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ABSTRACT: Nanocomposite zinc oxide nanorods capped with oleic acid
(ZOR) with positive dielectric anisotropy liquid crystal (LC) 4′-octyl-4-
biphenylcarbonitrile (8CB) filled in unaligned cells exhibit homeotropic
alignment of host LC molecules. Further, systematic investigation of the
textural, dielectric, and conductivity properties of nanocomposites filled in
planar cells is performed with increasing concentration of nanorods. At a
nanorod concentration ≤0.2 wt % in 8CB, the order parameter of
nanocomposite samples is found to be increasing and ionic conductivity is
found to be decreasing as compared to pure LC. Beyond 0.3 wt %
concentration of nanorods in 8CB, vertical alignment (VA) of host LC is observed even in a planar aligned cell. The VA of LC
molecules in ZOR nanocomposites is confirmed through attenuated total reflection−Fourier transform infrared absorption spectra
studies.

1. INTRODUCTION
Vertical alignment (VA) mode has been adopted for a variety
of displays to improve the display performance persistently.
This technique fetched revolutionary changes in the field of
liquid crystal displays (LCDs). Various alignment modes, viz.,
planar, twisted nematic,1,2 VA,3 in-plane switching (IPS),4 and
fringe-field switching (FFS),5 are used in LC cells employed
for LCDs. In the LC cells, twist, vertical, and splay alignments
of the LC molecules are formed in the off-state of the applied
field depending on the geometry of the LC cells. Generally,
layers of polyimides or silanes with different chemical
structures are used to produce such alignments. The main-
chain type polyimides are used in the IPS-mode cell to form a
homogeneous alignment,6−8 and silanes or side-chain type
polyimides are used in the VA-mode cell to form a
homeotropic alignment.4,9,10 The preparation of these align-
ment layers usually requires large quantities of solvent, high-
temperature operation for the thermal imidization reaction,
and a rubbing process. Rubbing process has some serious
disadvantages like debris creation, electrostatic discharge, and
partial particles which can introduce local defects and streaks
and result in low-quality LCDs.11 In comparison to FFS and
IPS modes, the VA mode does not include any rubbing process
for device fabrication and offers a very high contrast at normal
incidence, mainly attributed to the initial VA of LCs.3 The LC
cells prepared without using alignment layers are suitable for
fabricating flexible LC displays which require a low-temper-
ature process.12 Dispersion of nanoparticles (NPs) shows a
promising and easier approach for VA instead of using
processes like self-assembled monolayers, photoalignment, or
evaporated oxide.13−15 Several groups have reported VA of
LCs using different NPs such as fullerenes,16 gold NPs,17,18

nickel NPs,19 quantum dots,20,21 and polyhedral oligomeric
silsesquioxane (POSS) NPs.13,16,22,23 These VALC devices
without any alignment layer displayed an ideal dark state under
crossed polarizers. The realization of true dark state without
application of external field helps to produce a high contrast
ratio in LCDs. Apart from displays, VALC devices find
applications in sensors as well.24,25 Nakamura et al. proposed
that VA can be induced by using fullerene particles without
using alignment layers.26 Jeng et al. reported VA of the LCs
without an alignment layer by addition of NPs of POSS into
negative dielectric anisotropy LCs.16,23,27 The electro-optical
properties of these LC cells were found to be similar to a
conventional homeotropic LC cell with alignment layers. The
major problems for the application of POSS are poor
compatibility with LC media and weak interaction with LC
molecules.28 Pristine POSS NPs highly aggregate themselves in
the LC media and create macroscopic micron size domains
resulting in severe light scatterings.22,29 Addition of 1D
nanomaterials to LC hosts in small quantities has shown
betterment of the display parameters such as electro-optic
switching time, contrast ratio, and threshold voltage as
observed by various research groups.30−33 Addition of various
types of carbon nanotubes is widely studied and proven to
show great potential as a doping material in LC for device
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applications.34−36 However, VA with the addition of 1D
nanomaterials is yet to be explored. Here, we present the
alignment properties of host LC molecules with positive
dielectric anisotropy by addition of zinc oxide nanorods
capped with oleic acid (ZOR). The vertically aligned domains
of LC molecules are observed in unaligned LC cells with
addition of a low amount (0.3−0.5 wt %) of ZOR. Systematic
investigation of the effect of concentration of ZOR on the
dielectric and conductivity properties of host LC and its
nanocomposites filled in planar cells is performed. The
homeotropic alignment of LC molecules is observed despite
the presence of a homogeneous alignment layer. The results
are compared with the measurement carried out on nano-
composites filled in conventional homeotropic cells.

2. EXPERIMENTAL SECTION
2.1. Synthesis of ZOR. ZOR are synthesized using the

reflux method.37 Zinc acetate dihydrate [Zn(OAc)2], trioctyl-
amine, and oleic acid are purchased from Sigma-Aldrich and
used as received. In a typical synthesis procedure, 4 mmol
Zn(OAc)2 is added to 12 mmol oleic acid followed by addition
of 7.5 mL of trioctylamine under constant stirring. The
reaction is carried out at 280 °C for 2 h. The color of the
solution gradually changes to yellow and becomes little cloudy
indicating the formation of nanorods. After the completion of
reaction, the solution is cooled down to room temperature and
washed using ethanol several times until all unreacted solvent
is removed. The final product is dried in air at 80 °C and
preserved for further studies.
Thermogravimetric analysis (TGA; PerkinElmer TGA4000)

of the prepared sample is shown in Figure 1a. The actual
weight loss is observed from 250 to 480 °C which shows the
formation of ZOR.38 The powder X-ray diffraction (XRD)
pattern of synthesized ZOR was obtained using a Rigaku
SmartLab Studio II diffractometer. Field emission scanning
electron microscopy (FE-SEM) image of ZOR is captured
using a FEI Apreo LoVac instrument. Figure 1b shows the

XRD pattern of as-synthesized ZOR. The morphological
structure of the synthesized ZOR is shown in Figure 1c. The
nanorods obtained are bunched together to form a flowerlike
structure. As observed from the FE-SEM image, the nanorods
are 50−60 nm wide and 1−1.2 μm in length.
2.2. Preparation of LC Sample Cells. For this

experimental study, we have taken 4′-octyl-4-biphenylcarboni-
trile (8CB) as the liquid crystalline host material procured
from Sigma-Aldrich. The phase sequence of LC host 8CB is as
follows: I (40.5 °C) N (32.5 °C) SmA (21.5 °C) Cr.
The solution of 0.25 mg/mL of ZOR in chloroform is

prepared and is ultrasonicated for about 2 h to get a
homogeneous dispersion. Calculated quantity of this solution
is added into host LC to obtain various nanocomposites of
concentrations (CZOR), viz., 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 1, and 2
wt % of ZOR in 8CB. Sufficient time is allowed for the solvent
to evaporate from the nanocomposites. For the electro-optic
and dielectric measurements, we have used planar aligned cells
of thickness ∼7.5 μm. Planar cells are prepared by spin coating
a layer of polyimide (PI2555) on top of the indium tin oxide
(ITO)-coated glass plates and cured at 250 °C for about an
hour. These PI-coated substrates are further unidirectionally
rubbed using a soft cloth, and planar cells are prepared by
placing these plates with the rubbing direction antiparallel to
each other. Homeotropic cells are also prepared using ITO
plates treated with octadecyltrimethylsilane and cured at 100
°C. Cells in both planar as well as homeotropic alignments are
prepared by using epoxy glue mixed with glass spacers.
2.3. Characterization Techniques. Thickness of the

sample cells is measured using an interferometric fiber-optics
spectrometer (Ocean-optics USB4000-XR1-ES). To study the
alignment characteristics, cells using ITO plates with no
alignment layers (unaligned cells) are also prepared. Optical
texture of the LC filled sample cells is observed under a
polarizing optical microscope (POM; Olympus BX53M) at
room temperature. The sample cell is placed inside the hot
stage (Micro-optik MDTC600) with temperature control of

Figure 1. (a) TGA curve during heating cycle under N2 flow, (b) powder XRD pattern, and (c) FE-SEM image of synthesized ZOR.
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0.1 °C having a small hole in the middle to allow light to pass
through. This assembly was then kept on the rotating stage of
the POM between crossed polarizers. A laser beam of
wavelength 633 nm passes through the sample placed between
crossed polarizers. The planar cell is kept between crossed
polarizers with the rubbing direction at an angle of 45° to
either of the polarizers. The transmitted intensity (Itr) as a
function of temperature is recorded and used to estimate the
birefringence (Δn) of the samples. As added NPs do fluoresce,
fluorescence confocal microscopy (FCM) (ZEISS LSM880)
with laser of wavelength λ = 370 nm is performed to
investigate the bulk and interfacial properties of ZOR in the
host LC. Dielectric permittivity (ε) measurements as a
function of voltage are performed at an applied frequency of
4 kHz. Dielectric permittivity at an applied voltage less than
the threshold voltage (εlow(p)) and larger than the threshold
voltage (εhigh(p)) is measured using planar cells filled with pure
and ZOR nanocomposites of 8CB. Threshold voltage (Vth) is
measured with the help of the capacitance−voltage (C−V)
curve for nanocomposite samples filled in the planar cell.
Simultaneous measurements of components of conductivity,
σhigh(p) and σlow(p), are also performed using the method
reported earlier.10 Measurement of dielectric permittivity is
also performed by application of electric field to homeotropic
cells (εh) filled with pure as well as ZOR-doped 8CB. All
measurements were recorded through a PC with the help of
LABVIEW program. To understand the role of ZOR in the VA
of 8CB, Fourier transform infrared (FTIR) absorption spectra
of films of pure and ZOR-doped 8CB in the attenuated total
reflection (ATR) mode were obtained using a PerkinElmer
spectrophotometer equipped with GladiATR. The ATR
substrate is made up of diamond crystal with an incident
angle of 45°. The sample-filled planar cell is broken laterally to
acquire the ATR−FTIR spectra of aligned sample films.
Similar samples were used to acquire the thin-film XRD
pattern to investigate the change in the smectic bilayer
structure (SmAd) of pure 8CB with the addition of ZOR. FTIR
and XRD measurements are performed at room temperature
where host LC exhibits a smectic phase.

3. RESULTS AND DISCUSSION
The optical textures of pure and ZOR nanocomposites of 8CB
observed under cross polarizers of POM are as shown in Figure
2. The POM images of samples filled in the planar cell are
shown in the first row of Figure 2, whereas the second and
third rows show the optical textures of samples filled in

homeotropic and unaligned cells, respectively. The optical
textures of pure and 0.2, 0.3, and 2 wt % ZOR nanocomposites
of 8CB in the nematic phase (T = 35 °C) are shown here.
Detailed POM images are shown in Figure S1 in the
Supporting Information. Homogeneous and uniform align-
ment of molecules of pure LC is observed in planar and
homeotropic cells, whereas characteristic schlieren texture of
the nematic phase can be observed in uncoated cells as shown
in Figure 2a. The addition of ZOR for concentration upto 0.2
wt % (taken as critical concentration, CZOR*) of 8CB also
shows uniform alignment as observed in Figure 2b. When CZOR
increases to 0.3 wt % in 8CB, we can notice the presence of
homeotropically aligned domains in the planar cell as observed
from Figure 2c (first row). With a further increase in CZOR,
vertically aligned domains increase. Complete dark texture of
the planar as well as uncoated cells, similar to that of the
homeotropic cells filled with ZOR nanocomposites of 8CB can
be observed for CZOR ≥ 0.5 wt % on rotation of the microscope
stage under crossed polarizers as shown in Figure S1. This
shows that the presence of ZOR in 8CB helps the host LC
molecules to align vertically owing to the interaction between
ZOR and LC molecules. However, no aggregation of ZOR is
observed in nanocomposite samples for the samples under
investigation. FCM images of pure and ZOR nanocomposites
of 8CB are shown in Figure 3. The FCM images (left panel)
are split into RGB components, and the blue component
(indicating fluorescence of ZOR) is considered for drawing a
line profile along the arrows as shown in the FCM images
(right panel). Pure 8CB does not show any fluorescence
(Figure 3e), and hence its analysis is not presented. However,
fluorescence in ZOR nanocomposites of 8CB clearly indicates
ZOR uniformly dispersed in the bulk of LC. As it can also be
observed from the line profile, the higher value of fluorescence
intensity appears in the bulk region of the sample cells filled
with nanocomposites having dispersed ZOR (Figure 3b−d).
To further comprehend the inference, a sample cell is prepared
with the ZOR directly coated on the ITO substrate. This cell is
then filled with pure 8CB, and FCM images are recorded. The
line profile for this sample (right panel, Figure 3a) shows
significant overlap in the interfacial region.
The alignment of LC molecules in nanocomposites depends

on the shape of the NPs, chemical modification of the surface
of particles, the miscibility of particles in the host, and the
properties of the confining substrates.39,40 Several groups have
shown that functionalized spherical NPs or quantum dots (4−
5 nm) accumulate at the surface of the substrate due to the low
miscibility with the nematic hosts altering the boundary
conditions which results in the modification of the initial
alignment layer.21,41,42 However, the 1D shape anisotropy
similar to that of LC molecules and the large aspect ratio
(∼50:1000 nm) of ZOR help LC molecules to form domains
around dispersed nanorods. Hence, the presence of ZOR is
observed to be in the bulk instead of accumulating at the
surface.
Based on the observation of optical textures, birefringence of

pure and ZOR nanocomposites of 8CB is performed for CZOR
< CZOR*. The temperature variation of birefringence (Δn) for
samples filled in planar cells is shown in Figure 4. The change
in the value of Δn is observed to be negligible as compared to
the pure LC with the addition of ZOR. The decrease in the
value of Δn as a function of temperature is observed at CZOR*
as compared to pure 8CB.

Figure 2. (a−d) Optical textures of pure and ZOR nanocomposites of
8CB (T = 35 °C) in planar cells (row 1), homeotropic cells (row 2),
and unaligned cells observed under POM (numbers show CZOR in
8CB).
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Variation of dielectric permittivity as a function of
temperature for pure and ZOR nanocomposites of 8CB filled
in planar cells is presented in Figure 5. Here, the component of
dielectric permittivity measured at V (0.5 V) < Vth is
abbreviated as εlow(p), whereas the one measured at V (5 V)
> Vth is abbreviated as εhigh(p). In the isotropic phase, the value
of dielectric permittivity εiso increases with the increase in
concentration of ZOR in 8CB probably due to the presence of
short-range nematic order in the isotropic phase of nano-
composite samples. At CZOR ≥ CZOR*, the value of εiso starts
decreasing but is still higher than that of pure LC. The value of
εlow(p) increases with increase in the CZOR in 8CB as shown in
Figure 5a. At CZOR*, a sudden increase in the value εlow(p) can
be observed as shown in Figure 5b. This is because the added
ZOR helps the LC molecules in the vicinity of ZOR to orient
vertically by overcoming the anchoring energy. The inference
is further supported by FTIR and XRD measurements
discussed later. The variation of threshold voltage (Vth) as a
function of temperature in pure and nanocomposite samples
<CZOR* of nanorods is shown in Figure 5c. The value of Vth in
the nematic phase which is proportional to the order parameter
of the nematic phase increases with decreasing temperature.
However, Vth diverges as we approach the N-SmA transition

temperature due to the formation of short-range ordered
cybotactic groups in the nematic phase.43 Variation of Vth as a
function of temperature in nanocomposite samples clearly
indicates that the nematic phase range has increased for CZOR =
0.05 wt % which is consistent with the results shown in Figure
5a. With further increase in CZOR = 0.1 wt %, the temperature
range for the nematic phase reduces but is similar to that of
pure LC.
The measurement of Vth for CZOR ≥ 0.2 wt % is not possible

due to the tendency of VA of LC molecules with the aid of
ZOR in nanocomposite samples as observed in Figure 5a. At
CZOR = 0.3 wt %, the value of εlow(p) as a function of
temperature almost flattens due to the coexistence of vertically
aligned as well as planar aligned domains as evident from
optical textures as well. The measurement of Vth for
concentration of ZOR ≥ CZOR* is not possible because of
the tendency of LC molecules to vertically align in the
presence of ZOR. For CZOR ≥ 0.4 wt %, the curvature of εlow(p)
as a function of temperature changes its sign due to the
dominance of vertically aligned domains which is clearly
evident from the optical textures. Here, the value of εlow(p)
changes similar to the variation of the parallel component of
dielectric permittivity. Kumar et al. proposed that adsorption
of ZnO NPs on the substrate surface helps to reduce the
surface energy of the substrate which subsequently produces
the homeotropic alignment.44 Choudhary et al. reported that
the enhanced local ordering of nematic LC molecules on the
surface of NPs contributes largely to inducing homeotropic
alignment of bulk LC material within the confined geometry of
the sample cell.45 The values of εhigh(p) are observed to be
increasing at any given temperature for all ZOR nano-
composites as compared to pure LC as shown in Figure 5a.
The increase in the value of εhigh(p) is attributed to the increase
in the net dipole moment of the ZOR nanocomposites of 8C
and hence the order parameter, as compared to pure LC. Singh
et al. reported that the enhancement in the net dipole moment
of the nanocomposite system shows a parallel correlation
between the dipole moments of LC molecules and nanorods.46

A sudden decrease in the value of εhigh(p) observed at the N-

Figure 3. (left panel) FCM images and (right panel) analysis of FCM images of the (a) sample cell prepared by ZOR-coated ITO substrate and
then filled with 8CB and (b) 0.05, (c) 0.3, (d) 2 wt % ZOR nanocomposites of 8CB (T = 35 °C) in planar cells. (e) FCM image of pure 8CB
showing no fluorescence.

Figure 4. Birefringence (Δn) of pure and ZOR nanocomposites of
8CB (CZOR ≤ CZOR*) as a function of temperature.
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Figure 5. Variation of (a,b) components of dielectric permittivity as a function of temperature, (c) threshold voltage ((CZOR ≤ CZOR*)), and (d)
εdiff = εhigh(p) − εlow(p) for pure and ZOR nanocomposites of 8CB filled in planar cells as a function of temperature.

Figure 6. Variation of (a,b) components of bulk ac conductivity as a function of temperature; (c) bulk ac conductivity as a function of CZOR
[numbers in the bracket denote T − TIN (°C)]; (d) thermal activation energy as a function of CZOR.
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SmA transition temperature is due to the negligible effect of
applied electric field on the orientation of LC molecules due to
emergence of smectic layering. The difference (εdiff = εhigh(p) −
εlow(p)) for pure and ZOR nanocomposites of 8CB is shown in
Figure 4d. The initial addition of ZOR (CZOR < CZOR*), the
values of εdiff increase compared to that of pure LC. The
nematic temperature range is also observed to increase by 1.5
°C for CZOR = 0.05 wt % compared to pure 8CB. The value of
εdiff as well as the nematic temperature range goes on
decreasing with increase in CZOR ≥ CZOR*. The value of εdiff
is almost zero for CZOR = 2 wt % which confirms that
alignment of 2 wt % nanocomposite of 8CB is nearly
homeotropic in the planar aligned cell. The value of εh
measured for samples filled in homeotropic cells are compared
with the values of εhigh(p) measured using planar aligned cells.
The value of εhigh(p) measured for the nanocomposite sample
with the lowest concentration CZOR = 0.05 wt % is ∼5% lower
than that of the value of εh due to the surface anchoring of LC
molecules in the nanocomposite sample filled in the planar cell.
With the increase in CZOR, the value of εhigh(p) approaches the
value of εh and is in agreement (∼0.5% lower) for CZOR = 2 wt
% which suggests that the nearly homeotropic configuration is
achieved even in planar aligned cells.
The components of bulk ac conductivity at 0.5 V (σlow(p))

and 5 V (σhigh(p)) are also measured for pure and ZOR
nanocomposites of 8CB, and the temperature variation of ln
(σ) is shown in Figure 6a,b. The interesting fact observed here
is that we obtain two regimes, one where bulk conductivity
decreases (CZOR ≤ CZOR*) and the other where bulk
conductivity is higher than that of pure 8CB (CZOR >
CZOR*). The former one may be considered as the ion-
capturing regime where the ionic impurities in the bulk 8CB
are adsorbed by the added ZOR.47 In the latter case, the
formation of vertically aligned domains facilitates the mobility
of ions along with addition of external ions which causes the
increase in conductivity in nanocomposite samples as
compared to pure LC. Maximum decrease of 57% in the
ionic conductivity of the nanocomposite system for CZOR <
CZOR* is also observed due to adsorption of ionic impurities by
ZOR. The variation of σ as a function of CZOR in 8CB is shown
in Figure 6c, which shows that the value of σ becomes almost
constant after attaining a maximum at CZOR = 0.5 wt %. The
analysis of temperature dependence of bulk conductivity shows
that it can be satisfactorily described by the Arrhenius

relationship, ( )exp E
k T

A= , where EA is the thermal

activation energy. The variation of activation energy with
increasing concentration of ZOR in 8CB is shown in Figure 6d
for both components of bulk ac conductivity. The behavior of
bulk conductivity of ZOR nanocomposites of 8CB can be
explained using a simple model of thermal activation.48,49 As
observed from Figure 6d, the thermal activation energy
becomes almost constant for CZOR ≥ 0.5 wt %, that is, when
the host LC molecules are almost vertically aligned in the
presence of ZOR.
To understand the role of ZOR in the VA of 8CB molecules,

FTIR spectra of pure and ZOR nanocomposites of 8CB are
recorded. The ATR−FTIR spectra recorded in the range 400−
4000 cm−1 of pure and ZOR nanocomposites of 8CB are
shown in Figure 7a. The IR band at 1792 cm−1 which is
assigned to the bridging C�O band is observed in all ZOR
nanocomposites and not observed for pure 8CB (Figure 2).
The characteristic bands of 8CB are identified,50 and the
integrated absorption for some of the bands as a function of
concentration of ZOR in 8CB are shown in Figure 7b. It can
be noted from the variation that the integrated absorption
increases due to incorporation of ZOR. The absorption of a
given band depends on the interaction of the corresponding
transition dipole moment and the IR field. In a planar cell filled
with pure LC, molecules lie nearly flat to the surface.
Therefore, the volume density of the transition dipole
moments is expected to be least in this geometry. This gives
rise to least absorption for any bands where the molecules are
constrained in planar geometry. Similarly, in the homeotropic
geometry, the volume density of the transition dipole moment
of a given band is expected to be large which gives rise to the
highest value for the absorption band. These behaviors are
clearly seen from Figure 7b. Due to incorporation of the ZOR,
the planar alignment of the molecules gets perturbed and a
fraction of molecules show a tendency to align vertically. Due
to this perturbed alignment with the increase in CZOR, an
increasing trend in the absorption values is observed. The
samples with CZOR ≥ 0.5 show a complete homeotropic
alignment. The intermediate concentration ranges 0.2−0.4 wt
% of ZOR may indicate the transition wherein both the planar
and homeotropic alignments coexisted.
Further, the XRD patterns of pure and ZOR nano-

composites of 8CB are recorded. The peak in the low-angle

Figure 7. (a)ATR−FTIR absorption spectra and (b) variation of absorption intensity of IR bands as a function of CZOR of pure and ZOR
nanocomposites of 8CB.
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region (<6°) as shown in Figure 8 arises due to scattering by
the LC molecules. The layer spacing (d) corresponding to 2θ

∼ 3.09° is 24.86 Å, which is typical of the partial bilayer
structure of pure 8CB in the SmA phase.51,52 With the increase
in the concentration of ZOR, this peak gets broadened.
However, the emergence of a new peak at 2θ ∼ 5.5° is
observed for ZOR nanocomposites of 8CB for CZOR ≥ CZOR*
corresponding to the layer spacing of 13.92−13.6 Å which
clearly indicates that there is change in the partial bilayer layer
spacing of ZOR nanocomposites of 8CB due to the
coexistence of homeotropic and planar domains.
A model is proposed based on the observed results as shown

in Figure 9 showing the role of ZOR in the VA of host 8CB
molecules. The molecular length of oleic acid functional group
(∼19.2 Å) is comparable to that of the host 8CB molecule
(∼22 Å). Also, the molecules of 8CB can have pretilt angles
upto 22° with respect to the substrate surface as reported
earlier.53 When the concentration of ZOR is low in the
nanocomposite samples, the nanorods are preferentially near
the substrate surface where the anchoring energy of the
substrate holds the host LC molecules to exhibit the planar
configuration (schlieren texture in case of uncoated cells).
With further increase in the concentration of ZOR, the
nanorods in the bulk of the system cause the host LC
molecules to align vertically achieving homeotropic config-
uration. The van der Waal’s interaction between the oleic acid
functional group and the 8CB molecule might help the host
LC molecules overcome the anchoring energy of the substrate
surface to align in the homeotropic configuration.

4. CONCLUSIONS
ZOR are synthesized using the reflux method. The crystalline
phase and morphological structures of the synthesized ZOR
are confirmed using powder XRD and FE-SEM measurements.
Nanocomposites of positive dielectric anisotropy LC, 8CB,
with synthesized ZOR are prepared. Homeotropic alignment

of host LC molecules is observed for ZOR concentration
above the critical concentration of 0.2 wt % in 8CB. The VA
can be achieved in unaligned ITO cells as well, which signifies
that interaction of ZOR with host LC is responsible for VA of
LC molecules. The nematic temperature range increases in
ZOR nanocomposites of 8CB at CZOR < CZOR* due to an
increase in the net dipole moment of the system and hence the
order parameter. Maximum decrease of 57% in the ionic
conductivity of the nanocomposite system for CZOR < CZOR* is
also observed due to adsorption of ionic impurities by ZOR.
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Figure 9. Schematic representation of VA of 8CB due to incorporation of ZOR.
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