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ABSTRACT

Structural, electrical and optical characterization of polymer-dispersed liquid crystal (PDLC)
doped with small amount of inorganic nanoparticles (NP) are studied. The ZnO/CdO NP Doped
PDLC is prepared using solvent induce phase separation method (SPS). The prepared
ZnO/CdO NP doped PDLC are studied by XRD, TG/DTA, SEM, UV, dielectric measurement,
conductivity measurement, and the cole-cole plot . The semi conducting nature of the grown
samples were confirmed by the semicircle nature of the impedence spectrum. The optical and
electrical properties of the PDLC is enhanced on the addition of ZnO/CdO Nanoparticles to the
PDLC matrix.
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INTRODUCTION

Liquid crystal (LC) devices are quickly finding theway into systems as active phase
modulators and optical band pass filters in ordeémprove imaging capability and flexibilifg,

2, 3]. Liquid crystal has high optical and lightattering properties are depends on the
arrangement of molecule in liquid crystals phasar(atic, smectic or cholesteric) and size of the
LC [4]. Polymer-dispersed liquid crystals are usasl light shutters, Flexible displays,
holographic recording media and Switchable wind¢®%s6, 7]. And we use the material or
equipment, which made by polymer dispersed liquigtal in our recent life as computer and
video devices displays. This is used because g@ayi made by PDLC is flat and thin [8]. Not
only in this it had also used in military purposestl thermal imaging etc [9].

The large-scale study of dispersion of nematicidiquystal in a polymer matrix (PDLC) began
after it was shown that these systems could be tsemeate a new type of electro optical
devices. Mostly the polymer-dispersed liquid crissi@re formed by phase separation method,
which is more beneficial than the Encapsulationhoet[10-12, 1]. PDLC film has another
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important property as it controls the radiation sgak through it [4, 13]. PDLC consists of
micron-sized LC droplet dispersed in polymer maaind LC droplets are randomly distributed
in the polymer matrix and their sizes are closeah® visible wavelength. Because of these
results, light scattering, which originates frone ttefractive index mismatch between the LC
droplets and polymer matrix, is strong [14, 15].

The inorganic nanocomposites have optical, eledireatalytic and mechanical properties and it
also has potential application in microelectrorit8]. Quantum dots, especially 1I-VI such as
CdS (Se, Te) and ZnO (S, Se, Te) etc has photoksoant properties [17]. The ZnS—-PUMM
nanocomposite films have a good refractive inded aigh thermal stability [18, 19]. The
polymer dispersed liquid crystals and polymer dispé Nano-particles have several applications
in many fields. Based on the above literature,un gresent work we make an attempt to grow
ZnO / CdO nano patrticle doped Polymer dispersedidigrystals.

MATERIALSAND METHODS

Extremely pure phenyl benzoate liquid crystal (@5Dimethyl sulfoxide (15 mL), PVA (5 g),
ZnO Nano-patrticles (0.05 g) and 15 mL of DMSO asetlto prepare ZnO doped PDLC.

Make a clear solution of PVA with DMSO (Dimethyll&xide). Then the 0.5 g of pure phenyl
benzoate is added to the clear PVA solution maderdevith continuous stirring and heat the
solution at the time of addition. Then made a ¢dilbsample with 0.05 g of ZnO nano-particles
using DMSO and then the colloidal sample is addedhe above mixture drop-wise. The
prepared sample mixture is poured on a Petri dislaporate the solvent from sample in
sunlight. And the same way followed for the prefiaraof CdO doped PDLC.

RESULTSAND DISCUSSION

3.1 Structural Studies

The structure of all the grown samples was analyagdusing the OLYMPUS 51 optical
microscope and the images are shown in Figure &.pFHoto image shown below will give a
clear-cut of the presence of liquid crystal andapamticles dispersion in polymer matrix. The
cavity like transparent mater shown in the imagethe liquid crystal droplet and the small size
dots like colored mater shown in the image dentitedoresence of(ZnO / CdO) nano-particles.
Besides, the cavities, which are the traces of t@pldts, do not contain nanoparticles or their
aggregates

{ a L ‘,
1a) PDLC 1b) ZnO doped- PDLC 1c) CdO doped -PDLC

Figure: 1 Optical microscopy image for pure PDLC and ZnO/CdO NP Doped PDLC
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3.2 XRD

The PXRD patterns obtained in the present studglaogn in Figure 2 and 3.The sharp peak at
21 °and at 40 confirm the presence of dopants in Polymer maffixe broadening of peaks
indicates the size of the grown samples is in tloeroof nano meter levels. The composition of
peak at 2C° in Figure 2 and 3 shows as the crystalline progertif the ZnO/CdO NP doped
PDLC. The addition of ZnO NP to the PDLC matrix anbed the crystalline properties better
than CdO doped PDLC matrix this is conformed bydharp peaks shown in the Figure 2.
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Figure: 2 XRD for the ZnO NP doped PDLC
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Figure: 3 XRD for the CdO NP doped PDLC

3.3SEM

The SEM image of the grown samples are shown iarEi§.From the SEM picture, we can
conclude that dopants addition improves the foromatif liquid crystals in polymer matrix. But
NP do not distort notably PDLC morphology.
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4a3) PDLC “4b) Zn0 doped-PDLC —4c) CdO doped -PDLC
Figure: 4 SEM imagefor (a) Pure PDLC and (b) ZnO and (c) CdO NP doped PDLC

34TG/DTA Analysis

In order to find the thermal stability of the grosamples, all the three samples are characterized
by TG/ DTA analysis. TG / DTA spectrum of pure ataped samples are shown in Figure 5,6
and 7.
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Figure5: The TG/DTA for pure PDLC
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Figure6: The TG/DTA ZnO NP doped PDLC
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Figure7: The TG/DTA CdO NP doped PDLC

3.5 UV spectroscopy

The Optical absorption spectrum (UV) of the pured amano-particle dispersed PDLC is
represented in Figure 8.The absorption peak at Aé@nm, 340nm and 360nm reveals the
presence of PDLC, ZnO and CdO Nanoparticles resjedyet
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Figure 8: Optical absorption spectrum (UV) for Pure PDLC and ZnO/CdO NP doped PDLC.

3.6 Dielectric Measurements

The capacitance (&) and dielectric loss factor (t&) measurements are carried out on all the
five grown crystals at an accuracy of2%6 using an LCR meter (Agilent 4284A) for five
different frequencies, viz. 100 Hz, 1 kHz, 10 kA®0 kHz and 1 MHz at various temperatures
ranging from 40-15TC. The observations are made while cooling the $anRDLC sheets cut
into small circles of diameter 12mm are used feckical measurements.

Temperature is controlled unto an accuracy d@. Air capacitance (§) is also measured.
The dielectric constant of the crystal is calcudaising the relation
C

gr — _oys
C

air

The AC conductivity ¢, is calculated using the relation [20]
o, =&,E wtand,
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Theg,, ando,c values obtained in the present study are showgares. It has been found that
theg,, ando,c values increase as the temperature increase#l tbedive frequencies considered
in the present study. Thevalue is found to decrease and #hgvalue is found to increase with
frequency for all values of temperatures. This ramnal dielectric behavior. Due to doping of
PDLC with Nano patrticles, significant changes ia talue of ¢, are observed in the frequency
range of 100- 1MHz. Because the properties of pelyn® may substantially differ from the
properties of pure polymer depending on particleaterial, size and aggregation rate[21]. In
this frequency range, the conductivity of PDLC h&e components: the ion component due to
transfer of ions in liquid crystal and the electmymponent due to transfer of electrons inside
polymer. The presence of nano particles in PDLCreases the ion component of the
conductivity as well as the electron componenthaf tonductivity. The impedance (Z aégd
measurements are carried out using an LCR metellaghgd284 A). The Cole-Cole plots
constructed for all doped and undoped samples ghatv CdO addition increases the bulk

resistance of the sample.
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Figure9: Variation of dielectric constant with temperaturefor purePDLC for variousfrequencies.
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Figure 10: Variation of dielectric constant with temperaturefor ZnO NP doped PDL C for various

frequencies.
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Figure 11 : Variation of dielectric constant with temperaturefor Cd

O doped PDLC for various frequencies.
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Figure 12 : Variation of AC conductivity with temperature for pure PDLC for variousfrequencies.
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Figure 13: Variation of AC conductivity with temperaturefor ZnO
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Figure 14 : Variation of AC conductivity with temperature for CdO doped PDL C for various frequencies.
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Figure 15: Cole-Cole Plot for pure PDLC
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Figure 16: Cole-Cole Plot for ZnO NP doped PDLC
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Figure 17: Cole-Cole Plot for CdO NP doped PDLC
CONCLUSION

The, XRD shows as that the crystalline propertreshigher for ZnO doped PDLC compare with
CdO doped PDLC. We know that the Optical properéies enhancing with the increasing of
crystalline properties. Thus by insertion of NP,-ECsystem is transformed to the L€-
system, wheré€ P is a polymer modified by NP. Doping of polymérape with inorganic NP
leads to enhancement of thermal and mechanicalistadd polymer matrix .Also ZnO is the
better dopant for the formation of optically actRBLC materials when compared with CdO.
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