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ELECTRIC FIELD EFFECT ON THE SOFT AND GOLDSTONE
MODES IN FERROELECTRIC LIQUID CRYSTALS

WOJCIECH KUCZYNSKI, JERZY HOFFMANN, BARBARA STRYLA
and JERZY MALECKI

Institute of Molecular Physics,
Polish Academy of Sciences,
Smoluchowskiego 17, 60-1792 Poznan, Poland

Abstract The influence of dc electric field on the
Goldstone and soft modes in a ferroelectric liquid
crystal has been studied with optical method. The com-
plex behaviour of these modes has been observed. The
applied electric field not only guenches the Goldstone
mode, but also strongly modifies the properties of the
soft mode.

INTRODUCTION

Two specific modes caused by fluctuations of the director
can be observed in ferroelectric liquid crystalsl: 1) the
soft mode related to changes in the tilt angle value, and
2) the Goldstone mode related to changes in the tilt direc-—
tion. In the smectic A phase only the first mode appears,
whereas in the smectic C* phase both modes occur. Therefore,
the studies of the soft mode in the SmA phase, especially in
the vicinity of the phase transition, are relatively easy.
In the SmC* phase the situation is different. At low tempe-
ratures, far away from the SmC* - SmA transition point the
amplitude of the soft mode is so small that practically in
experiment only the Goldstone mode can be observed. On the
other hand, close to the transition point the amplitudes and
frequencies of both modes are comparablez. Thus, without ap-
plication of some special procedures, a contribution of both
vibrations always reveals in the experiment. To separate the
soft mode one often freezes the Goldstone mode applying a dc

electric field sufficiently strong to remove the helix (see

[7311/295



Downloaded by [Tomsk State University of Control Systems and Radio] at 10:38 19 February 2013

296/[732] WOJCIECH KUCZYNSKI et al.

2.9.3). This procedure makes the studies of the soft mode
considerably easier. However, the guestion arises to what
extent the procedure, in which one applies a relatively high
field, affects the soft mode itself. This problem was in-—
vestigated by Gouda et al? in the smectic A phase. Here, we
present the first results concerning the electric field ef-

fect on amplitudes of these modes in both SmC* and A phases.

EXPERIMENTAL

The ferroelectric modes are usually studied with the dielec-
tric methods, i.e. by measurements of the electric permitti-
vity at various frequenciesl-s. In our experiment the opti-
cal method of detection was applied. The method consists in
measuring the intensity of light passing through the sample
placed between the crossed polarizers. If an ac electric
field directed parallel to the smectic layers is applied to
the sample then the intensity of light passing througbh will

be described by the following formula:

. 2 .2 &
I = ID sin~ 2¢ sin 5 s

{1)

where I and ID denote the intensity of tranmsmitted and in-
cident light, respectively. ¢ is the angle between the vib-
ration direction of polarizer and the optic axis plane, whe-
reas & is the phase difference between ordinary and extraor-—
dinary rays after passing the sample. The applied electric
field affects the ¢ or & angle depending on the orientation
of the sample and causes the modulation of light intensity.
It can be shown that the amplitude of light modulation is
proportional to the ferroelectric component of electric per-
mittivityé. Thus, the optical detection method provides the
same information like the dielectric method, but on the
other hand is much more sensitive. The block diagram of the
measuring equipment is shown in Figure 1. The measurements
of light modulation were performed at various frequencies of
the applied field (10 Hz - 100 kHz). The dc and ac voltages
were applied in the same direction (parallel to the smectic

layers).
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FIGURE 1. Block diagram of the measuring equipment.

All measurements were carried out for 4-octyloxy 4 -[(2Z me-
thylbutyloxy) carbonyl]l phenylbenzoate having the following
phase transition scheme:

K32 (Sc 30.95) SA 55 Iso.

RESULTS AND DISCUSSION

Fig.2 and 3 present typical dependences of the modulation
amplitude of light intensity on a dc voltage at some se-—
lected temperatures in the SmA and SmC* phase, respectively.
In both phases the modulation amplitude decreases with in-
creasing voltage (with erception of small local manima at
temperatures slightly below the SmC* - SmA transition tempe-
rature, Fig.3). The monotonic decrease of the amplitude ob-
served in the SmA phase is in agreement with the results ob-
tained by BGouda et al.4 with the dielectric method. In the
SmC* phase the situation is more complicated, as the optical
response consists of two components, both dependent on the
strength of electric field. Within the range of small vol-
tages (lower than the critical voltage U needed to unwind

C1
the helix) the Goldstone mode is decisive, for higher fields
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FIGURE 2. Optical response as a function of dc elec-
tric field in the SmA phase. Sample thickness 30 um.
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FIGURE 3. Optical response as a function of dc elec-

tric field in the SmCXx phase. Sample thickness 30 um.
Planar orientation.
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the soft mode becomes predominant, The observed decrease in
modulation amplitude is mainly, but not exclusively, caused
by the suppression of the Goldstone mode; this decrease also
occurs within the high field range where the Goldstone mode
is no longer present. On the other hand, the dispersion stu-
dies6 show that the Geldstone mode, althouth week, is still
detectable at relatively high voltages, exceeding several

times the critical veoltage U 1t is comprehensible for

[
voltages within the range U < U<y {Figure 3) since in

this range the sample has actwisted sizucture7. However, the
twisted structure cannot explain the presence of the Gold-
stone mode observed by us in homeotropic samples without he-—
1ix and in planar samples for U > UCZ' In these cases, the
presence of the Goldstone mode can be explained by the sur-
face layer effect.

The facts presented above show that the Goldstone mode can
be removed by electric fields of relatively high intensity
exceeding several times the critical field. However, so high
fields alsc distinctly modify the properties of the soft mo-
de. Thus, the application of a dc electric field in studies
of the soft mode 1is not so advantageous as it has been ex—
pected and the results obtained in the presence of a dc

field should be treated with care.
This work is a part of the CPBP 01.06 Project.
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