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High concentration (5wt%) of ZnO
1−𝑥

S
𝑥
nanosphere (NS) has been dispersed in the ferroelectric liquid crystal (FLC) to analyze

the effect of high dopant concentration in the FLC matrix. The FLC molecules actively interact with the NS. The presence of NS
enhances the photoluminescence of the pure FLC material due to the coupling of localized surface plasmon resonance from NS
with FLC molecules. The high concentration of NS causes an aggregation in the FLC matrix and creates topological defects. The
defects and aggregation cause the change in electro-optical and dielectric properties of the pure FLC material. The bigger size of
NS as compared to the smectic layer separation causes the warping in the smectic layer. Semiconducting nature of NS also affects
the conductivity of the pure FLC.

1. Introduction

The scope of nanotechnology, in the present age, is not
only limited within the field of material science but also
extended to all the fields of research and application. The
fields like electronics, condense matter, and medical sciences
are benefited from the application point of view when used
with nanoscience [1–3]. The use of nanoscience in fields
of liquid crystal has created some interesting and useful
properties [4].

Ferroelectric liquid crystals (FLCs) have salient features
over the trivial liquid crystals (LCs) because of their tilted
smectic phase and the chirality of the molecules [5]. They
have proved their applicability of showing faster response
time and the instruments based on less threshold voltage
[6]. In addition to these properties, they have also shown
their potential for the field effect transistors (FETs), spatial
light modulators (SLMs), switchable devices, and nonvolatile
memory effects [7, 8]. The prospective of tuning the prop-
erties of liquid crystals due to the addition of nanomaterial
is currently a hot topic in liquid crystal research [9–11].
The composite system of the pure FLC and nanomaterial

has already shown its utility in the FLC-based devices with
greater efficiency [12].

In the present paper, we report a comprehensive study
of the dielectric and electro-optical (E-O) properties of
a ferroelectric liquid crystal highly doped with ZnO

1−𝑥
S
𝑥

nanospheres (NS). The present work has a motive to analyze
the effect of high concentration of the nanomaterial on the
FLC matrix and also on the E-O and dielectric parameters.
The ZnO

1−𝑥
S
𝑥
NS were added in 5%wt/wt concentration

to the pure FLC 16/100. The results show that the doping
of NS alters the physical properties of the pure FLC. The
investigated results are discussed and explained on the basis
of the interactions taking place between the NS and FLC
molecules in the composite geometry, effect of high doping
of NS on the pure FLC, and molecular dynamics of NS and
FLC molecules with their dipolar contributions.

2. Experimental Details

A commercially available ferroelectric liquid crystal (FLC)
16/100, purchased from Clariant Chemicals Co. Ltd., Ger-
many, was used as host material in the present study.
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The phase sequence of the FLC material is Cr, SmC∗, SmA,
N∗, and Iso at −20∘C, 72∘C, 82∘C, and 90∘–94∘C. For the
pure FLC 16/100, the standard values (as provided by the
manufacturer) of spontaneous polarization (𝑃

𝑠
), cone angle

(2𝜃), and rotational viscosity (𝛾
𝐺
) at 25∘Cwere −10.5 nC/cm2,

54.30∘, and 60m Pa.s, respectively.
The ZnO

1−𝑥
S
𝑥
nanospheres (NS) were added to the pure

FLC as a guest entity. A typical coprecipitation method was
used to synthesize the present NS (nanocrystals of spherical
shape) taking CH

3
OH as solvent. The prepared NS were

characterized by X-ray diffraction (XRD) and transmission
electronmicroscopy (TEM).Thediameter of the nanospheres
was found to be ∼10–15 nm. The detailed information about
the synthesis of the nanosphere (spherical shape nanoparti-
cle) and the effect of small concentration of the NS on FLC
parameters has already been published by Singh et al. [13].

Highly conducting (∼ 20Ω/◻) indium tin oxide (ITO)
coated glass plates were used to make sample cells. The
desired electrode pattern on the ITO substrates was achieved
using a photolithographic technique. The active electrode
area was 7mm × 7mm. The uniform thickness (6 𝜇m in our
case) of both the sample cells was maintained by means of
Mylar spacer. The planar alignment was obtained by coating
polymer (Nylon 6/6) on ITO glass plate and unidirectional
rubbing. The empty sample cells were calibrated using ana-
lytical reagent (AR) grade carbon tetrachloride (CCl

4
) and

benzene (C
6
H
6
).

The nanosphere-ferroelectric liquid crystal (NS-FLC)
composite system was prepared by the mixing of NS in
the 5%wt/wt ratio with pure FLC 16/100. To prepare the
composite system, an appropriate amount (in the weight
ratio, i.e., 5.0%) of nanospheres was mixed into the pure
FLC and then homogenized with an ultrasonic mixer at 90∘C
for one hour, and uniform dispersion of nanospheres was
ensured but the high concentration of NS aggregates in the
pure FLCmatrix which was clearly observed in the polarizing
optical microscope (POM) images.

The pure FLC and the NS-doped FLC were filled in the
sample cells at a temperature higher than the isotropic tem-
perature by means of capillary action and then cooled grad-
ually up to room temperature with the application of a small
a.c. electric field. The alignment of the samples was checked
by the polarizing microscope under the crossed polarizer-
analyzer arrangement.

The dielectric spectroscopy of the samples was per-
formed by a computer-controlled impedance/gain analyzer
(Solartron SL1260) attached with a temperature controller for
the frequency interval 100Hz–32MHz. The dielectric mea-
surements were carried out as a function of temperature by
placing the sample on a computer-controlled hot plate instec
(HCS 302). The temperature stability was better than ±0.1∘C.
The low- and high-frequency corrections were also made to
the experimental data.

The FTIR spectra of the pure and the NS-doped FLC was
recorded by the Fourier transform infrared spectrophotome-
ter (IR Affinity-1, SHIMADZU) between 1500 to 3000 cm−1.
The photoluminescence (PL) spectra of pure and NS-doped
FLC were recorded using Perkin Elmer LS 55 luminescence

spectrophotometer. During the PL measurement, all the
measuring parameters like slit width (4 nm in our case),
excitation step, and so forth, were same for the entire samples.
The two excitation wavelengths, that is, 290 and 315 nm, were
used to record the PL spectra of the pure and the NS-doped
FLC in the present investigation.

The spontaneous polarization (𝑃
𝑠
) measurement was

performed using a triangular wave method at a voltage of
20𝑉
𝑃-𝑃 and 10Hz frequency. 𝑃

𝑠
was determined by using the

following relation [14]:

𝑃
𝑠
=

1

2𝐴
∫ 𝑖 (𝑡) 𝑑𝑡, (1)

where ∫ 𝑖(𝑡)𝑑𝑡 is the area under the current bump and 𝐴

is the active area of the sample in sample holder. For the
measurement of response time (𝜏res), a square wave signal of
10Hz and 20𝑉

𝑃-𝑃 was used. The rotational viscosity (𝛾
𝐺
) of

the Goldstone mode in SmC∗ phase was calculated by the
relation

𝛾
𝐺
= 𝑃
𝑠
× 𝜏res × 𝐸 = 𝑃

𝑠
×
𝑡
10
− 𝑡
90

1.8
× 𝐸, (2)

where 𝐸 is the applied switching field and 𝑡
10

and 𝑡
90

are
the corresponding times for 10% and 90% of the maximum
level of response time while other symbols have their usual
meaning [15].

The dielectric relaxation phenomena of the pure and the
NS-doped FLC were analyzed using the Cole-Cole relation
[16]:

𝜀
∗
= 𝜀

(∞) +

𝛿𝜀

1 + (𝑖𝜔𝜏)
1−𝛼

, (3a)

where, 𝛿𝜀 is the relaxation strength and 𝜀

(∞) is the high-

frequency limit of the dielectric permittivity data, 𝜔 = 2𝜋𝑓,
where 𝑓 is the frequency, 𝜏 is the relaxation time, and 𝛼

is the distribution parameter. The experimental data suffers
low- and high-frequency deviations in dielectric data and
exceedingly require correction for low- and high-frequency
values. On separating the real and imaginary parts of (3a),
one may get

𝜀

= 𝜀

(𝑑𝑐) 𝑓

−𝑛
+ 𝜀

(∞)

+

𝛿𝜀 [1 + (2𝜋𝑓𝜏)
(1−𝛼) sin (𝛼𝜋/2)]

1 + (2𝜋𝑓𝜏)
2(1−𝛼)

+ 2(2𝜋𝑓𝜏)
(1−𝛼) sin (𝛼𝜋/2)

,

(3b)

𝜀

=

𝜎 (𝑑𝑐)

𝜀
0
2𝜋𝑓
𝑘

+
𝛿𝜀(2𝜋𝑓𝜏)

(1−𝛼) cos (𝛼𝜋/2)

1 + (2𝜋𝑓𝜏)
2(1−𝛼)

+ 2(2𝜋𝑓𝜏)
(1−𝛼) sin (𝛼𝜋/2)

+ 𝐴𝑓
𝑚
.

(3c)

Here, 𝜎(𝑑𝑐) is the 𝑑𝑐 ionic conductance, 𝜀
𝑜
is the free space

permittivity, and 𝑓 is the frequency while 𝑛, 𝑚, and 𝑘 are
the fitting parameters.The terms 𝜀𝚤(𝑑𝑐)𝑓−𝑛 and 𝜎(𝑑𝑐)/𝜀

𝑜
2𝜋𝑓
𝑘
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Figure 1: (a) The scanning electron microscopic (SEM) image of the ZnO
1−𝑥

S
𝑥
nanosphere (NS) which represents a small agglomeration of

the NS. (b) SEM image of the aggregation of NS.
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Figure 2: FTIR spectra of the (a) pure FLC and (b) NS-doped FLC material. The inset of Figure 2(b) shows the enlarged FTIR spectra of the
NS-doped FLC material between the interval of 1500–1700 cm−1.

are added in (3b) and (3c) for correcting the low-frequency
effect due to the electrode polarization capacitance and ionic
conductance. The 𝐴𝑓𝑚 term is added in (3c) for correcting
the high-frequency effect due to the ITO resistance and lead
inductance [9]. The other abbreviations are same as given
for (3a). The experimental data have been fitted in these
equations and corrected for low- and high-frequency values
[13].

3. Results and Discussions

Figures 1(a) and 1(b) represent the SEM image of the
ZnO
1−𝑥

S
𝑥
(NS) and aggregation of the NS, respectively. A

small agglomeration has been observed in the SEM image of
the NS which is the basic problem of most of the nanomate-
rial. Due to the agglomeration property of NS, it aggregates

in the FLC matrix as dispersed in high concentration. The
aggregation and topological defects are the main factors
which alter the physical properties of the pure FLC material.

Fourier transform infrared (FTIR) spectroscopy is a
powerful modern technique for the characterization of sam-
ples. This technique provides the information about the
concentration of the impurities, their bonding with the host
material, and different types of vibrations occurring in the
samples. The FTIR analysis, for the wave number intervals
of 1500–3000 cm−1, has been performed for the pure and the
NS-doped FLCmaterial in Figures 2(a) and 2(b), respectively.
The change in FTIR spectra for the NS-doped FLC system is
mainly due to the aggregation of the NS in FLC matrix. As,
NS behaves like the ionic additive to the FLCmatrix, the large
concentration of the NS (or aggregation of NS) reflects in the
FTIR spectra in the form of impurity.The inset of Figure 2(b)
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Figure 3: The photoluminescence (PL) spectra of the (a) pure FLC and the (b) NS-doped FLC at two different excitation wavelengths, that
is, 290 nm and 315 nm.

shows the enlarged image of FTIR spectra from 1500 to
1700 cm−1. The transmission peaks in this region show the
vibrations corresponding to impurity ions, that is, NS. The
change in percentage Transmission is due to the topological
defects and scattering of light from the aggregation of NS.
Therefore, the change in FTIR spectra clearly indicates the
presence of a guest entity in a large concentration in the FLC
matrix.

The PL spectra of the pure and the NS-doped FLC using
two different excitation wavelengths have been shown in
Figure 3. The PL spectra of the pure FLC show a broad
emission peak centred at 388 nm corresponding to violet
emission.The PLmeasurement was performed on two differ-
ent excitation wavelengths, that is, 290 nm and 315 nm. The
change in the excitation wavelength only alters the intensity
of emission peak, but it does not cause any shifting in the
emission peak. Due to the addition of NS, the PL of the
pure FLC materials has been enhanced. This enhancement
in the PL spectra of the pure FLC materials is attributed to
the coupling of localized surface plasmon resonance fromNS
with FLCmolecules [17]. In addition to this, someother feeble
PL emission peaks centred at 409, 432, and 460 nm have
also been observed. These emission peaks lie in the spectral
region due to the self-activated PL centres.These centres have
often been attributed to the crystal vacancies. Thus, feeble PL
emission peaks centred at 409, 432, and 460 nm arise from
the crystal line incorporation of trace amount of Zn2+ in the
crystal lattice creating the oxygen and sulphur deficiency [18].
The nonsmoothening of the PL spectra also suggests the size
distribution of theNS in FLCmatrix.The change in excitation
wavelength does not produce any change in the magnitude
of the PL emission peak of the NS-doped FLC system. This
shows that the aggregation of the NS in the pure FLC matrix

due to large amount of NS dominate over the intras FLC
interactions.

With the help of triangular wave electrical response curve
(also known as polarization reversal current method), the
spontaneous polarization of the pure and the NS-doped
FLC has been calculated. The behaviour of spontaneous
polarization (𝑃

𝑠
) with the change in temperature is shown

in Figure 4(a). The value of 𝑃
𝑠
decreases with increasing

temperature for both the pure and the doped FLC, but the 𝑃
𝑠

value for the NS doped FLC system is higher than that of the
pure FLC. When a high concentration of the NS is dispersed
in the FLC material, it causes an aggregation of the NS. The
NS behaves like an ionic additive in the FLC system. At the
place of aggregation, these ionic charges accumulate and form
a local internal electric field. This local internal electric field
increases the separation between polarization charges on the
LC molecules which results in the increased dipole moment
of the doped system. The increased dipole moments result
the increased spontaneous polarization of the NS-doped FLC
system [19].

The response time (𝜏res) of the pure and the doped FLC
system is plotted against the temperature scale in Figure 4(b).
The response time of the pure and the doped systemdecreases
with increasing temperature. The response for the doped
system is slower as compared to the pure FLC due to
the presence of high concentration of NS. The presence of
high quantity of NS creates additional constraints in the
molecular motion of the FLC molecules under the influence
of applied field. These constraints reduce the energy of the
doped FLC system; therefore, FLC molecules do not respond
quickly with the applied field as compared to the pure FLC
molecules which results in a slower response for the NS-
FLC system. No noticeable shift in the SmC∗-SmA phase
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Figure 4: The variation of (a) spontaneous polarization and (b) response time on the temperature scale for the pure and the NS-doped FLC
samples.
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Figure 5: The change in rotational viscosity with the variation of
temperature for the pure and the NS-doped FLC whereas the inset
of figure shows the paradigm of the warping of the smectic layers
due to the presence of aggregation of NS.

transition temperature has been observed for the NS-FLC
system.

The rotational viscosity with the variation of temperature
is shown in Figure 5. Almost linear decrement in the value of
rotational viscosity on increasing the temperature has been
observed for both the pure and the doped systems. But the
value of rotational viscosity for the NS-doped FLC system
is greater than that of the pure FLC system. As rotational

viscosity (𝛾 = 𝑃
𝑠
⋅ 𝜏res ⋅ 𝐸) is the product of spontaneous

polarization, response time, and effective electric field applied
on the sample cell, therefore due to increase in the sponta-
neous polarization and response time, the rotational viscosity
also increases as compared to the pure FLC material. As
discussed previously, the NS aggregates in the FLC matrix
and forms a local internal electric field near the aggregation.
This field influences the smectic layer ordering which alters
the smectic layer spacing as shown in the inset of Figure 5.
This combined effect of disordering in smectic layers and
aggregation produces the topological defects in FLC matrix.
These two factors affect the rotational motion of FLC
molecules which results in the enhanced rotational viscosity
of the doped FLC system. The alteration in the smectic layer
separation due to spherical gold nanoparticle has already
been reported by Pratibha et al. [20].

In the molecular motion of the composite system, four
types of interactions take place, namely,

(i) FLC molecule-molecule interaction;
(ii) FLC molecule-NS interaction;
(iii) NS-NS interaction;
(iv) FLC molecule-alignment layer interaction.

In the presence of any guest entity (nanoparticles, CNTs,
dyes, polymers, etc.), the interaction of FLC molecules with
that of the guest material (NS in our case) takes place. The
probability of weak or strong NS-NS interaction depends
upon the concentration of NS in the composite system. In
the present work, 5%wt/wt concentration ofNS causes strong
NS-NS interactions in the composite system.This strong NS-
NS interaction causes the aggregation of NS in FLC matrix.
One should notice that the size of the nanomaterial also



6 Advances in Condensed Matter Physics

100𝜇m

P

A

(a)

100𝜇m

P

A

45∘

(b)

100𝜇m

P

A

(c)

100𝜇m

P

A

45∘

(d)

Figure 6: Polarizing optical microscopic (POM) texture in dark state (a) pure FLC, (c) NS-doped FLC, bright state (b) pure FLC, and (d) NS-
doped FLC.The dark state was achieved under the crossed polarizer-analyzer condition whereas the bright state was achieved by rotating the
sample cell by 45∘ from the initial condition. The aggregation of NS has been shown in the circle and topological defects are shown between
two dotted parallel lines. Chevron or zig-zag defects are shown in Figure 6(a) in V-shaped dotted lines.

plays a crucial role in determining the properties of the
composite systems [21]. The bigger size of NS and strong NS-
NS interaction are mainly responsible for the modifications
in the properties of the pure FLC. From the application point
of view, FLC-NS interaction in the composite is accountable
depending on the nature, characteristics, size, shape, and
quantity of NS.

Mainly, three types of events exist in theNS-FLC compos-
ite system; that is, the presence of NS wraps the smectic layers
around it, NS produces hindrance in the motion of the FLC
molecule, and NS strongly interacts with the FLC molecules.
The presence of NS warps the smectic layers and alters the
spacing between them.These warped smectic layers radically
alter the neighbouring smectic layers. In the cone motion of
the FLCmolecules, the factor 𝑑𝜑/𝑑𝑡 in viscous torque (−Γ

𝑧
=

𝛾(𝑑𝜑/𝑑𝑡), where Γ
𝑧
is the 𝑧 component of viscous torque and

𝜑 is the phase angle) is redistributed because of thewarping of
the smectic layers.This results in a higher rotational viscosity
for the NS-doped FLC system.

The polarizing opticalmicroscopic (POM) images in dark
and bright states have been shown in Figure 6. Figures 6(a)

and 6(b) represent the POM images of the pure FLC in dark
and bright states, respectively, whereas Figures 6(c) and 6(d)
represent the NS-doped FLC in the dark and bright states.
The dark state POM image corresponds to undercrossed
polarizer-analyzer condition whereas the bright state was
achieved by rotating the sample cell by 45∘ from the initial
condition. The high concentration of NS causes aggrega-
tion and defects in the FLC medium which is clear from
Figure 6(c). Due to this aggregation of NS, the molecular
ordering of the FLC molecules also impairs. The increase in
the relaxation strength of the NS-doped FLC is compatible
with the present result. The study of the relaxation strength
will be discussed later in the paper. The high doping of the
NS in the pure FLC also reduces the anchoring of the FLC
sample which is also verified by the optical textures. The
occurrence of the intense chevron geometry can be seen in
the case of the pure FLC (Figures 6(a) and 6(b)) whereas
in the doped FLC system, the chevron geometry was not
well observed. The presence of high concentration of the NS
causes other topological defects in the FLC matrix causing
the scattering of transmitted light through NS which lowers
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the contrast of the NS-doped FLC system. From application
point of view, the controlled addition of nanomaterial in
liquid crystal enhances the contrast of the LC material;
therefore, the determination of the suitable concentration of
any nanomaterial in host LC is vital factor.

The change in response time can also be understood by
this observation. For weak anchoring, the relation can be
given as [22]

𝜏Res =
4𝜂𝑑

𝑊𝜋
2
, (4)

where 𝑑 is the cell thickness and 𝑊 is the anchoring energy
coefficient.The lower anchoring energy coefficient of the NS-
doped FLC results in a higher response time.

The temperature dependence of the dielectric permittiv-
ity at 100Hz for both the pure and the NS-doped FLC is
depicted in Figure 7. The dielectric permittivity of the pure
FLC increases slightly with increase in the temperature. The
maximum value of dielectric permittivity for the pure FLC
has been noticed at 45∘C. Further increment in temperature
causes a small decrease in the dielectric permittivity. A
sharp decrement in the value of dielectric permittivity has
been observed at the vicinity of SmC∗-SmA phase transition
temperature.This sharp decrease in the dielectric permittivity
is due to the change in geometry at the SmC∗-SmA phase
transition temperature. The dielectric permittivity measure-
ment for the NS-doped FLC shows an increased value of
this parameter as compared to the pure FLC. This increase
in the value of dielectric permittivity is due to the increased
polarization (i.e., net dipole moment) of the NS-FLC system
[23]. The variation of dielectric permittivity on temperature
scale for the NS-doped FLC is not similar to that of the
pure FLC. For the NS doped FLC system, the value of
dielectric permittivity increases almost linearly with increase
in the temperature for the temperature interval of 30∘C–55∘C.
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Figure 8: The variation of the relaxation strength with change in
temperature for the pure and the NS-doped FLC.

Beyond this temperature interval, the dielectric permittivity
shows a reducing trend on the temperature scale due to the
change in geometry of the LC phase.

The relaxation strength (Δ𝜀) is plotted against the tem-
perature in Figure 8. The relaxation strength for both the
pure and the NS-doped FLC increases with increase in the
temperature. The relaxation strength shows its maximum
value near the temperature 55∘C, and further increment in
temperature causes a decrease in the value of Δ𝜀 because FLC
sample approaches from SmC∗ to SmA phase.The relaxation
strength for the doped FLC system is greater than that of the
pure FLC. This greater value of Δ𝜀 for the doped system can
be explained by the following relation [24]:

Δ𝜀 =
1

2𝐾𝜀
0

⋅
𝑃
2

𝑠

𝑞
2
𝜃
2
, (5)

where Δ𝜀 is the relaxation strength, 𝑃
𝑠
the spontaneous

polarization, 𝜃 the tilt angle, 𝑞 the wave vector of helix, and𝐾
is the elastic constant. The quantity 𝑃

𝑠
/𝜃 is a constant in the

first approximation and the variation of𝐾with temperature is
also very small; therefore, the variation of relaxation strength
mainly depends upon the wave vector of helix (𝑞). The wave
vector of helix (𝑞 = 2𝜋/𝑝, where 𝑝 is pitch) is decreased; thus,
𝑝 increases due to aggregation of NS and defects formation in
the FLC matrix.

A nonlinear increase in relaxation frequency (𝑓
𝑅
) has

been shown in Figure 9. In the whole SmC∗ phase, relaxation
frequency increases nonlinearly with increasing temperature
and attains its maximum value at SmC∗-SmA phase tran-
sition temperature. Further increment in the temperature
causes a sharp decrease in the relaxation frequency value
due to change in phase geometry and the removal of helical
structure of the FLC molecules. The value of relaxation
frequency for the doped FLC system is less as compared to
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Figure 9: The variation of the relaxation frequency with change in
temperature for the pure and the NS-doped FLC while the inset of
figure shows the variation of the distribution parameter with change
in temperature.

the pure FLC system. This behaviour of 𝑓
𝑅
can be explained

by the relation [25]

𝑓
𝑅
=
𝐾𝑞
2

2𝜋𝛾
, (6)

where 𝛾 is the rotational viscosity and other symbols have
their usual meaning.

The above relation shows that relaxation frequency is
inversely proportional to the rotational viscosity. As the
rotational viscosity has greater value for the doped system,
a reduced value of the relaxation frequency is found for it.
In addition to this, the relaxation frequency also depends
upon the wave vector of helix. It is assumed that the wave
vector of helix has also decreased due to the presence of NS
which results in the decrease in relaxation frequency. The
reduction in the relaxation frequency has also verified by the
distribution parameter (𝛼) shown in the inset of Figure 9.The
value of 𝛼 is higher for the NS-doped FLC sample; therefore,
the relaxation frequency of the NS-doped FLC get reduced.
Thedistribution parameter of the pure FLC is almost constant
for the first four consecutive observations on temperature
scale (i.e. 30∘C to 45∘C). Beyond these observations, distri-
bution parameter increases with increase in the temperature.
For the NS doped FLC system, distribution parameter also
increases with increase in the temperature. In both cases, the
small value of distribution parameter (0.01–0.07) indicates
that Goldstone mode predominates over the soft mode in
the SmC∗ phase [26], and the doped FLC system completely
follows the Cole-Cole-type relaxation process.

Figure 10 represents the change in electrical conductivity
[27] with the variation of temperature at 133Hz for both
the pure and the NS-doped FLC. For the pure FLC system,
the electrical conductivity is almost temperature independent
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Figure 10: The change in the electrical conductivity with the
variation of temperature for the pure and the NS-doped FLC.

whereas it strongly depends on temperature for the NS-
doped FLC system. Electrical conductivity sharply increases
with increase in the temperature and shows its maximum
value at 50∘C. Further increment in the temperature causes
a reduction in the electrical conductivity. As NS behaves
like the ionic additives to the FLC materials, it increases
the electrical conductivity in the doped FLC system. In
the temperature range of 35∘C–50∘C, the conductivity is
mainly driven by the semiconducting nature of the NS,
and conductivity increases with increase in the temperature.
Beyond 50∘C, the FLC molecules get sufficient energy and
move with more kinetic energy which increases the number
of collisions of FLC molecules with NS. Thus, the resistive
forces increase in the NS-FLC system which results in the
decrement in the conductivity.

4. Conclusions

The salient features of the present investigation can be
concluded as follows: the addition of nanospheres (NS) in the
pure FLCmaterial changes the dielectric and E-O parameters
of the pure FLC. The bigger size of NS occupies greater
volume as compared to the FLC molecule; therefore, they
produce hindrance in the motion of the FLC molecules and
wrap the smectic layer. The high quantity of NS produces
strong NS-NS interaction (which causes the aggregation of
NS in the FLC matrix) which dominates other interactions
taking place in the composite system. The presence of high
concentration of NS was confirmed by the FTIR analysis.The
change in FTIR spectra clearly indicates the presence of a
guest entity. The change in percentage transmission in the
NS-doped FLC system is due to the topological defects and
scattering of the light from the aggregation of NS in FLC
matrix. The enhanced PL in case of the NS-doped FLC has
been attributed to the surface Plasmon resonance between the
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NS and FLC molecules. Some other secondary PL emission
peak has also been noticed due to the result of the oxygen and
sulphur vacancies in the crystal structure. The aggregation
of NS supports the FLC molecular dipole moment which
increases the net ferroelectricity (or net dipole moment) in
the composite. The increased ferroelectricity increases the
value of spontaneous polarization and dielectric permittivity.
The variation of relaxation strength and relaxation frequency
depends upon the wave vector of helix and rotational viscos-
ity. The distribution parameter strongly recommends for the
existence of Cole-Cole relaxation phenomena in the compos-
ite system. The topological defects, produced by NS, create
a slower response for the composite system, but its order is
still important in case of constant rate video processing. High
dopant concentration of the NS (i.e., 5%) in FLC plays a role
as ionic additive which results in a higher conductivity for the
NS-doped FLC system. The better electrical response in the
NS doped FLC system indicates its applicability in electronic
device fabrication. The intense chevron geometry in case
of the pure FLC has not been observed in the NS-doped
FLC system, but the high concentration of NS produces the
topological defects in the composite system.
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