regions with a different director alignment,
or is made by an external pressure on the upper cell plate in the required
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direction. This mechanical stress results in a change of the molecule tilt
angle and the phase transition temperature and causes the chevron tex-
ture to transform to the uniform bookshelf one. An interaction between
the texture resonance mode and bending modes of glass cell plates and
the synchronization effect have been illustrated.
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