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Mesogenic 4-pentyl-4"-cyanobiphenyl (5CB) is a commonly used dielectric material for display devices
and liquid crystal biosensors. A small concentration of ZnO nanoparticles was dispersed in 5CB nematic lig-
uid crystals by the chemical precipitation method. The phase changes, phase retardation, and transition tem-
perature of the prepared samples were studied by polarizing optical microscopy (POM) and differential scanning
calorimetry analysis. The dielectric properties were measured by dielectric spectroscopy, which was performed
within the frequency range from 1 Hz to 10 MHz. A novel phase was identified and confirmed by the dielectric pa-
rameters in dispersed ZnO 5CB (N5CB). Specifically, the temperature dependence of relaxation times was esti-
mated for both the samples, which strengthen the POM studies and the influence of nanoparticles on the lattice ar-
rangement. The temperature dependence and the dispersion effect of ZnO nanoparticles on the dielectric
constant and dielectric losses were also studied. The sensitivity of mesogenic phases to external forces was
confirmed through the present work. From all these results, it has been concluded that N5CB finds potential ap-
plication in the preparation of fast switching devices.

Keywords: liquid crystals, ZnO nanoparticles, polarizing optical microscopy, dielectric permittivity,
dielectric constant, relaxation time.
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B nemamuueckue ocuoxue kpucmaiivl 4-newmun-4'-yuanobugenuna (5CB) memooom xumuueckozo
ocaxcoenust oucnepeuposatvl Hanovyacmuyvi ZnO nebonvuou xonyenmpayuu. Dazosvie npespawenus, ga-
3060€ 3amednenue U memnepamypa nepexood oopasyo8 Ucciedo8aHbl Memooamy NOIAPUSAYUOHHOU ONmu-
yecKou MUKpOCKonuu u ouggpepenyuanvroli ckanupyrowel karopumempuu. [usnexmpuieckue ceolicmsea
onpeoenenbl Memooom OudieKmpu4eckol cnekmpockonuu 6 ouanasone wacmom 1 I'y—10 MIy. Hosas ¢hasza
UOeHMUDPUYUPOBAHA U NOOMBEPHCOCHA OUIIEKIMPULeCKUMU napamempamu 8 oucnepauposarnrom ZnO 5CB
(N5CB). Oyenenvt memnepamyphas 3d8UCUMOCHb 8PEMEHU penakcayuy 01s. 00pasyos u GuusHue HAHoYd-
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Cmuy Ha pacnonoxcerue peuiemku. Mcciedosanvl memnepamyphas 3a6UCUMOCHb U 8IuUAHUe OUCNEPCUU HA-
rHouacmuy ZnQO Ha OudIeKMpPU4ecKyr) NpOHUYAeMoCms U OUIIeKmpuyecKue nomepu. Ycmanosnena uys-
CMBUMENLHOCHb Me302eHHbIX (a3 Kk eHewHum gozoeticmeusm. Coenan 8bi600 0 NePCHeKMUBAx NPUMEHEHUs.
N5CB npu uzeomosnenuu 6bicmpooeicmeyiouux KOMMymayuoHHbIX YCMpoLcms.

Knroueeswvie cnosa: sxcuoxuil kpucmann, Hanouacmuya ZnO, nOIAPU3AYUOHHAS ONMUYECKAS MUKPOCKO-
nusl, OUIIEKMPU1eCKasi NPOHUYAEMOCb, OUIIEKMPUYECKAsL ROCMOSIHHASL, 8PEeMsl PerlaKcayuu.

Introduction. In the current world, highly effective energy storage devices have attracted much atten-
tion [1-7]. The technology of energy storage includes fuel cells, Li-ion batteries, molten salt, flywheel,
pumped hydro-storage, super capacitor, etc. All these devices require varieties of materials to store the ener-
gy in various forms. Our previous studies revealed that liquid crystals are one of the materials suitable for
energy storage [8, 9]. To check the compatibility of the material for energy storage, a knowledge of dielec-
tric parameters is required. Mesogenic 4-pentyl-4'-cyanobiphenyl (5CB) is the commonly used dielectric mate-
rial for display devices and liquid crystal biosensors. It exists in the nematic phase at room temperature and
is liquefied at 35°C. Nematogen is the common name for nematic liquid crystalline materials. Changing
properties of SCB in the presence of foreign elements, even at low concentrations, attract the interest of re-
searchers. Biomolecules and nanoparticles play a major role in achieving and enhancing the desired proper-
ties for the application of SCB. Analyzing the novel behavior of doped mesogens requires various techniques,
including dielectric studies.

Semiconducting nanoparticles such as ZnO nanoparticles in liquid crystal (LC) mixtures have been em-
ployed as dopants in condensed optical materials intended for novel optoelectronic devices. It is well known
that dielectric studies of LC materials possess a valuable source of information on their molecular arrange-
ment and intermolecular interactions, in both mesomorphic and isotropic phases. So, most of the researchers
in this field investigate the dielectric properties of LC materials, both experimentally and theoretically [10, 11].
The analysis of dielectric data certainly informs the researcher about the application of the LC material in the
presence of the electric field, which is vital for storage devices, light modulators, and display devices. ZnO
nanoparticles have different device applications such as light detectors, LEDs, photo sensors, solar cells,
etc. [12]. By adding ZnO nanoparticles to liquid crystals, their textures, temperature, phase transition and
electro-optical parameters will be modified. The variation of transition temperatures, novel phase, and pre-
dominant change in the dielectric properties helped us to state that ZnO nanoparticles have a significant ef-
fect on the physical properties of pure SCB. A lower relaxation time of samples means that it quickly re-
sponds to the external field and gives stabilization at a fast rate. This in turn leads to a low consumption of
power. The addition of metal oxide nanoparticles to nematic mesogens has improved the alignment prop-
erties of LC systems [13].

The present work reports dielectric parameters (dielectric permittivity (¢'), dielectric loss (g"), and re-
laxation time (7)) as well as transition temperatures through these studies for pure SCB and dispersed ZnO
5CB (N5CB). The studies reveal advantages of NSCB over pure SCB in the field of engineering in specific
storage devices. Moreover, we use polarizing optical microscopy (POM) and phase retardation obtained
from image analysis using MATLAB. It should be noted that we focus on analyzing the thermal, optical, and
dielectric properties using the chemical precipitation method in mesogenic systems by the dispersion of
ZnO nanoparticles. The experimental outcomes are analyzed in detail.

Experimental. Materials. The nematic liquid crystal materials used in the present investigation are SCB
and the dispersed nanomaterial is ZnO. The phase transitions of these materials are mentioned below.

25 C 38 C
5CB Crystal <—> N <— 1
25 C 175" C 350° C

N5CB Crystal <—— SmecticC* <—~—> N <« —> 1

The 5CB (99% purity) was received from Merck (Singapore). Micro glass slides were obtained from
Fisher Scientific (USA). ZnO nanoparticles were prepared from zinc nitride [Zn(NO3), - 6H,0O] and NaOH
(Merck). These chemicals were dissolved in distilled water to form 100 mL of alkaline zinc solution
[Zn*" = 0.5M, OH = 1.0 M] [9]. The ITO-coated glass cell designed by INSTEC Company was used to place
the sample under study. The dimension of the cell used was Smmx>x5mmx5um. The thickness of the sample
was 5 um (cell gap).

Preparation of the samples. Pure 5CB was commercially bought and used. ZnO nanoparticles of 35 nm
in size were prepared in our laboratory through the chemical precipitation method, which was explained in
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our previous publications [8, 9]. These nanoparticles were dispersed in the host SCB lattice in the liquid
phase at a 1 wt.% ratio. Then the mixture consisting of SCB dispersed with ZnO nanoparticles was placed on
the stirrer at 40°C for 1 h to obtain uniform distribution of nanoparticles in the SCB lattice. The final mixture
was named N5CB. One speck of this NSCB was placed on a previously rubbed micro glass slide and then
sealed by carefully placing a glass sticker to obtain uniform alignment of the sample. Then the sample-filled
glass slide was placed in a hot stage connected to a dimmer stat, to vary the temperature [9]. The sample was
taken over a normal glass slide for the POM study. Before placing the sample on a glass slide, it was rubbed
in one direction to avoid more irregularities in the orientation of the sample. The uniform alignment of the
sample leads to the maximum optical polarization of the input light. Initially, the polarizers of the POM were
in a crossed position, and no light was observed by the author. But when the uniformly aligned sample was
placed between these two polarizers, then, because of the anisotropic nature of the sample the input light was
polarized to another angle as per the orientation of the molecules of the sample, thus leading to observation
of the surface orientation of the molecules. This is nothing but the texture of the sample. Also, the size of the
nanoparticles used here was fixed at 35 nm. The concentration of doping used in this work was in the order
of 1 wt.%. The sample of liquid crystal (SCB) taken weighed 1 g, and the ZnO nanoparticles taken weighed
0.001 mg.

Methodology. A Meopta polarizing optical microscope was used to observe the textures and phase tran-
sitions of the samples. The phase changes were captured using a Nikon camera of 64 Mp attached to the mi-
croscope. The image analysis technique was employed to these textures to obtain the phase retardation using
MATLARB software. Dielectric measurements were made for these samples through Newton’s 4" Ltd., LCR
meter (Model PSM1700) within the frequency range 1 Hz—10 MHz. This LCR meter is a computer con-
trolled device and gives the values of capacitance, resistance, and inductance for the given inputs of voltage
and frequency. The procedure of taking dielectric data from the above-mentioned inductance, capacitance,
resistance (LCR) meter was repeated at different temperatures of the sample, which is kept on a computer-
controlled INSTEC hot plate. The measurements in the cell with homeotropic alignment gave us the value of
¢', parallel to the director of the LC. The temperature stability within the measurement was better than
+0.1°C. At frequencies less than 10 Hz absorption due to the ionic conductivity of the LC can be observed.
It should be noted that ZnO nanoparticles do not absorb the electric field in the observed frequency range,
their absorption bands lie at > 10 MHz. Therefore, data at /> 10 MHz are omitted [14-20].

The retardation in the liquid crystal phase of the sample is obtained using phase retardation (8). The
equation for phase retardation is:

2ndn
§==——. (M

The dielectric constant is defined as the ratio of capacitance with the dielectric material to the capaci-

tance in a vacuum. Practically, the dielectric constant (g') is obtained using the following equation (2):

c,—¢y)d

g'= (ep=c)d +1, ()
g4

where A is the area of the capacitor cell, d is the thickness of the cell, g is the permittivity of free space =
=8.85x107'2 F/m, ¢, is the capacitance with the dielectric material, and ¢y is the capacitance without the ma-
terial.

For an electric field, the molecules of the LC sample experience the loss of absorbed energy owing to
orientation polarization. These energetic losses are called dielectric losses. They can be obtained directly
from tan § values collected from the LCR meter using the equation:

g" = g'tand. 3)
The relaxation time (1) is calculated using Slater’s perturbation:
T=tand/o, 4)

where ® = 27f) and /) is the resonance frequency.
With the help of above equations, the relaxation times are calculated for the selected samples (5CB and
NS5CB) at different temperatures starting with the liquid crystal phase and ending with the liquid phase.
Results and discussion. POM studies. Transition temperatures of SCB and N5CB were observed
through polarizing optical microscopy and confirmed through the present dielectric studies. The same are
mentioned in Table 1. A novel texture of Smectic C* was observed in N5SCB in the temperature range
30-175°C. These static values of the SCB compound are in good agreement with several previously reported
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values in the literature [21, 22]. The texture of NSCB observed through a normalized polarizing optical mi-
croscope within the temperature range 30—175°C was shown in Figs. 1a and b. The plate number 162 match-
es the maximum extent of the image observed for the sample NSCB. Of course, its Smectic C twisted phase
is represented with SmC*. The achiral 5CB was influenced by the ZnO nanoparticles near their lattice posi-
tions and hence metallomesogens [23] resulted in obtaining the chirality in the molecular positions of the
5CB. The images obtained from POM were included here. Fig. 1a represents the Smectic phase of the N5CB,
which gives the surface orientation of molecules and not the aggregation of the ZnO nanoparticles. The
composite formed because of the dispersion of ZnO nanoparticles and SCB tends to align in the twisted lay-
ered structure as SmC*. The dots over the slippery-like structure represent the claimed phase of the N5CB.
Also, in Fig. 1b, it is very clear that nematic droplets are observed owing to the thermal energy change and
transition phase. The results of the transition temperatures of N5SCB indicate that the dispersed ZnO nanopar-
ticles have extremely reoriented the host and extend the LC phase up to a high thermal range. This extraor-
dinary behavior can be explained based on the continuum theory that supports the interactions of nanoparti-
cles with the nematic LC and was beautifully explained in the literature [24].

TABLE 1. Transition Temperatures of SCB and N5CB

Sample Study Ten, °C Ty, °C
5CB POM 25 38
DSC 25 36
Dielectric study 26 38
N5CB POM 30 (Tesmex) 290
175 (TSmC*N)
DSC 31 (Tesme) 296
173 (Tsmc*Ny
Dielectric study 32 (Tcsmex) 170 308
(TsmeN)

N o te. POM polarizing optical microscopy, DSC differential scanning calorimetry.
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Fig. 1. (a) SmC* phase of N5CB at 100°C, (b) nematic phase of NSCB at 270°C,
and the temperature dependence of phase retardation (8) for (c¢) 5CB, (d) N5CB.
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The snapshots of 5CB and N5CB taken at various temperatures of the LC phase are analyzed using
MATLAB software to study phase retardation [9]. The plots of phase retardation (8) vs temperature in the
LC phase of the samples SCB and N5CB are shown in Figs. 1c and d. The values of 6 are calculated for
three different wavelengths (470, 530, and 600 nm) in the optical region for both the samples. From the
phase retardation of the samples, it is observed that the behavior of phase retardation is changed; namely, it
increases with temperature up to the phase of the LC and then decreases when there is a phase transition. In
Fig. lc, two significant peaks are visible within a short span of temperature. This shows the most unstable
nature of the SCB LC to external thermal energy. However, the strong phase retardation is observed in
N5CB up to a large temperature range. This is an interesting point and is shown in Fig. 1d. The birefringence
is not equal to zero for LC [25]. The refractive index of the sample in the isotropic phase is between the val-
ues of the refractive indices of ordinary and extraordinary rays. In this paper, the birefringence is calculated
using the image analysis method through MATLAB. The phase retardation is calculated using Eq. (1). The
LC phase of N5CB is for a long duration of temperature, and the most stable compound is obtained through
this method of chemical precipitation. This also confirms the POM and other studies of this communication.

DSC analysis. Differential scanning calorimetry (DSC) was performed on the studied samples, SCB and
N5CB (with 1 wt.% of ZnO), to analyze the change in phase transition temperatures. The heating scan of the
DSC for all the samples is shown in Fig. 2. From the DSC, the thermograms represent the heat flow transi-
tion and the predominant peaks were identified as phase transitions of the sample. The appearance of very
small peaks in the DSC thermograms is assigned to noise of the instrumentation. Here, a single peak ob-
served in 5CB corresponds to the transition of the nematic phase to the isotropic phase. For a lower concen-
tration of the ZnO mixture (1 wt.%) two distinct peaks were observed at 171.3 and 296.79°C. The first peak
reports the transition of the ordered Smectic C* to the disordered nematic phase. The second peak is due to
the existence of localized semi-nematic domains where the mixture possesses the orderly alignment stipulat-
ed by ZnO nanoparticles. The rise in 7Tiso-n and the occurrence of a second peak in the DSC thermogram of
N5CB (Fig. 2b) is due to the blending of the ZnO and 5CB molecules. Therefore, the effect of ZnO nanopar-
ticles on the liquid—nematic transition temperature (7is0-n) depends on the selection of the host and the con-
centration of ZnO nanoparticles. This study helped us to support the local short-range orientation of NSCB

molecules around the ZnO nanoparticles because of its anchoring energy. This novel state is also called the
paranematic state.

Heat formation, mW a Heat flow, W/g b [——scBrim N0 |
30 ] 296.79°C
| 0 [
i i 17141 |
0 | \'\ ;
26 A peak 36.34C ~1.0 - \\\_// \ }(
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20 =307 23478C |
249.35°C
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Fig. 2. Differential scanning calorimetry thermograms of (a) SCB, (b) N5CB.

Dielectric studies. The studies involve the measurement of dielectric permittivity, dielectric loss, and
the temperature coefficient of the dielectric constant within the frequency range 1 Hz—10 MHz for 5CB and
N5CB samples (Figs. 3-5). The dispersion of ZnO nanoparticles with nematic LC caused appreciable chang-
es in the spectra. Figure 3a shows the plots of dielectric permittivity vs frequency at different temperatures of
the samples. Figure 3b shows the plots of dielectric loss vs frequency at different temperatures of the sam-
ples. The pure SCB and its nano-nematic composite system of the dielectric constant at different tempera-
tures are depicted in Figs. 3a,b, respectively. It is interesting to note that the maximum value of the dielectric
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constant is 53.69 at a low frequency and decreases gradually with increasing frequency, but we see a slight
increase in its numerical value with increasing temperature. The large values of the dielectric constant at low
frequencies are due to orientational polarization. This variation of the dielectric permittivity as a function of
frequency can be explained by Koop’s theory, in which dielectric materials are treated as a two-layer struc-
ture of the Maxwell-Wagner type. In this model, one layer is a conducting layer that is attributed to the
grains, and the second layer is a weak conducting layer assigned to the grain boundaries of the material. The
grains play a significant role at high frequencies owing to their small dielectric constant values. However,
the observed dielectric properties are mainly due to the high values of the dielectric constant for grain
boundaries. This behavior is almost the same as that reported by other studies.

g a g b
60 1600
1400 —— 170
50 1 —e—180°C
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Fig. 3. Frequency dependence of dielectric constant ¢’ for (a) 5CB, (b) N5CB,
and dielectric loss &” for (¢) SCB, (d) N5CB.

The dielectric analysis of the studied samples was carried out within the frequency range 1 Hz—10 kHz
with varying temperature. An LCR meter was operated for data collection for every 2°C temperature of the
sample (both for 5CB and for N5CB). The data obtained from this LCR meter were in terms of capacitance
and tan 6, which afterward were used to calculate the dielectric constant (g"), dielectric loss (¢'"), and relaxa-
tion time (1) using Eq. (2)—(4), respectively. The obtained data are visualized in the form of plots, as in
Figs. 3-5. The temperature variation of dielectric parameters helped to confirm the transition temperatures of
the studied samples. The sudden change in the behavior of the dielectric parameter revealed the transition of
the phase of the sample at that particular temperature. The dielectric constant of ZnO nanoparticle SCB sys-



ABSTRACTS ENGLISH-LANGUAGE ARTICLES 441

tems increased compared with pure SCB. It is because the dipole moment of the ZnO nanoparticle is higher
than for the nematic liquid crystal molecule system [26]. Figures 3¢ and d clearly indicate that the dispersion
of ZnO nanoparticles is dependent on the dielectric constant and the dielectric loss of the host system. More-
over, we obtained that the dispersion of ZnO nanoparticles influences the rotation of LC molecules around
their short axes and shifts the absorption bands to lower frequencies; meanwhile, the amplitude and width of
the absorption bands increase. This result confirms that dispersed nanoparticles strongly interact with the LC
molecules owing to their large dipole moment and high polarizability. The nanoparticles affect both dielec-
tric constant and dielectric loss of the system. The rise in the dielectric constant for NSCB can be understood
as the matching of dipole moments of ZnO nanoparticles and 5CB resulting in uniform orientation. In the
presence of the low-frequency electric field, the ionic polarization persists in NSCB and results in the en-
hancement of dipole moments.

In Figures 3¢ and d the dielectric constants and dielectric losses of the samples SCB and N5CB are
shown as a function of frequency (over the log scale) ranging from 1 Hz to 1 MHz. The data plotted in these
figures is against different temperatures of the samples in their nematic phase only. Of course, the tempera-
tures of SCB and N5CB used to plot the Figs. 3c,d are not within the same range; however, they are consid-
ered to observe the behavior of the samples in their nematic state. Also, from these plots, the salient observa-
tions made, namely, the dielectric constant and dielectric loss of NSCB always have high values compared
with 5CB at all temperatures for any particular frequency of the input signal. That indicates that the dielec-
tric nature of N5SCB is stronger than that of 5CB. This is attributed to the inclusion of ZnO nanoparticles in
the lattice of SCB. It should be noted here that the metallic nature of ZnO (conductor) is modified for nano
sizes, which helps to enhance the insulating behavior of the host lattice. Moreover, the temperature ranges of
the LC state are different for SCB and N5CB.

The temperature dependence of the dielectric constant at different frequencies for the pure 5CB and dis-
persed ZnO material (NSCB) is shown in Figs. 4a and b. From Fig. 4a, we see that the variation of the die-
lectric constant is linear at low frequencies (up to 100 Hz) with increasing temperature, whereas for NSCB,
the same dependence is nonlinear (up to 1 kHz). This change is due to the presence of nanoparticles. The
transition temperatures (7n-1) of SCB obtained from the dielectric studies (SCB 38°C) is slightly different
from the DSC studies (SCB 36°C) and the POM studies (SCB 40°C). At lower frequencies there is a sharp
increase when the transition from solid to smectic C* for dispersed ZnO materials takes place. The transition
temperatures are confirmed significantly through dielectric constant curves. However, all these changes are
seen at lower applied frequencies up to 100 Hz. There are four types of dielectric polarization, viz., electron-
ic polarization, ionic polarization, dipolar or orientational polarization, and space-charge polarization.
Among these, the first three types of polarization can be exhibited by the sample under study to give differ-
ent applications. The applied AC electric field with varying frequency is maintained in such a way that the
samples will not suffer by space-charge polarization as it leads to damage (it will be observed only when the
sample is under high voltages). Hence, generally, electronic, ionic, and dipolar polarizations of the sample
are considered. For some important cases, the behavior of the samples at different frequencies can be ex-
plained within the theory of dipolar polarization [27]. Polarization of dipoles in the region of 1 kHz frequen-
cy is dipolar polarization, which is also named orientational polarization. For the frequency range studied in
this paper, the molecular structure of SCB can be described as a dipole structure. Thus, the studied samples
exhibit orientation polarization rather than ionic and electronic polarizations [28-30]. Figure 4 shows
a graph of dielectric loss as a function of temperature at selected frequencies. At lower frequencies, the die-
lectric loss increases with the temperature and reaches a peak value, and then the losses decrease with a fur-
ther increase in temperature for both the samples. At higher frequencies with an increase in temperature the
peak decreases and becomes almost constant for both samples. There is a sharp increase in the dielectric loss
when the transition from solid to smectic C* takes place.

The dielectric constant depends on the dielectric polarization of the sample, which in turn depends on
the frequency of the input signal. As the samples studied in the present manuscript have a long molecular
structure with covalent bonds between the organic atoms, the response of these molecules to the external
electrical field depends on the frequency of the signal. At lower frequencies of the input signal, the molecu-
lar structure of SCB and N5CB respond through orientation and give dipolar polarization, thus giving a high
dielectric constant. At a high frequency of the input signal, the variation of the electric field vector changes
rapidly, which the molecular structure of the samples cannot support to give stable polarization, and hence
the polarization decreases, which leads to a low dielectric constant of SCB at a high frequency (>1 kHz). Al-
so, the dielectric polarization of the sample depends on its phase. Here, in the nematic phase the order of the
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molecules are moderate, giving some dielectric polarization, and at a temperature near T (isotropic phase)
the molecules are completely disordered, giving a stable dielectric constant. Hence, at high temperatures, the
samples exhibit a low dielectric constant. In Figure 4b, the dielectric constant is very small but not less than
1 as the graph is in a higher order and cannot be visualized when compared to low frequency. The transition
temperatures are confirmed significantly through dielectric loss curves.

!

& a € b
—=—10HZ 400 ]
@100 HZ y | s

1K HZ i |
1| v 10kHz 1l ﬁngZ ‘/.
32 +1885KH|—Z|Z 300 1| —v—10kHz ,/’
] 100K HZ J
. 7| < 1000K HZ /
24 7 :
] 200 7
16 7 ]
3 7 ]
] = 100 1
8 :r"' — - :
0 ; T ? T T T ? T T T T T 0 i TrrTTrT T T T T T T T T T T T
28 30 32 34 36 38 40 40 80 120 160 200 240 T, °C
d

—=—10HZ
—o—100HZ J
1K HZ
—v— 10K HZ
100K HZ /
4 1000K HZ /
¢
—=—10HzZ
- —eo—100HZ |° ]
r 1K HZ 500
i —v— 10K HZ B
10 100K HZ ]
i — <4 1000K HZ ]
i e
— T T T T T T T T T T T T L e B
28 32 36 40 42 140 160 180 200 220 240 T,°C

Fig. 4. Temperature dependence of dielectric constant &' for (a) SCB, (b) NSCB,
and dielectric loss €” for (¢) SCB, (d) N5CB.

Figures 5a and b show the variation between the dielectric constant and the dielectric loss plotted at dif-
ferent temperatures for pure and dispersed ZnO SCB. The values of ¢” and &”, corresponding to the peak of
the plot, are identified and related to the frequency, which is used to determine the relaxation time (Table 2).
Table 3 specifically represents their relaxation frequencies (fo) and relaxation times (t) in the nematic phase
of the samples. These Cole—Cole plots show Debye relaxation. The calculated relaxation times are in good
agreement with that obtained from these plots. The Debye theory of dielectric relaxation is applicable to lig-
uids. Martin et al. [31] have extended the Debye theory of dielectric relaxation in liquid to the nematic and
have shown that the relaxation time in LCs is larger than the ordinary Debye relaxation time 7p by a factor

g :_Tktexp(%j [32, 33]. This procedure is repeated for all temperatures of the samples in their liquid

crystalline planes. Similarly, the temperature influence was also observed on the samples in terms of the re-
laxation time. For both the studied samples, the relaxation time decreased with the temperature. The basic
lattices of the samples are almost the same, but varied with the presence of nanoparticles. The authors com-
pared the samples in their respective mesogenic (liquid crystalline state) phase. The SCB sample exists in the



ABSTRACTS ENGLISH-LANGUAGE ARTICLES 443

mesogenic phase at low temperatures only (<40°C). Hence, the comparison cannot be drawn by merely tak-
ing high temperatures, but by taking the same state of matter. The calculated relaxation times (1) for SCB
and N5CB are again plotted with the temperature, as shown in Figs. 5¢ and d. Figure 5¢ shows the decrease
in the relaxation time with increasing temperature owing to the thermal vibrations in the pure mesogens.
This leads to weak intermolecular forces and thus a lower relaxation time through low cohesive energy and
internal pressure. However, Fig. 5d shows a significant relaxation time at a temperature around 175°C. This
is assigned to the change in the molecular alignment of N5SCB, which is also reflected in the POM studies as
the transition from Smectic C* to the nematic phase. Thus, dielectric studies correlate with the POM studies
and help to strengthen the phase transition temperatures of the prepared sample.
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Fig. 5. Variation between dielectric constant €’ and dielectric loss € of (a) SCB, (b) N5CB,
and temperature dependence of t for (c) 5CB, (d) N5CB.

TABLE 2. Relaxation Times of 5CB and N5CB in the Nematic Phase

5CB N5CB
T, °C T, mS T, °C T, ms
30 27.51 40 2.77
32 14.66 80 0.79
34 11.31 120 0.59
36 8.74 160 0.43
38 6.53 180 0.31
40 6.07 200 0.24
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TABLE 3. Relaxation Frequency and Relaxation Time of 5CB and N5CB

Sample T, °C Jfo, Hz T, ms
5CB 32 51 14.66
N5CB 175 700 0.52

Conclusions. ZnO nanoparticles are dispersed in SCB nematic LCs using the chemical precipitation meth-
od. All the results are analyzed systematically by the comparative study of SCB and its nano-dispersed coun-
terpart. The studied samples show significant features in terms of textures, phase retardation, the dielectric
constant, relaxation time, and temperature coefficient of the dielectric constant. Pure SCB exists only in the
nematic phase; however, ZnO nanoparticles have influenced the lattice of SCB and made it exhibit the tex-
ture of Smectic C*. This feature guides us to conclude that the dispersed nanoparticles have not only
changed the direction of molecular orientation but also made it rotate layer by layer. Further, the dielectric
parameters of NSCB are found to be high, indicating more dielectric strength of the material. The most inter-
esting findings of the present work are the significant decrease in the relaxation time of SCB owing to the
presence of ZnO nanoparticles. This is attributed to the high activity of nano-sized ZnO. A gradual decrease
in the relaxation time in 5CB and a significant peak in N5SCB temperature are also inferred in the new phase.
The sensitivity of mesogenic phases to external forces is confirmed through the present work. The variation
of transition temperatures, novel phase, and predominant change in the dielectric properties helped to state
that ZnO nanoparticles have a significant effect on the physical properties of pure SCB. Based on this, it is
concluded that the studied samples have an important part to play in the preparation of fast switching devices.
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