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Abstract

Owing to sensitivity to external perturbations such as temperature, electric field, and magnetic field, the dielectric and
electro-optical properties of liquid crystals (LCs) can be easily tuned. In recent years, the dispersion of nanomaterials into
LCs has proven to be an important tool for the fabrication of various devices with improved characteristics. In the present
study, we have synthesized a nanocomposite of vanadium-doped titanium oxide (VTO) with the integration of molybde-
num diselenide (MoSe,) and molybdenum trioxide (MoO5), designated as VTO-MSE (V-TiO,/MoSe,/MoQO3), through a
hydrothermal procedure and measured the dielectric features of 4'-octyl-4-biphenylcarbonitrile (also known as 8CB) LC
material doped with the VTO-MSE nanocomposite at different concentrations (0.1 wt.%, 0.25 wt.%, 0.5 wt.% and 1 wt.%) in
smectic A (SmA) and nematic (N) phases of 8CB at 28 °C and 36 °C, respectively. The uniform dispersion of VTO-MSE in
8CB was confirmed using polarizing optical microscopy, and the dielectric measurements were performed using frequency-
dependent dielectric spectroscopy in the frequency range of 20 Hz—2 MHz. The dielectric parameters (&' and ¢”) decreased
on the dispersion of the nanocomposite in 8CB LC in the low-frequency region due to the reduction of mobile ions. The
peak of the dielectric loss factor (tan §) also shifted towards the low-frequency side because of the decrease in the mobile ion
density. The threshold voltage was found to decrease for the VTO-MSE-mixed 8CB samples and dielectric anisotropy was
also obtained, which shows an increase in its value for the nanocomposite dispersed systems. These results can be beneficial
for the manufacture of display devices.
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Introduction

Liquid crystals (LCs) act as soft smart materials due to their
controllable responsive and adjustable nature which makes
them favourable for display and non-display applications. !
The LC is the state of matter intervening between crystalline
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solids and isotropic liquids with anisotropic electrical, opti-
cal, and magnetic properties. Depending on their molecular
symmetry, they are categorized as nematic, smectic, and
cholesteric phases, where the nematic phase possesses a
long-range orientational order while the smectic has some
positional order along the orientational order.”® LC-based
display devices deal with certain issues such as image stick-
ing, slow responses, high threshold voltages, and reduced
voltage holding ratio due to the presence of mobile ions
that degrade their performance. When an electric field is
applied to these systems, the ions move towards the elec-
trode surface, are adsorbed there, and thus create their own
field which reduces the effect of the applied electric field.’
Several efforts have been made to solve these issues, and
two approaches have been considered by researchers. The
first is the synthesis of a new LC with desirable properties
and the other is the use of certain guest materials to disperse
in the host LC to tune their properties.®* Nanomaterials
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such as nanoparticles, nanotubes, and nanorods have been
dispersed in LC to tailor their electro-optical and electri-
cal properties.'*!3 These methods for tuning LC properties
are much faster and more feasible. Nanomaterials trap or
adsorb mobile ions on their surface when dispersed in LC,
which in turn reduces ion concentration and improves the
performance of display devices.!* Recently, nanocompos-
ites have proved to be potential guest entities for dispersion
in LC by altering their physical properties. Several studies
have been conducted on TiO, nanoparticle-doped LC, as
they exhibit both ion trapping and releasing behaviour in
different LC matrixes.”'*'® When transition metals such
as vanadium (V) are doped in TiO, nanoparticles, they alter
the bandgap and change the polymorph form of TiO,, which
can be useful for certain electrical devices.!”"!® Molybde-
num diselenide (MoSe,), which belongs to the family of
transition metal dichalcogenides, shows magnificent elec-
trical conductivity, high carrier mobility, and indirect-to-
direct bandgap transition due to its layered structure and
two-dimensional nature, making it suitable for applica-
tions in electronics, optoelectronics, and devices related
to energy.'*~! In addition, molybdenum trioxide (MoO5)
exhibits high electrical conductivity, exceptional stability,
and versatile electrochemical properties that can be used for
various applications in diverse fields such as in gas sensors,
catalysis, energy storage, and optical applications.?*** The
combination of vanadium-doped titanium dioxide (VTO)
with MoSe, and MoO; forms the V-TiO,/MoSe,/MoO;
(VTO-MSE) ternary composite with the unique amalgama-
tion of physical, chemical, optical, electrical, and dielectric
properties, offering unprecedented potential in LC systems.
The physical attributes of the VTO-MSE nanocomposite
are poised to redefine material functionalities, seamlessly
combining the high surface area and structural stability
of VTO with the layered structures of MoSe, and MoOj;,
enhancing the mechanical strength and flexibility.”*>> The
anticipated catalytic properties arising from the interaction
between these components hold promise for influencing the
chemical stability and responsiveness of the LC matrix. This
aspect is particularly appealing for applications that demand
meticulous control of chemical interactions. Optical con-
siderations are paramount in advanced material design, and
the VTO-MSE composite, with its distinctive combination
of materials, exhibits a diverse optical response. Vanadium
doping introduces specific absorbance characteristics, com-
plemented by the wavelength-dependent optical properties
of the layered structures in MoSe, and MOO3.26 Integrating
the composite into LCs has the potential to influence the
electrical behaviour of the matrix, thereby expanding its util-
ity in diverse electronic applications. Moreover, considering
the dielectric properties, the layered structures within the
VTO-MSE composite significantly contribute to its dielec-
tric characteristics, influencing the response of the material

to electric fields.?’ This feature is significant in the context
of potential integration into LC materials, where dielectric
properties play a vital role in controlling the phase transi-
tions and molecular orientations. In essence, the dispersion
of nanocomposites in LC introduces a new dimension to the
synergy between materials and applications, with the poten-
tial to induce transformative changes in the behaviour of the
LC matrix. This multifaceted introduction sets the stage for
a comprehensive exploration of the impact of composites
on LC technologies, ushering in a new era of functional and
tailored material applications.

In this article, we present the synthesis of VTO-MSE
nanocomposites through a hydrothermal process and their
dispersion in an LC material, namely 8CB. We observe the
impact of the nanocomposites on 8CB using polarized opti-
cal microscopy and frequency-dependent dielectric spec-
troscopy. Significant changes are observed in the dielectric
parameters of the VTO-MSE-mixed 8CB samples compared
with the pristine counterpart. Temperature-dependent dielec-
tric measurements are performed in planar and homeotropic
orientations, and the threshold voltage is determined for the
pure and composite systems. We expect that these results
will be advantageous for the fabrication of LC-based display
devices.

Experimental Details

Synthesis of V-TiO,/MoSe,/MoO; (VTO-MSE)
Nanocomposite

The chemical reagents used for the synthesis were obtained
from Sigma-Aldrich and were used without additional puri-
fication. The materials included titanium(IV) isopropoxide
(97%), ammonium metavanadate extra-pure AR (99%), sele-
nium powder (Se), sodium molybdate dihydrate (SMD), and
hydrazine hydrate (HH, 50-60%). Distilled water (DW) was
meticulously prepared in the laboratory using the Arium®
Pro DI-T ultrapure water system. Analytical-grade absolute
ethanol (>99%), obtained from Changshu Hongsheng Fine
Chemicals Co., Ltd., was employed both for cleaning pur-
poses and as a solvent in the experimental procedures. A pre-
cipitation method was used to prepare V-TiO,. The precur-
sors for titanium and vanadium were taken in a molar ratio of
9:1. First, ammonium metavanadate was mixed with 20 mL
of DW followed by sonication for 15 min for proper suspen-
sion of the particles, and maintained under stirring at 40°C.
Titanium isopropoxide was then added dropwise to the
mixture. After successful precipitation, it was centrifuged
followed by oven drying, and was then calcined at 600°C
for 2 h. The synthesis of the V-TiO, (9)/MoSe,/MoO;(1)
(9:1 M) composite involved a hydrothermal procedure. First,
solution (i) was prepared by combining 10 mL of hydrazine

@ Springer



Nidhi et al.

5120
— —
Alkyl chain |\ J Cyano group

1
Biphenyl

Fig.1 The chemical structure of 4'-octyl-4-biphenylcarbonitrile
(8CB).
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Where Cr, SmA, N and I represents crystalline, smectic A, nematic and isotropic phases
respectively.

Fig.2 The phase transition of 8CB.

hydrate (HH) and selenium (Se) powder, and this mixture
was magnetically stirred at room temperature for an entire
day. Solution (ii) was prepared by mixing the as-prepared
V-TiO, (200 mg) in 20 mL ethanol. Simultaneously, solution
(iii) was prepared by stirring a blend of 20 mL distilled water
(DW) and 10 mL ethanol with sodium molybdate dihydrate
(SMD). Achieving suitable suspensions required subjecting
solutions (i) and (iii) to sonication for 15 min. Subsequently,
solution (iii) was gradually introduced into solution (i), and
the resulting mixture was agitated for 15 min, after which
solution (ii) was also added to this mixture and maintained
under stirring for 1 h. The amalgamated solution was then
placed in a 100-mL autoclave for 24 h at 200°C in a furnace.
After cooling, the solution was washed multiple times using
distilled water and ethanol. The resulting material was dried
in an oven for 8 h at 70°C.

Liquid Crystal Material Used

We used 4'-octyl-4-biphenylcarbonitrile, often called 8CB,
as LC material for our experiment, which was procured from
Sigma-Aldrich. Its chemical formula is C,;H,sN. The 8CB
material comprises a biphenyl group with an alkyl chain and
a cyano group attached to the sides as shown in Fig. 1. It has
two LC phases, i.e., smectic A (SmA) and nematic (N). The
phase sequence of 8CB is shown in Fig. 2.%8

Preparation of VTO-MSE-LC Composite

First, the VTO-MSE nanocomposite was dispersed in tolu-
ene and ultrasonicated for 1 h in order to obtain a uniform
dispersion. Measured amounts of this dispersion were then
added to the 8CB material to obtain 0.1 wt.%, 0.25 wt.%, 0.5
wt.%, and 1 wt.% concentrations of VTO-MSE nanocompos-
ite in 8CB. This LC nanocomposite mixture was then soni-
cated for 10 min at 45°C (above the isotropic temperature
of 8CB) to acquire the stable dispersion of nanocomposite
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and LC material. The mixture was kept in an oven at 115°C,
which is above the boiling point of toluene, leaving only
VTO-MSE and 8CB material.

Sample Cell Details

The nanocomposite mixed LC material was filled in com-
mercially available sample cells (Instec, Inc., Boulder, CO,
USA) for dielectric and optical measurements. The thick-
ness of the sample cells was 5 pm with an active area of
100 mm?. These cells have glass substrates with indium tin
oxide (ITO) films coated on them, and the contact of both
electrodes was made on the lower sheet. Then the polyamide
layer was rubbed onto the ITO films to obtain a homogene-
ous alignment of the molecules. The sample cells were filled
with pure and nanocomposite mixed LC materials through
capillary action.

Instruments

Dielectric measurements were carried out using an LCR
meter (E4980A, Keysight, USA) in a frequency range of
20 Hz-2 MHz for the pure and composite systems which
were connected to a temperature controller (mk2000,
C100W, Instec, Inc., USA). The dielectric parameters were
studied under alternating current (AC) voltage of 500 mV
in the LC sample cells. The optical textures were obtained
using a polarizing optical microscope (BX53M, Olympus,
Japan) fitted with a charge-coupled device (CCD) camera.

Results and Discussion

Structural and Optical Properties of VTO-MSE
Nanocomposite

The structural composition and phase identity of the synthe-
sized composite VTO-MSE were investigated via x-ray dif-
fraction (XRD). The XRD pattern, graphically represented
in Fig. 3, reveals distinct sharp peaks corresponding to each
component, confirming the crystalline nature of the compos-
ite. The well-defined peaks associated with vanadium-doped
titanium dioxide (VTO), molybdenum diselenide (MoSe,),
and molybdenum trioxide (MoOj3) confirm the integrity and
crystallinity of the individual constituents within the com-
posite. The pattern analysis of VTO revealed distinct dif-
fraction peaks of anatase and rutile phases, indicating the
presence of two crystalline phases within the VTO. Anatase
peaks (green diamonds) appear at 26.13°, 37.73°, 38.68°,
49.05°, 54.82°, 55.96°, 63.62°, 69.87°, 70.89°, 75.93°,
83.67°, and 85.22°, corresponding to the (101), (103), (004),
(200), (105), (211), (204), (116), (220), (215), (312), and
(224) planes, respectively (JCPDS 21-1272). Rutile peaks
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(black diamonds) appear at 28.31°, 36.81°, 39.37°, 42.07°,
44.86°, 55.17°, 57.53°, and 64.94°, corresponding to the
(110), (101), (200), (111), (210), (211), (220), and (200)
planes, respectively (JCPDS 21-1276).

Diffraction peaks present at 11.71°, 30.09°, and 51.90°
represent the hexagonal crystal structure of MoSe, (JCPDS
29-0914), and correspond to the (002), (110), and (110)
planes, respectively, whereas the diffraction peaks at 23.71°
and 44.00° correspond to the (110) and (320) planes of
a-MoO; (JCPDS 21-0569), respectively. MoSe, and MoO,
are present at approximately 6% and 3.5%, respectively, in
the prepared sample, which is calculated by comparing with
the intensity of peaks using the following equation

Z ]MoSez Or MoO;

x 100
Z 1 Composite

ey

Fraction (%) of MoSe, or MoO; =

—— V-TiO,@MoSe,/Mo0O;
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¢ Anatase
+ Rutile
+ MoSe,
* MoO,
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Fig.3 X-ray diffraction pattern of the as-synthesized nanocomposite
(VTO-MSE).

where Ly,se. 000, A4 Ieomposie T€Present the intensity of
peaks of MoSe, or MoOj; and the composite, respectively.

Figure 4a depicts absorbance versus wavelength plots for
the composite V-TiO,/MoSe,/MoO; between 200 nm and
900 nm. A gradual increase in absorbance can be observed
from 900 nm to 300 nm. The inset shows the Tauc plot for
the calculation of the bandgap. The calculated bandgap of
the composite (~1.5 eV) is less than the bandgap of V-doped
TiO, (~2.0 eV).2"? Figure 4b shows the Fourier transform
infrared (FTIR) spectrum of the composite V-TiO,/MoSe,/
MoO;. The presence of Mo-Se (740 cm™!) and Mo=0 (905
and 944 cm™') groups confirms the successful synthesis of
the MoSe, and MoO components.**~

Additionally, the distinctive vibration mode of Ti-O
(665 cm™") further confirms its incorporation of VTO into
the composite.*® The high-intensity peak corresponding to
Ti—O bonds further confirms the presence of the highest
amount of VTO in the composite. The N-H bonds (1400,
2378 cm™") correspond to the amine groups attached to the
surface of the composite.>**> The presence of C=0 bonds
(1630 cm™") suggests the presence of carbonyl groups. The
C-O stretch (2309 cm™") denotes the presence of ether or
carbonyl groups. Unsaturated C=C bonds, C-H stretching
peaks (2854, 2924 cm™), and O—H peak (3423 cm™") appear
in the FTIR spectra. All these functional groups attached to
the nanocomposite, introducing intermolecular interactions
that modify the properties of the LC.>

Figure 5a and b display the field emission scanning elec-
tron microscopy (FESEM) image and energy-dispersive
x-ray (EDX) spectra of a ternary composite, V-TiO,/MoSe,/
MoO;, showcasing three distinctive morphologies: agglom-
erated V-TiO, spherical nanoparticles, MoSe, nanorods, and
MoOj; microrods. The V-TiO, nanoparticles have an average
size of 85 nm, offering a large surface area and enhanced
interfacial interactions. These properties influence the vis-
cosity and flow characteristics of liquid crystal mixtures,
while also improving compatibility with liquid crystal
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Fig.4 (a) UV-visible absorbance spectra, inset shows the Tauc plot for the calculation of bandgap, (b) IR transmittance spectra.
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Fig.5 (a) FESEM images (b) EDX spectra with elemental ratios of as prepared composite.

Fig.6 Polarizing optical micrographs of uniformly aligned LC sam-
ple cells with thickness of 5 pm at 0 V bias with (a) 0.0 wt.%, (b) 0.1
wt.%, (¢) 0.25 wt.%, (d) 0.5 wt.%, and (e) 1 wt.% of VTO-MSE nano-

matrices, thereby promoting homogeneity and stability.?”-3

The elongated and anisotropic shape of MoSe, nanorods,
with an average diameter of 33 nm, enables alignment with
liquid crystal molecules, which is crucial for optimal optical
performance.*”*° MoO; microrods, which are larger than
nanorods, aid in better dispersion within liquid crystal matri-
ces, preventing agglomeration, ensuring uniform distribu-
tion, and enhancing stability in the liquid crystal matrix.*!*?
Figure 5b shows the EDX spectra analysis which confirms
the successful incorporation of vanadium, titanium, molyb-
denum, selenium, and oxygen as per the stoichiometry ratio.

@ Springer

composite in 8CB at 28°C (SmA phase). The crossed arrows repre-
sent the crossed position of polarizer (P) and analyzer (A). Scale bar:
100 pm.

The absence of extra peaks in the EDX plot confirms the
high purity of the as-prepared composite.

Polarizing Optical Microscopy

The optical micrographs were observed by keeping the
sample cells under the crossed polarizers for pure 8CB
and VTO-MSE nanocomposite-mixed 8CB in both the
SmA and N phases at 28°C and 36°C, respectively, as
depicted in Figs. 6 and 7. The micrographs had a uniform
colour, which suggests that there is a homogeneous and
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Fig. 7 Polarizing optical micrographs of uniformly aligned LC sam-
ple cells with thickness of 5 pm at 0 V bias with (a) 0.0 wt.%, (b)
0.1 wt.%, (c) 0.25 wt.%, (d) 0.5 wt.% and (e) 1 wt.% of VTO-MSE

nanocomposite in 8CB at 36°C (N phase). The crossed arrows repre-
sent the crossed position of polarizer (P) and analyzer (A). Scale bar:
100 pm.

10" 10

Frequency (Hz2)

Frequency (Hz)

Fig.8 Variation in dielectric permittivity (¢') with frequency at different temperatures at 0 V biasing for (a) pure 8CB and (b) 0.1 wt.% VTO-

MSE-mixed 8CB sample.

agglomeration-free molecular alignment of the composite
in the sample cells.

Dielectric parameters

The real (¢') and imaginary (&") parts of dielectric permit-
tivity were calculated using the dielectric spectroscopy and
were plotted with respect to frequency at different temper-
atures varying from 20°C to 44°C for pure 8CB and 0.1
wt.% VTO-MSE-mixed 8CB at O V biasing as represented
in Figs. 8 and 9. In the low-frequency region, the value of

¢’ increases with a decrease in frequency due to the space
charge and interfacial polarization caused by the faster
movement of ions towards the electrode than the rate of
change in polarity of the applied electric field. This increase
in &' is also attributed to the Maxwell-Wagner polarization
in which the dielectric is considered as inhomogeneous
medium with conducting grains which are separated by the
grain boundaries that are resistive in nature. When the elec-
tric field is applied to the dielectric, space charges accumu-
late near the grain boundaries which are more dominant than
the grains, and hence we observe the greater value of &' at
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Fig.9 Variation in dielectric loss (") with frequency at different temperatures at 0 V biasing for (a) pure 8CB and (b) 0.1 wt.% VTO-MSE-

mixed 8CB sample.
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Fig. 10 Variation in dielectric loss factor (tan §) with frequency at different temperatures at 0 V biasing for (a) pure 8CB and (b) 0.1 wt.% VTO-

MSE-mixed 8CB sample.

low frequency.** As the frequency increases, ¢’ decreases
and attains a constant value and further decreases at high
frequency as the ions no longer follow the electric field. It
was observed that the value of ¢’ increases with temperature
due to the disordering of the molecules at increased tem-
perature. Furthermore, the sudden increase in the value of
¢’ corresponds to the transition of the LC material from the
nematic phase to the isotropic phase. In the dielectric loss
or ¢"” graph, two peaks were observed, one in the low-fre-
quency region which is attributed to the electrode and space
charge polarization, and the other in the high-frequency
region which arises due to molecular rotation.** Moreover,
the peak in the lower-frequency region shifts towards the
high-frequency side with an increase in temperature due to
the increased rotational viscosity in the medium.*’

The dielectric loss factor or tan ¢ is defined as tan
o=¢"/¢', which represents the energy dissipation in the
dielectric system. Figure 10 illustrates the variation in tan §
with respect to frequency at different temperatures for pure
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8CB and 0.1 wt.% VTO-MSE nanocomposite-mixed 8CB
material at 0 V biasing. A low-frequency peak is observed
in both samples which appears due to the relaxation of ions
in the lower-frequency region as they accumulate near the
electrode surface.*® This peak shifts towards the high-fre-
quency side as the temperature increases due to the space
charge polarization of mobile ions present in the sample that
shift towards the high-frequency region with the increasing
temperature.

Figure 11 shows the plot of ¢’ with frequency for various
concentrations of VTO-MSE nanocomposite-mixed 8CB
material at 0 V biasing for SmA and nematic phases at 28°C
and 36°C, respectively. The value of ¢’ decreases when the
VTO-MSE nanocomposite is dispersed in 8CB as compared
with pure 8CB in the lower-frequency region for 0.1 wt.%
and attains almost the same value for 0.25 wt.%, 0.5 wt.%
and 1 wt.%. The greatest changes are observed for 0.1 wt.%,
which is considered to be the optimum concentration. The
adsorption of ions on the surface of the nanocomposite leads
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Fig. 11 Variation in dielectric permittivity (&) with respect to frequency at 0 V bias for (a) smectic and (b) nematic phases for pure and compos-

ite samples.
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Fig. 12 Variation in dielectric loss (¢”) with respect to frequency at 0 V bias for (a) smectic and (b) nematic phases for pure and composite sam-

ples.

to a decrease in the number of ions in the low-frequency
region, resulting in a low value of ¢’. Accordingly, the value
of ¢" decreases for VTO-MSE-dispersed 8CB in the low-
frequency regime as shown in Fig. 12 due to the reduction
in ionic impurities upon the addition of nanocomposite. The
dielectric spectra can be evaluated using the following equa-
tions developed by Uemura to describe the motion of mobile
ions under the effect of a small alternating field in the low-
frequency region

2nq2D3/2
- —3/2 2
¢ £0d7r1/2k37j @
’" 2nq2D 1
"t @

where n represents the density of the mobile ions, ¢ is the
electrical charge, D is the diffusion coefficient of the ions,
d is the thickness of the cell, ¢, is the dielectric permit-
tivity of free space, kj is the Boltzmann constant, 7 is the

temperature, and f is the frequency.*’*® The ¢ and " are
directly proportional to the ion density as indicated by these
equations, and thus their reduced value on the dispersion of
the nanocomposite in pure LC depicts the decrease in the
density of mobile ions.

The variation in tan 6 with respect to frequency for
different concentrations of VTO-MSE-dispersed 8CB at
0 V for SmA and N phases at 28°C and 36°C, respec-
tively, is given in Fig. 13. The value of tan 6 decreases
with frequency in the low-frequency region, which can be
explained on the basis of the Koops model. According to
this model, the dielectric consists of two layers: one rep-
resents the grains, which is the conducting layer, and the
other is the grain boundaries, which is the non-conducting
layer. The conducting layer is effective at high-frequency
regions, and thus we obtain a lower value of tan o, while
the grain boundaries are prevalent at lower frequencies due
to high resistivity which contributes to the higher value
of tan .%°" The relaxation peak in the lower-frequency
region shifts towards the low-frequency side on the disper-
sion of VTO-MSE in the 8CB material. This shift can be
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Fig. 13 Variation in dielectric loss factor (tan d) with respect to the frequency at 0 V bias for (a) smectic and (b) nematic phase for pure and

composite samples.
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Fig. 14 Temperature-dependent (a) parallel and perpendicular components of ¢ and (b) Ae of 8CB and VTO-MSE in 8CB composite for differ-

ent concentrations at 1 kHz.

ascribed to the reduced rotational viscosity of the LC due
to the trapping of ions by the nanocomposite.

Dielectric Anisotropy

Dielectric anisotropy (A¢) is the difference in dielectric per-
mittivity between the homeotropic and planar orientations.
It is defined as

Ae=¢ ¢, @
where g is the parallel component of dielectric permittivity
when the molecules orient in the parallel direction to the
electric field (homeotropic orientation) and €, is the per-
pendicular component of dielectric permittivity when the
molecules align in the perpendicular direction to the elec-
tric field (planar orientation).>'>> These measurements were
not taken in the low-frequency region where mobile charge
polarization processes occur at a frequency of 1 kHz fre-
quency where Debye-type dipolar relaxation of molecules
arises.>® Figure 14a shows the variation in the parallel and

@ Springer

perpendicular components of dielectric permittivity with
respect to temperature for pure and composite systems,
where £ was evaluated at 40 V with €, at 0 V DC bias.
g increased slightly in the case of VTO-MSE-dispersed
8CB as compared with pure 8CB, while there were no sig-
nificant changes in €. The plot of Ae with temperature for
the pure and composite samples is shown in Fig. 14b. The
value of Ae decreases with increasing temperature because
of the disordering of LC molecules. In addition, the value
increases in the nanocomposite mixed samples relative to the
pure sample. The Ag is proportional to the order parameter,
according to the Maier and Meier theory.>*> On dispersion
of the VTO-MSE nanocomposite in 8CB, the order param-
eter increases, and hence Ae increases. Also, it was observed
that the transition temperature of VTO-MSE-mixed 8CB
was slightly increased by 1°C for 0.5 wt.% and 1 wt.% due
to the change in the order parameter of the molecules.
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Fig. 15 Variation in (a) dielectric permittivity (¢") with respect to voltage for nematic phase and (b) threshold voltage with respect to concentra-

tion for smectic and nematic phases.

Threshold Voltage

The threshold voltage (V,,,) is the voltage at which the LC
molecules orient themselves in the direction of the electric
field applied to the sample cell. Figure 15a shows the vari-
ation in &' with respect to the voltage in the N phase for the
pure and composite samples. V;;, has been calculated using
this graph and has been plotted at different concentrations
of VTO-MSE nanocomposite for SmA (28°C) and N (36°C)
as shown in Fig. 15b.

It was observed that the value of V; decreased for the
composite sample as compared with pure 8CB and remained
almost constant with the increase in the concentration of the
VTO-MSE nanocomposite due to the suppressed screening
effect caused by the trapping of ions on the surface of the
nanocomposite.’! Further, V,;, is inversely proportional to the
Ag, and because A¢ increases with the dispersion of VTO-
MSE in 8CB, V, decreases.”® This indicates that the switch-
ing time of the LC molecules decreases and they respond
more rapidly to the applied voltage.

Conclusion

In this work, we have synthesized a VTO-MSE nanocom-
posite using a hydrothermal process and dispersed it in an
8CB LC material. Different concentrations of the VTO-
MSE-8CB composite (0.1 wt.%, 0.25 wt.%, 0.5 wt.% and 1
wt.%) were prepared and their optical textures were observed
using a cross-polarized optical microscope. The uniform
micrographs obtained from this study suggest the homoge-
neous alignment of molecules on the dispersion of nanocom-
posites in the host LC material. The frequency-dependent
dielectric parameters (&', £” and tan §) were evaluated using
dielectric spectroscopy in the range of 20 Hz-2 MHz. The
values of ¢’ and &” were found to be reduced in the case
of the VTO-MSE nanocomposite mixed with 8CB in the

low-frequency region due to the space charge polarization
and ion trapping effect. The relaxation frequencies shift
towards the low-frequency side in the composite system
due to the decrease in the mobile ion density. Dielectric
anisotropy was also calculated and found to increase in the
nanocomposite dispersed system, which is attributed to the
increased ordering of LC molecules. The threshold voltage
was found to decrease in the VTO-MSE-dispersed 8CB
samples, indicating the fast switching of molecules upon
the addition of the nanocomposite. These findings may be
beneficial for the fabrication of display devices with reduced
ionic impurities and fast responses.
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