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ABSTRACT

The dispersion of the nanoparticles to pure nematic liquid crystal (NLC) improves the liquid crystal
(LC) host’s physical characteristics. Dispersion of nanomaterials has an impact on LC molecules
cause of local molecular configurations. The present work involve the dispersion of silver
nanoparticles (Ag-NPs) in positive dielectric anisotropic nematic liquid crystal 4'-n-Heptyl-4-
cyanobiphenyl (7CB) at different concentrations of 0.2, 0.4, 0.6 and 0.8 weight percent. The
dielectric spectra recorded for planar (homogeneous) and vertical (homeotropic) aligned samples in
frequency range 100Hz-10MHz of pure and silver nano-particle (Ag-NPs) dispersed NLC. The
dielectric strength (Ag) and relaxation frequency (f;) are also calculated. The relaxation frequency of
planer aligned sample found 700kHz, 853kHz, 1MHz, 1.03MHz and 722kHz for pure, 0.2, 0.4, 06,
and 0.08wt% respectively. Similar behavior is also observed for homeotropic samples also.
Keyword: Nematic liquid crystal, dielectric strength, relaxation frequency, dielectric permittivity

1. Introduction

Liquid crystals (LCs) are a special class of soft condensed matter in which the molecules maintain a
delicate balance of order and fluidity. They exhibit a number of exceptional properties that are not
only fascinating from a basic science standpoint, but also have enormous potential for a variety of
novel applications[1-3].The simplest of all LC phases is Nematic liquid crystal (NLC), which is
widely used in liquid crystal displays (LCDs) and a variety of nondisplay applications. LCD requires
technological advancements such as low power consumption, faster response time, and a wider
viewing angle. In recent years, there has been a strong emphasis on tailoring the properties of liquid
crystals by dispersing suitable nonmesogenic materials (dyes, polymers, nanoparticles, carbon
nanotubes, quantum dot, etc) into the host LCs[4-7].

Promising materials for the display and sensor industries, fast electro-optical switchers and shutters,
memory cells, tunable filters, nonlinear optical valves for optical processing systems, etc., are liquid
crystals containing dispersed NPs of different sizes and shapes[8,9]. With the appropriate
technologies, it is anticipated that coupling the anisotropic elasticity of LCs to the optical, conductive
characteristics of NPs will provide an extra advantage[10]. Controlling the NPs interact with LC
molecules is therefore essential in order to customize the macroscopic characteristics overall for
particular uses. Due to their exploitable optical properties, metal NPs are widely used. Because of
their conductivity, chemical stability, strong calorimetric effect at the nanoscale range and medical
applications, silver (Ag) nanoparticles are among the most well-known and frequently used metal
NPs [11-13]. The phase transitions, molecular alignment and other LC parameters were considerably
altered when silver nanoparticles were added to a pure ferroelectric liquid crystal [14]. According to
Singh et al., a small amount of Ag-NPs dispersed at the room-temperature in NLC raised the
threshold voltage and lowered the nematic—isotropic transition temperature [15]. The silver
nanoparticle doped liquid crystal at low concentrations lead to a decrease in anisotropy as well as the
threshold voltage [16]. Mishra et al. reported decrease in dielectric anisotropy by doping of gold
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nanoparticles[17]. The present work is focused on the experimental results of an impact of dispersion
of Ag-NPs in various concentrations (0.2, 0.4, 0.6, and 0.8 wt%) with host nematic NLCs 7CB will
affect the dielectric permittivity(e'), dielectric loss(g") and dielectric strength (Ag).

2. Experimental

2.1 Materials and Sample preparations

The room temperature nematic liquid crystal material (7CB) with a purity 98%,used in this
investigation was procured from Sigma-Aldrich, USA; the molecular mass and chemical formula are
Mn = 277.4 g/mol and C7H1s - CgHs - CsHs - CN  respectively. A rod-like shaped with a length of
18.7A and molecular structure of 7CB NLC is given below.

Figure: 1. Molecular structure of 7CB NLCs
The Ag-NPs with 99.9% purity were procured from NANOSHEL, USA with average particles size
30-50 nm. The NLC- nanoparticle composites were prepared by adding 0.2, 0.4, 0.6 and 0.8wt% of
Ag-NPs into the NLC. Semi microbalance of WENSAR (MAB 250) was used for the weighing of
the samples. Ag-NPs doped NLC was ultrasonicated in the isotropic phase of LC for 120 minutes
using multifunctional ultrasonic cleaner (Athena tech) to achieve uniform dispersion
2.2 Instrument and Measurement techniques of material parameter
For dielectric measurement, N4L impedance analyzer (PSM3750) with 1AI2 interface was used in
the frequency range 100Hz to 10 MHz controlled by PSCOM2.V1 software. The sample temperature
was controlled by using hot stage INSTEC HCS-302 connected with temperature controller mK2000
interfaced with INSTEC app software. To calculate the dielectric parameters (permittivity and loss)
of the sample materials from measured impedance data it was mandatory for calibration of the cell
and find out the active cell capacitance of the vacant cell. The capacitance of the vacant cell is
Cair :CA +CD (1)
Where, Ca denotes the active and Cp is dead capacitance of the cell. The standard non-polar liquid
(cyclohexane in this case) is filling into the cell for measurement of the active capacitance (Ca). The
cyclohexane-filled cell’s capacitance is :
Con =Chréan +Cp (2)

Here, &'(ch) is the relative dielectric permittivity of media (i.e., cyclohexane) at measured
temperature.

From equation (1) and (2) gives out-

C,,—C..]
C — [ ch air 3
g [géh _1] ®
The dielectric permittivity (¢') and dielectric loss (¢'") was determined by the equations;
oo {_(Cm - Cair)} i1 @
CA

Since the cell (purchased from Instec) has etched sides and a well defined area so dead capacitance
may not be as significant and, as a result:

Ca (5)
where, Cn is the material filled capacitance of the cell. The dielectric absorption (loss) of the
material filled cell is calculated with the help of equation of (5) and measured parameter from
impedance analyzer (LCR meter):
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g'= =g'tané
27fRC, (6)

where, f is the frequency, R is the resistance of the material filled cell and Co is the free space
capacitance of the active cell.

3. Results and discussion
Dielectric spectral analysis is an essential tool for understanding the molecular structure and
dynamics of the molecules. It deals with the molecular mechanism response, which has a strong
connection to the material’s macroscopic polarization. The impedance spectroscopy of pure NLC
and Ag-NPs dispersed NLC was carried out in a frequency range of 100Hz to 10 MHz using an N4L
impedance analyzer. At low frequencies (< 100 Hz) and very high frequencies (>10 MHz) data
obtained from the impedance analyzer suffers from some scarceness. To remove this scarceness, we
fitted the data by using low frequency correction (LFC) for measured data. The frequency range from
100Hz to 10MHz endures minimum for NLCs. To analyze the observed data with theoretical
concept, a generalized Cole-Cole equation was used for the fitting of dielectric graph[15,18,19].

* ' HN ] ' (55,) Ai : O_ion H m
& _g(f) Jg (f)_g(oo)_f—zl_i_j(f/fr)(l,h)+fn JZﬂfk&‘O JAQf (7)
From equation (7), measured complex permittivity (¢*) have components as real (¢') and imaginary
(¢'") part can be written as

(Y Sefl+ (f/1,)“Psin(hz/2)} A 8
) = &) ) 2 21 1,) P sinha 1)) T ©
(6 :Z Se(f/1,)4M cos(hr/2) 4+ T Af" 9)

T+ (F/F,)20M 4 2(F /) Vsin(hz/2) 24 ¥,
where, 6c = €'(0) — €'(»), f,and h are the dielectric strength, the relaxation frequency and the
distribution parameter (0< h < 1), respectively. The dielectric permittivity &'(0) and &'()
represent the relative dielectric permittivity at low and high frequency limits respectively. In
equation (7) and (8), the third term shows the contribution of the electrode polarization of

capacitance at low frequency value[20] where, A and n are the fitting parameters. The term %
0

accounts for the contribution owing to ionic conductivity (o;,,), With k as a fitting parameter and its
value generally one for dc conductivity, and &,(=8.85pFm™) is the permittivity of free space.
Equation (9) with A> and m serving as fitting constants as long as the correction term is small, adds
an imaginary term (A,f™) to partially account for the high frequency parasitic effects caused by
ITO sheet resistance and lead inductance.

The measured permittivity (¢) and loss (") data have been fitted using software (Origin pro8.5)
separately using equation (8) and (9) to examine the relaxation mode and find the associated
parameters. The various constants of equation (8) and (9) are determined through fitting of curve at
high and low frequency parasitic correction terms are thus evaluated. Actual (corrected) dielectric
spectra for the material are obtained by the subtracting the parasitic effects. Fig. 2 shows the
variations of the dielectric permittivity and loss for the 0.2 wt% Ag-NPs at temperature 35 °C for the
planar aligned sample with correction terms obtained by fitting it to generalized Cole-Cole equation
[19,21].
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Figure: 2 Variations of dielectric permittivity and dielectric loss with frequency for 0.2 wt% Ag-NPs
dispersed in 7CB NLCs at temperature 35 °C in vertical aligned sample (a) Dielectric permittivity
(¢') and (b) Dielectric loss (&"))) . The solid line with experimental data in (a) and (b) is best fit of
Cole —Cole equation: low frequencies corrections term (LFC) and corrected data are shown in same
figure to visualize the quality of fitting.

Fig.3 (a) shows the variations of transverse components (normal to the long axes of the molecules) of
dielectric permittivity (¢'L) with frequency for the pure and Ag-NPs (0.2, 0.4, 0.6, and 0.8 wt%
concentrations) dispersed in a 7CB liquid crystal for Planar-aligned cell at 35 °C. In Fig.3 (b), at
temperature 35° C, similar inclination of the variation of permittivity (¢1) with frequency has been
observed for vertical aligned sample. The maximum value of permittivity is observed for 0.2 wt%
composite. The composites with higher dopant concentration, the permittivity is observed to decrease
for higher concentrations. At the mid frequency region (1 kHz- 100 kHz) in Fig.3(b), the values of
permittivity for 0.2 to 0.6 wt% Ag-NPs in the host material are higher than that of pure NLC whereas
dispersed with 0.8 wt% Ag-NPs are slightly less than that of pure 7CB NLCs.
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Figure 3: Variations of dielectric permittivity (transverse component €'1 and parallel component €")
with frequency in (a) Planar and (b) Homeotropic alignment of pure and Ag-NPs doped 7CB LC at
35°C.

From Fig.3, it is clear that the curves in the mid-frequency region (1 kHz to 100 kHz), are almost
parallel to the y-axis, i.e., permittivity remains unchanged for all composites. The value of
permittivity (¢1) less than 1 KHz is affected by ionic effect[22] whereas the frequency region in
MHz, high- frequency parasitic effect dominates[23]. lonic effect[22] increases with the
concentration of NPs up to 0.6wt%. Agglomeration starts due higher concentration of NPs so the
permittivity decreases. It is important to add that the measured dielectric data are affected by the
parasitic effects[24] at low and high frequencies hence to remove them from data fitted with
generalized Cole-Cole equations. From Fig.3, it is clear that the magnitude of parallel component of
dielectric permittivity is greater than vertical component confirming the positive dielectric anisotropy
in both 7CB and its composites.

Fig. 4 (a) and (b) shows the variation of dielectric loss as a function of frequency for pristine and Ag-
NPs doped in 7CB liquid crystal of planar aligned and vertical aligned sample at 35°C.
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Figure 4: Variations of dielectric loss with frequency for pure and Ag-NPs dispersed in 7CB liquid
(a) transverse component (¢"1) and (b) longitudinal component (). at 35°C.

The imaginary part of perpendicular and parallel dielectric constants indicates a dielectric relaxation
peak [25]. Fig. 4 (a) shows a relaxation mechanism between 100 kHz to 1MHz frequency region in
the case of planar-aligned molecules. Above 10 MHz, any relaxation mechanism resulting from
molecules rotating around their short axes (planar-aligned molecules) take place. Actually, the cell’s
parasitic effect essentially causes the observed pseudo-relaxation mechanism [23,26]. It is dependent
upon the cell’s electrode resistance, lead inductance and capacitance all working together [23]. In
the Fig 4(a), the relaxation frequency (fr) for pure 7CB LCs was found to be 700kHz. Moreover, the
relaxation frequencies for other concentrations i.e. 0.2, 0.4, and 0.6 wt% Ag-NPs were found 853
kHz, 1MHz and 1.03 MHz respectively. Clearly, the relaxation frequency increases from pure to
0.6wt% and hence, the relaxation time decreased for dispersed system. For 0.8wt% it is decreased.
The relaxation frequency fr for 7CB LCs was found to be 123 kHz in vertical aligned sample cell
shown in Fig.4 (b). In addition, it was found to be 170 kHz for 0.2 and 0.6 wt% Ag-NPS dispersed
system and 145 kHz for 0.4 and 0.8 wt% of Ag-NPs system. It indicates that relaxation frequency of
dispersed system was shifted towards the high frequency region. The molecules ability to rotate is
also hindered by Ag-NPs. Thus, compared with pure sample, the relaxation frequency is increased.
On the other hands, the size and concentration of the NPs had a significant impact on the
reorientation of the LC molecules. Additionally, it is dependent on the applied AC field [27,28]. In
Fig 4(a), it has been observed here that in lower frequency region, the dielectric loss gets almost
same for pristine and 0.2 wt % doped LCs and increases for other concentration (0.4, 0.6, and 0.8
wit%) Ag-NPs dispersed LCs. In Fig. 4(b), for vertical aligned cell, the dielectric loss for Ag-NPs
dispersed LCs was increased from the pure 7CB LC. The maximum value of dielectric loss occurs in
both Planar and vertically aligned sample at the lower frequency region (30 kHz to 100 Hz) due to
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effect of ionic charges [22]. At the frequency region 10 kHz to 100 kHz, the dielectric losses were
found to be minimum value for a pure 7CB and Ag-NPs dispersed system.

A Cole-Cole plot between dielectric permittivity and loss after low frequency correction for pure and
different concentrations is shown in Fig. 5 (a) and (b). All the curves shows the almost semi-circle
suggested the relaxation mechanism of the Debye processes [19,24]. From figure 5, it shows the
relaxation frequency for pure 7CB is 0.7 MHz and it was increased for the concentrations of 0.2, 0,4,
and 0,6 wt% of Ag-NPs dispersed in 7CB. For concentration of 0.8 wt% of Ag-NPs, relaxation
frequency was decreased from other concentration but it is also greater for pure 7CB. This is due to
the increase in availability of the volume for molecular motion because of the presence of spherical
Ag-NPs[15,27]
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Figure 5: The Cole-Cole plots of observed relaxation mode in planar aligned sample for pure 7CB
and Ag-NPs for concentrations 0f 0.2, 0.4, 0.6 and 0.8 wt% at temperature 35°C.
Fig. 6 and 7 shows the variations of the dielectric strength and the relaxation frequency between wt
% Ag-NPs concentrations in host nematic LCs at fixed temperature 35°C. From fig.6, it is clear that
the dielectric strength of the 0.8 wt% Ag-NPs dispersed LC is lower in comparison of the other
concentrations.

3.80

3.75 1
; n \

At35°C

DIelectric strengtn (Ae)

U1 U1 o o) ~
=) a1 S a1 =)
1 1 1 1 1

0.0 02 04 06 0.8
Concentration of Ag-NPs ( % wt/wt)
Figure 6: Variations of the dielectric strength with the concentration of the pure And Ag-NPs

dispersed LC at the temperature 35 °C.
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Relaxation frequency is the essential parameter for the display devices which is related with inverse
of the relaxation time (t0), Which measures the time limit required to reoriention of the molecules.
Higher relaxation frequency of the doped LC increases from the pure LC. The relaxation time was
decreased for the Ag-NPs doped LCs.
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Figure 7: Variations of the relaxation frequency with the concentration of the Ag-NPs dispersed
LCs.

4. Conclusion:

From the above mentioned results and discussion, it is conclude that due to the dispersion of Ag-
NPs, the dielectric permittivity for the Ag-NPs dispersed LC (0.2. 0.4, and 0.6 wt%) was improved
from the pure 7CB LCs where as for the concentration of the 0.8 wt% Ag-NPs dispersed LC it was
decreased due to the agglomerations of the Ag-NPs molecule surrounding with LC molecules. The
dielectric strength for the concentration 0.2 wt% and 0.8% was decreased from the pure 7CB LCs.
The relaxation frequency for Ag-NPs doped LC was increased from the pure 7CB LC shows the
relaxation time was decreased which is improvement of the display parameters.
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