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Abstract

In this study UV absorption, textures and electro-optical study havs been pe;rformed for pure ferroelectr
liquid crystal (FLC) and its three different concentrations, i.e., 1%, 3% and 5% o_f polymer. In pure FLC, |
observed that there is higher value of UV absorption for polymer doped system in comparison to the pure
system. The higher value of spontaneous polarization and faster response'has been obser\{ed for polymer
doped system compared to the pure FLC system. The important eIeCh'o-oph(.:al parameters like Spontaneous
polarization, response time and tilt angle have been calculated and plotted with variation of applied voltage,
The tilt angle is an intrinsic property of an FLC material, which is hardly affected by the presence of dye
molecules and hence studies showing such observations are rare. The electro-optical study suggests that there
exists an optimum concentration of polymer for which I have found highest spontaneous polarization and
least response time.
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I. Introduction

Ferroelectric Liquid Crystals (FLCs) are finding interesting applications in a variety of fields like optics,
material science and bioscience [1-8]. In spite of some drawbacks, Ferroelectric liquid crystal (FLC) became
a good option for commercial video applications such as fast response and wide viewing angle. They have
been attracted considerable attention from both fundamental and applied view [8-12]. These materials are
technologically important due to their considerable characteristics such as high optical contrast, good
switching response. The incorporation of different types of guest materials into the host material (FLC) is
very practical method for manipulating the properties of host material. Polymer doped liquid crystals (PDLC)
represent an exciting class of functional materials retaining the useful electro-optical properties of LCs and
adding further unique power abilities and functionalities. PDLC provide wide range of applications such as
privacy windows, reflecting display devices and dynamic holography. Dispersion of various dyes into FLCs
has shown tremendous results due to the unique properties of polymer. In order to improve dielectric
characteristics of liquid crystal materials, doping of polymer in FLC has been introduced [10-12]. The doping
of polymer in pure FLC modifies or improves the electro-optical properties of pure FLC [10,11]. The polymer
doped FLC are not only of fundamental importance but it is also useful in different devices applications such
as development of less energy consuming displays like mobile communication tool. Due to this reason use
of polymer seems attractive in such displays [10]. The UV study [10-12] along with electro-optical properties
of FLC material doped with different concentration of polymer has been investigated.

II. Experimental Details

The sample cells for the present study consisted of highly conducted (H” 10W/n) indium tin oxide (ITO)
coated glass plates. The ITO patterns which were square of dimension of 5 mm are used as electrodes. Such
patterns were achieved by photolithographic techniques [10-14]. The thickness between two glass plates was
uniformly maintained 10 Hm. The planar alignment on the patterned glass plates was obtained by using
conventional rubbed polyimide techniques. A commercially mixture Felix 16/100 has been used as host
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Figure 1. Molecular structure of polymer Poly (3,32 442 -benzn
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The three concentrations O.f polymer has been prepared by doping of polymer 1% wt./wt,, 3% wt./wt
and 5% wt./wt. of pure .FLC in pure FLC and we call these as mixture 1? rm}',?tme 2 and/rx:rm;,tm " ;Vm/r;le
whole paper for discussion. - _

The UV visible absorption study has been
wavelength interval 300-600 nm. The spontaneo
known polarization reversal current method [12

perform'ed UV-VE spectrophotometre (Elico SL210) for a
us polarization measurement has been carried out by well

-14]. The optical response of FLC was performed by square
wave method by using a 5 mW He-Ne laser of wavelength 633 nm. The optical response was recgrdgd by

photo detector InsFec PI?OZ-Ll.The _triangular and -square wave signal (10 Hz frequency and 20 Volt peak
to peak) were applied using a function generator (Tektronix AFG-3021B) for the measurement of spontaneous
polarization and response time. The electrical and optical response of pure and polymer doped mixtures has

been recorded by Textronic TDS-2024C. The output waveform was now used to determine the response time.
The response time of FLCs was evaluated using

Here, t3) and t,, are the time taken by the output waveform to reach 90% and 10% of the maximum of the

output waveform. The alignment of all the mixtures has been checked by Radical polarizing microscope. In this
method, a square wave of frequency 1 Hz and amplitude 20 V peak to peak is applied to the sample cell.

The electrical and electro-optical response of ‘all the mixtures at room temperature and 10 volt peak to
peak has been shown in Figure 2(A) and 2(B). The tilt angle measurement at different voltage has been studied
at room temperature (35°C) by applying (10* Vem'™?) square wave of both polarities at 0.2 Hz to the planar
aligned sample cell. The tilt angle was obtained by setting the two extinction position of the sample. The
tilt angle is half of the angle between the two extinction positions.
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d FLC mixtures (A) Electrical Response
Figure 2. Response curve for pure and polymer dye dope . .
e (B) Optical Response, In both figures (a) Pure (b) Mixture 1 (c) Mixture 2 (d) Mixture.
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ITI. Results and Discussion . i

The electrical switching behaviour of all the mixtures havc? been confl'rred by Oggcalhpc)larizing
microscopic study at 10X magnification through crossed polarizer interfaced with camera. i ;:dphotograph,;
have been taken for all the mixtures in SmC* phase at room temperature. When there 1.:1 no field the texture,
are shown in figure 3(a) as field is increased from 0V, the helical axis of r’{\'oleculc or director get disturh,.
and get oriented more or less parallel along the electrode as shown in Figure 3(b).

The UV visible absorption study has been carried out to observe absor.bancc of w.hltc h%ht bj' pure Flc
and polymer doped FLC mixtures. I have made solution of pure FLC, mixture 1, ml;fof) and mixture 3
in toluene and we kept normality 1N for absorption and fluorescence study. The a sor’ anc;- in a"l'blfrar'/
unit on the wavelength scale in nanometre for the pure and polymer doPcd has' been p ot‘te in Figure 4
From Figure 4 I see that absorbance is higher for polymer dopcd'FLC mixtures in comparison to the pyre
FLC. In polymer doped FLC mixtures we see that absorbance is highest f9r mixture 2 in comparison to th,
other two mixtures. From Figure I see that anomaly increase of absorption for rmxtlfre 3 at wav?lengths
more than 350 nm is due to reason that after mixture 2 polymer saturates and absorption shows this treng.
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Figure 3(a). Optical Photographs in SmC* Phase at room temperature with no field (A) Pure FLC (B)
Mixture 1 (C) Mixture 2 (D) Mixture 3.
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Figure 3(b). Optical Photographs in SmC* Phase at room temperature with field of 5V (A) Pure FLC (B)
Mixture 1 (C) Mixture 2 (D) Mixture 3.
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Wavelength (Nm)
Figure 4. Wavelength variation of absorbance for pure and polymer doped FLC mixtures.
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gini 4 into the FLC, two more interactions occur j

as follows: o ;
1. FLC-polymer interaction.
2. polymer- polymerinteraction.

The increment in tilt angle of polymer doped FLC could be understood a
- polymer interacti.on. The FLC-polymer interaction does not have much effecst ?nf ﬁegzsgie(r)ft t:f tﬁ?lznm (lt
as the polymer lying near to the FLC molecule generate same effect on it from all the sides which in ’tugrn
ts nullified. Therefore, the second interaction dominates over the first interaction. It has been anticipated
that FLC molecules around the polymer molecules get more tilted because of the favourable attrfction
between the two nearby polymer molecules. Therefore, the value of tilt angle for mixture 1 and mixture
2 increases. For mixture 3, the decrease in tilt an i

From Figure 5(b) I see that spontaneous polarization increases for polymer doped mixtures in comparison
to the pure FLC. The modifications in the spontaneous polarization value of FLC material when doped with
different concentrations of polymer could be understood by taking into account this reason. The value of
spontaneous polarization is directly coupled with the tilt angle of the FLC molecule. Tilt angle is the primary
and preferred order parameter whereas spontaneous polarization is the secondary order parameter for SmC*
phase. It is clear from Figure 5 (a) that the value of tilt angle has been increased for the dye doped system;
therefore, the increment in the value of P, value can be attribute

d to the increasing of tilt angle. Thus, reduction
in the value of spontaneous polarization has been observed for the dye doped system.
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1V. Conclusion

Polymer doped system has been explored using UV absorption, texture and electro-optical study, 1
observed in this study that UV absorption is higher for polymer doped system in compared to the pure System,
The optical textures show that as field is increased from 0 volt the axis of helical get disturbed and Orienteq
less or more towards the electrodes. The mixture 2 has highest spontaneous polarization, and least response
time in comparison to all other mixtures, after this concentration of dye there is no practical importance,
The electro-optical study suggests that mixture 2 is an optimum concentration polymer in pure FLC, therefore,
after this mixture there is saturation or slight changes in the value of electro-optical material Parameters,
The enhancement in spontaneous polarization for polymer doped system is an indication of better alignment
because the presence of polymer molecules induces higher spontaneous polarization of FLC molecules.
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