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Bicomponent Systems with Induced or Enhanced
Antirerroelectric SmC, * Phase

S. GAUZA®, K. CZUPRYNSKI*, R. DABROWSKI?, K. KENIG?,
W. KUCZYNSKI ® and F. GOCP

Military University of Technology, 00-908 Warsaw, Poland and BInstitute of
Molecular Physics, Polish Academy of Science 60—179 Poznan, Poland

A new method of the formulation of liquid crystalline antiferroelectric (C,*) materials from
smectic C* and smectic A components is demonstrated. The phase diagrams of the induced
Cx* systems and the temperature dependence of their smectic layer spacings and switching
behavior are shown.

Keywords: Induced antiferroelectric phase; phase diagrams; X-ray scattering; switching
properties

INTRODUCTION

The discovery of the threshold antiferroelectricity [1] and then V-shaped
switching [2] by Fukuda’s team has aroused great interest among
scientists involved in technology of active and passive matrices and has
opened new prospects for development of smectic C»~ compounds and

mixtures.
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The nature of intermolecular forces responsible for alternating tilt order
in the SmC," phase is not fully understood yet, but it is believed that
both large transverse permanent electric dipole moments at the terminal
chains of molecules and steric effects are responsible for the
antiferroelectric order in smectic layers [3]. Similarly, polar and steric
forces are also very important for the induction of new phases in
mixtures which occurs in multicomponent systems of the same polarity
as well as different polarity [4]. Considering these conditions we were
looking actively for the compounds which were able to induce the
antiferroelectric phase from the components not having this phase. We
believed that in the systems with induced SmC," phase the induction
strength may be easily changed as it was observed for the induction of
SmA, phase [5,6]. According to this prediction the SmC, phase
strongly ordered or strongly disordered may be created even in the same
systems only by a change of the components concentration. It would
give a new possibility of better understanding of the origin of the SmC,’
phase. In this paper we present the first systems in which SmCy is
actually induced. We have found such ability for chiral esters of
formulae I or II having partially fluorinated terminal chain R such as
C¢F13CH,;CH0. The structure I with this terminal group (compound 1)

Ve R S a SN 5 S A S

I 11
and the structure II with the same one (compound 2) have the following
phase transition temperatures (7]
Compound 1 Cr, 80.7 Cr 98.9 SmC’ 150.4 SmA 184.4 Iso
Compound 2 Cr94.3 SmC" 155.0 SmA 184.0 Iso
Both of the compounds have SmC’ phase in a broad temperature range
and it is strongly tilted (angle 6 is about 40 degree). As the partner for
compounds 1 and 2 the following compounds of structure I and II have
been investigated.
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Compounds Phase transition temperatures [°C]
No R in structures |
3 CeH)/O Cr 84SmCa’1 18.65mC,119.9SmCp120.6SmC,122.4SmA 1481
4 CFiCHYO(CH;),0 Cr 107.48mC," 127.0SmA151.21
5 CFiCF:CF.CO(CH0 Cr 83.5SmCa 121.0SmC” 123.6SmA128.81
6 C;HsOCH:CH,0 Cr 102 Smls” (90.5) SmAI148.11
7 CHyOCH,CH,CH;O Cr73.3SmA 12501
8 CHyCOOCH;CH,CH,O Cr60 Smia” (56) SmA 131.01

R in structure I
9 C4HyOCH,CH,CH,O Cr 90.5 SmA (86.6)1

INDUCED SMECTIC ANTIFERROELECTRIC PHASE
(SmCA.)

Phase diagrams of bicomponent systems with induced SmC,

phase
The phase diagrams were obtained by the single concentration method

(separated samples were weighted for each concentration). The total
weight of the single sample was 0.02 g. To obtain the better mixing of
components they were solved in chloroform and the solvent was
evaporated by heating. Temperatures of phase transitions were
determined using a hot stage LINKAM THMS 600 unit and BIOLAR
PZO polarizing microscope. The temperature change rate was 1 deg/min
in the phase transition region. Monotropic transitions were measured
using a second external heater for quick heating and then the sample
was placed on THM 600 unit at the fixed temperature. The phase
diagrams of the following pairs of bicomponent mixtures containing
compound 1: 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9 and containing compound

2: 2-3, 2-5, 2-6, 2-7, 2-9 were worked out, see examples in Figure 1a, b
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(for the systems with the enhanced SmC," phase) and Figure 2a, b, ¢, d
(for the systems with the induced SmC," phase).

T{Cl TICl
200 A a) A 200 200 b) 200
Iso
150 4 SmA - 150 1504
smC*
100 4 SmC*A ! 100 1004
Cr
504 L 50 504
° —~ v - °
° 1 02 04 08 08 H ° 02z o4 o8 o8 j
Mol Fraction 4 Mot Fraction 3

FIGURE 1 Phase diagrams of bicomponent mixtures: 1-4, 1-3
with enhanced SmC*, phase and the same for 2-3 and 2-5.
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FIGURE 2 Phase diagrams of bicomponent mixtures: 1-6, 2-6,
1-9, 1-8 with induced SmC*, phase.
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The presence of 1 or 2 is necessary for induction SmC,’, the
compounds 3+8 (mixed themselves) didn’t induce or enhance the phase
stability. In the investigated bicomponent systems the induced SmC,’
phase was observed in the concentration range of 0.2+0.9 mole ratio of
the non fluorinated compound and temperature 120°C was the
maximum value for thermal stability of the induced SmC," phase. The
data for all investigated systems with induced SmC,_ are listed below.

Mixture  concentration range of SmCa’ [Xmel]  max. teas.ce transition [°C]

1-9 0.25 - 0.87 107
1-8 0.20 - 0.93 114
1-6 0.20 - 0.80 120
26 0.15 - 0.70 107

1/2:9 0.25 - 0.65 104

1126 0.28 - 0.76 120

Temperature _and concentration dependence of smectic layer

spacings in systems with induced SmC, phase

The smectic layer spacing was measured by diffractometer DRON-UH2
and by Guinier camera. Semifree liquid crystal film was used. The
change of the smectic layer spacing (d) for the bicomponent system 2-6

upon temperature and concentration is given in Figure 3, as an example.
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FIGURE 3 Temperature dependence of the smectic layer spacing

for system 2-6, taq - clearing point.

The components 2 and 6 had different d for the smectic A layers but in
their mixtures d, was changed only a little upon the concentration,
Figure 3. The observed value da for mixtures was nearer the value da of
compound 2 than the average value da, but the temperature dependence
of da was similar to the one observed for component 6 (da was
increasing with the decreasing values of temperature). In the
temperature range of tilted phases the increase of the concentration 6
resulted in the fact that the layers were less tilted and the temperature

range for the plateau temperature dependence d was shortened.

The switching behavior

The switching phenomena were investigated using the apparatus
described in [8]. The cells 5 um thick were provided with
semitransparent electrodes made of ITO coated with an orienting layer
of polyimide and rubbed in one direction. A typical dependence of the
intensity of the light passing through the sample on the voltage applied

to the electrodes is shown in Figure 4.
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FIGURE 4 V-shaped switching in the mixture 1-6 for 0,75 mole
ratio of compound 1 for various frequencies at temperature

100°C.

Thresholdless deformation of the C -director is demonstrated as the V-
shaped changes in the light intensity. Ionic polarization effects of
electrodes probably cause a slight shifting of the curves, visible at the
lowest frequencies in Figure 4. On the other hand, similar hysteresis at
high frequencies is probably related to the delay of the response of the
C -director in the electric field due to the viscosity effects.

The V-shaped deformation appears in the binary mixtures 1-6 in a
broad temperature range in the neighborhood of the line in the phase
diagram, which separates antiferroelectric SmCa* ferroelectric SmC*

phases (see the diagram in Figure 2a and Figure 5a).
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FIGURE 5  Switching effect observed in the mixture 1-6 for
0,75 mole ratio of compound 1 for various temperatures,
measured at frequency 2Hz (a) and for various frequencies at

temperature 90°C (b).

Between 70°C and 80°C we observed a change in the switching
characteristics from tristable to thresholdless one. On the other hand, it
appears from Figure Sb that a similar increase of the switching character
is observed at 90°C, when the frequency increases from 0,2 Hz up to 2
Hz. The analysis of switching curves shown in Figures 4 and 5 proved
that so called “thresholdless switching” is not only a property of a phase,
expressed by its presence in certain materials in a given temperature
range. Its presence is also strongly dependent on some experimental
conditions. The effect of surface interactions is already well documented

(see, e.g., [9,10]). Our experiments proved that the frequency of the
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applied electric field is also of great importance. The results enabled us
to draw the conclusion, that the thresholdless switching occurs when (i)
the antiferroelectric structure is not stable in small electric fields and (ii)

the bistable switching takes place at low frequencies.
80~
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E 40?

20
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FIGURE 6 Temperature hysteresis of the dielectric permittivity
of the measured at frequency 440Hz in the mixture 1-6 for 0.75

mole ratio of compound 1.

It is assumed that the thresholdless switching phenomenon is related to
the competition of ferroelectric and antiferroelectric interactions existing
between adjacent smectic layers [10,11] and with disturbances resulting
from this competition. Some indications of such behaviour were evident
in our experiments. Figure 6 shows the temperature dependence of the
dielectric susceptibility of the 1-6 mixture with 0.75 molar fraction of 1.
The dielectric constant is rather low in the antiferroelectric phase,
typically 5+7. In the ferroelectric state, however, the permittivity
reaches values about 70. The curves presented in Figure 6 are an
excellent illustration of the transitions between ferroelectric and
antiferroelectric states. An outstanding property of the permittivity is the
huge hysteresis of the phase transition smectic C,* - smectic C* (about

50°C). This hysteresis results from the mentioned above interactions.
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