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Abstract: Organic–inorganic composite based on liquid crystalline and TiO2 nanoparticles were obtained and investigated 
taking into account the crystallographic form of TiO2 i.e., anatase/rutile mixed phase. TiO2 is an important class of material 
having various dielectric and electro-optical properties. The existent research presents the electro-optical properties of nematic 
liquid crystal (NLC) E204 and TiO2 nanocomposites over an extensive range of frequencies. Various important display 
parameters such as response time, threshold voltage, pretilt angle and activation energy of pristine as well as TiO2 doped 
composites systems were measured and analyzed. In comparison with the pure, TiO2-doped composite systems has 
approximately 50% faster response time, owing to its remarkable decline in the relaxation time and activation energy of the 
LCs. The alteration in the optical intensity of the NLC composites as a function of the concentration of TiO2 nanoparticles 
(NPs) was also examined. It was established that the optical intensity in nano-nematic composites was decreasing with the 
concentration of TiO2 NPs. Also, it was observed that an escalation in the TiO2 NPs concentration in NLC composites indicates 
to an escalation in the birefringence. Probable mechanisms of the interactivity between NLC molecules and TiO2 NPs have 
been discussed. The current work shows that the TiO2 NPs doping has an encouraging application in the display devices, 
including other electro-optical as well as photonic applications. 
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1. Introduction 

Liquid Crystals (LCs) are composed of moderate size 
organic molecules having properties between solids and liquids. 
This is a strange form of matter which generated the curiosity 
in scientists of the previous century. They are extensively used 
in industries with wide range of applications which is still 
growing. LCs are classified in broad categories but it is mostly 

thermotropic liquid crystal (LC) that are used in photonic 
applications. The LCs in which phase transitions occur due to 
change in temperature are called thermotropic [1] Liquid 
crystalline materials, themselves being a blend of crystalline 
solids and isotropic liquids lead one into the heartland of 
interdisciplinary science where organic chemistry, physics and 
material science meet. Nematic phase of liquid crystals has 
bagged ample focus because of its widespread scope both in 
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fundamental science and its applications. The rod-like simple 
structure of this liquid crystalline phase has made it the first 
choice of researchers around the globe. Nanoparticle-LC 
composite system, as a subject area has arisen from the 
interaction of two well-established sciences. One is liquid 
crystal science that has observed a tremendous upsurge of 
interest due to its application in display devices which in turn 
has fueled it with funds and new challenges. Nanomaterial 
science, comparatively, is somewhat younger but has marked 
its presence as of new materials with novel processing 
capabilities and with the prospect of unique combinations of 
properties. The amalgamation of LCs with nanomaterials is of 
emerging concern for the soft condensed matter researcher and 
has been studied widely in the recent years [2-4]. In the 
literature, there are acceptable confirmations according to 
which doped NPs enhance the properties of host LCs [5-7]. A 
lot of exertions have been put to enhance the properties of LCs 
by dispersion of various metal NPs such as gold nanoparticles 
(GNPs) [8-14], silver nanoparticles (Ag NPs) [15-19], dyes 
[20-22], TiO2 NPs [23-26] quantum dots (QDs) [27, 28], 
carbon nanotubes (CNTs) [29, 30], polymers [31, 32] and 
nanorods [33-35]. 

Titanium dioxide (TiO2) is an important material for various 
technological applications. It has gained considerable attention 
in device applications. The vast permittivity and refractive index, 
non-toxicity, chemical inertness and potential photocatalytic 
activity of TiO2 NPs have made it a great candidate for photonic 
applications (especially for Guest-Host interactions). Generally, 
three distinct polymorphs of TiO2 exist in the nature, which are 
anatase, rutile (both tetragonal crystal systems) and brookite 
(orthorhombic crystal system). Among these, anatase phase 
exhibits best photocatalytic properties, followed by rutile and 
brookite. Under comprehensive conditions, macrocrystalline 
rutile phase is thermodynamically more stable than anatase and 
brookite. In the ambient environment, the average particle size 
of anatase phase is below 11 nm, brookite phase is between 11 
nm to 35 nm and rutile phase is above 35 nm [36]. In guest-host 
applications anatase phase is extensively castoff as a dopant 
material in LC investigations due to its high optical activity. For 
instance, the photoluminescence (PL) intensity of the anatase 
TiO2 NPs doped with antiferroelectric liquid crystal (AFLC) 
materials has been augmented due to constructive combined 
emissions from TiO2 NPs and AFLC as they have conjoint 
wavelength span in their emission bands [37]. C. Y. Huang et al. 
[38] Examined silane coated anatase TiO2 NPs in high dielectric 
anisotropic nematic LC and found suppressed screen effect, 
decreased threshold and driving voltage, also decreased order 
parameter. P. C. Wu et al. [39] found suppressed ionic effect and 
promoted voltage holding ratio (VHR). Moreover, H. Ayeb et al. 
[40] reported about 5% enhancement in order parameter by the 
dispersion of pure and copper doped TiO2 NPs in 5CB LC. It is 
worth to notice that the assorted phase of anatase/rutile TiO2 
nanoparticles is a reliable candidate to fabricate high 
performance display devices owing to its extraordinary 
photocatalytic activity, refractive index, dielectric constant and 
optical activity [41]. So, by espousing a well-judged 
combination of anatase/rutile phase of TiO2 NPs exciting results 

in the LC can be acquired. However, the electro-optical and 
dielectric properties of mixed phase anatase/rutile TiO2 NPs 
present in the low viscous nematic LC have been reported rarely 
in literature. 

Herein, we examined E204, a low viscous nematic liquid 
crystal, doped with mixed phase anatase/rutile TiO2 
nanoparticles. Different concentration of TiO2 NPs has been 
used to quantify electro-optical characteristics for the 
enhancement of various display properties. The TiO2 NPs have 
a reduced dimension with superior aspect ratio; therefore, they 
play the key role in enhancing many catalysis activities. TiO2 
NPs have engrossed sufficient consideration as proficient 
application in LC devices because they have high permittivity 
and refractive index, with non-toxic and chemical inert nature. 
Also, they are highly cost effective. To explain the faster 
response time, the physical properties of NLCs have been 
quantified. Herein, the influence of doping TiO2 NPs on the 
display characteristics of nematic liquid crystal (NLC) which 
can perturb the dynamic response time, dielectric anisotropy, 
threshold voltage and pretilt angle have been stated. The 
birefringence of pure and dispersed LCs has been described. 
The significant reduction in the transmission intensity has been 
detected in the TiO2 doped LC cell. The voltage dependent 
transmission spectra have been used to estimate the threshold 
voltage of pristine and doped LC cells. Dielectric spectra of the 
TiO2 doped LC cells have also been quantified to identify the 
dielectric anisotropy of LCs. The pretilt angle of the molecules 
out of the plane of the glass plate is obtained as a function of 
the applied voltage. It was analyzed that TiO2 NPs doping 
descents the order parameter. Then it can be estimated that 
TiO2-doped LC cell has conveyed nearly two-fold faster 
response time than the intrinsic one. 

2. Materials and Methods 

A mercantile NLC material, namely, E204 (BDH 
Chemicals Ltd, UK) was employed in contemporary research. 
The host BDH mixture E204 is a low-viscous mixture with 
extensive functioning temperature range based on 
fluorobiphenyl component. The E204 has positive dielectric 
anisotropy (∆ε) 6.4 at 1kHz, clearing point 89.8°C, viscosity 
24.8 centistokes (cSt) at 20°C and the optical birefringence 
(∆n) of the LC at 589 nm and 20°C was 0.142 [42]. In this 
study, TiO2 NPs with rutile phase (Sky Spring Nanomaterials, 
Inc., USA) were used as a guest material. The rutile and 
anatase phase of TiO2 NPs have the dielectric constant 86 to 
170 (depending on the crystal rotation) and ~40 respectively 
[43]. The average dimension of the NPs was ~40 nm, much 
less than the wavelength of visible light hence inhibited the 
optical scattering properties. 

2.1. Experimental Details and Measurement Techniques 

This section includes the instruments and experimental 
procedures castoff in the investigation. Scanning electron 
microscopy (SEM) was done using Quanta 200 which 
revealed the morphology of nanoparticles. X-ray diffraction 
(XRD) was executed by exhausting X-ray diffractometer 
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Rigaku Miniflex 600 with control voltage/current of 20 kV/ 2 
mA (under XG operation) using CuKα radiation (1.54 Å) and 
2θ ranging from 20° to 80°. The dielectric properties of pure 
and doped LC cells were quantified using an LCR meter 
(Hioki 3532-50, Nagano Prefecture, Japan). The applied field 
(AC) to the cell was 0.01 V/µm whereas frequency was 
diversified from 42 Hz - 5.5 MHz. Further, dielectric 
permittivity (ε′) and dielectric loss (ε′) respectively were 
obtained from the relations given in equations (1) and (2): 

' p

o

C d

A
ε

ε
=                                      (1) 

''

2 o p

d

f AR
ε

π ε
=                               (2) 

Here, Cp = capacitance,  
d = cell thickness,  
A = active surface and  
Rp = resistance of LC layer  
The pre-tilt angles of doped cells were quantified by 

employing the crystal rotation technique [44]. The voltage-
transmittance (T-V curve) of the intrinsic and doped cells 
were obtained by exhausting self-designed experimental 
setup wherein a 10 mW He-Ne laser (wavelength 632.8 nm) 
was incident perpendicularly on the sample cell which was 
mitigated by the ND filter. The waveform of the applied 
voltage was square wave having frequency 1 kHz. The 
sample cell was located between a pair of crossed polarizers 
in such a way that it forms an angle of 45° along the 
transmission axis of the polarizer and the rubbing direction of 
the cell. The response time was obtained by optical switching 
method for the intrinsic and nano-nematic complexes [14]. 
The relationships among fall time (τoff), rise time (τon), 
threshold voltage (Vth) and rotational viscosity (γ) is 
discerned by the equations 3-5 when the applied voltage (Vapp) 
is much higher than Vth [45]. 
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Here τ0 denotes the relaxation time constant when the LC 
cell is turned off from Vapp slightly higher than Vth, K11, Vbias 
and d represents the splay elastic constant, bias voltage and 
cell thickness respectively. The τon / τoff is the time required for 
the maximum transmittance intensity to change from 10% to 
90% and 90% to 10% respectively. For τon, the voltage rises 
from 2.5 V to 10 V whereas for τoff, it falls from 10 V to 2.5 V. 

The birefringence (∆n) of LC is a mesmerizing 
characteristic owing to its essential significance in LC 
devices. The birefringence (∆n) is defined as the difference 
between extra-ordinary (ne) and ordinary (no) components of 
the refractive index of material. The details about 
birefringence measurement are given in reference [14, 46]. 
The optical birefringence of weakly polar nematic and TiO2 
NPs doped composites has been obtained by equation 6. 

2 d nπφ
λ

∆∆ =                                 (6) 

Here, ∆φ = phase difference,  
d = cell thickness,  
λ = wavelength of He-Ne laser. 

 
Figure 1. Structure of the sample cell (single pixel) (a) Vertical aligned and (b) Homogeneously aligned LC cells used in the present investigation. 
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2.2. Sample Cells Preparation 

Commercially obtainable optically flat indium tin oxide (ITO) 
substrates were employed as electrodes for the fabrication of 
sample cells. These ITO substrates have transmittance more than 
90% and resistance 10 Ω/mm2 (Chipset Technology Co. Ltd., 
Miaoli, Taiwan). A homogeneous layer of negative photoresist 
(NPR) onto the conducting surface of the well cleaned glass 
substrates by spin coating technique was deposited. Further, 
these substrates were placed on the hotplate at 100°C for 3 min. 
Then, the photomask of desired pattern was applied on the plates 
and they were exposed to the UV light for 100 s. The substrates 
were then dipped in developer (~40 ml) for 40 s and washed 
with reverse osmosis (RO) water and kept on the hotplate for 5 
min. Further, these plates were dipped in etchant containing 
beaker at 60°C for 120 s. These plated were then washed with 
RO water followed by acetone and kept in oven at 80°C for 20 
min and 200°C for 80 min. Finally, the baked substrates were 
subjected to antiparallel rubbing treatment, assembled by using 6 
µm mylar spacer between them and sealed with glue. Finally, the 
width was inveterate by optical interferometric technique to be 
~6.1±0.05 µm. The material was filled into the cell with 
capillary action above the isotropic temperature of the material. 
The proper alignment of the LC molecules was tested by placing 
the sample cell under the crossed position of the optical 
polarizing microscope (POM) as shown in Figure 1 [24]. 

3. Results and Discussion 

Figure 2 (a and b) shows the Scanning Electron 
Microscope (SEM) image and X-ray diffraction (XRD) 
pattern of TiO2 NPs. SEM analysis confirms that the NPs are 
almost spherical in shape with average diameter of ~40 nm. 
XRD reveals the crystal nature of the material. Both the 
position and intensity of lines in the X-ray spectrum are 
characteristic of the particular phase and provide a fingerprint 
of the material. Peaks of the rutile phase corresponding to 
(110), (101), (111), and (220) planes appear at 27.37°, 36.02°, 
41.16°, 56.53° respectively and confirms the of the rutile 
phase of the material as compared from the standard data 
(JCPD card no. 77-0441). Crystallite size was estimated 
using Scherrer's formula given in equation 7. 
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Here, λ, θ and β1/2 represents the wavelength of X-ray, 
Bragg's angle and full-width at half maximum (FWHM) 
intensity respectively. The assessed crystallite size of the NPs 
was found in the range ~35 to 40 nm which is consistent with 
the size asserted by the supplier. 

 
Figure 2. (a) Scanning electron microscopic (SEM) image and (b) X-ray diffraction pattern of the TiO2 NPs. The abbreviations A and R represent the anatase 

and rutile phases, respectively. 

Figure 3 depicts the dielectric spectra of homogeneously-
aligned (HA) and vertically-aligned (VA) TiO2-doped LC 
cells. Figure 2 (a and b) epitomizes the deviation of 
perpendicular and parallel component of dielectric 
permittivity (ε′⊥ and ε′||) analogous to frequency for intrinsic 
E204 and doped LC cells at room temperature (RT). Here, 
two fascinating factors have been observed, viz.: (i) TiO2 
doping upsurges the permittivity (ε′) and dielectric loss (ε′′) 
of both (HA & VA) LC cells; (ii) Dielectric anisotropy (∆ε = 
ε|| - ε⊥) appears to decrease slightly with rise in the amount of 
TiO2. In the HA cell, the LC molecules are located parallel to 

the glass plates. Therefore, normal to the direction of applied 
electric field. Similarly, in the VA cell, LC molecules are 
oriented perpendicular to the substrate hence parallel to the 
direction of applied electric field. An externally applied 
electric field to the dielectric medium takes the system to the 
new equilibrium state through dielectric relaxation. Dielectric 
relaxation is accredited to the reason that electric 
displacement necessitates a fixed time to attain the 
equilibrium. Since on ITO electrode, finite resistance of the 
LC cell and the inductance of the copper tape can also 
influence the relaxation mode significantly, subsequently, for 
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the endorsement of relaxation mode of the LC cells, the 
dielectric spectra of the empty cell were also quantified and 
found that the relaxation mode of the empty cell is at ~10 
MHz at RT. Notably, the relaxation frequency is sturdily 
reliant on temperature. These relaxation times are related 
with the molecular polarization rotation time around the short 
or long molecular axis of NLCs [47]. 

The relaxation frequency of HA cell was detected at 2.74, 
3.00, 2.68 and 2.80 MHz and for VA cell at 0.70, 0.76, 0.88 
and 1.10 MHz for pristine E204, 0.1 wt%, 0.5 wt% and 1.0 
wt% TiO2 concentration respectively (Figure 3 (a) and 3 (b)). 
The relaxation frequency (f ||) of VA cell is slightly lower than 
the relaxation frequency of HA cell (f ⊥); i.e. the relation τ 
=1/2πf signifies that τ|| of dielectric polarization is slower 
than the τ⊥ as shown in Figure 3. Where the relaxation 
frequency of NLCs is the peak frequency of dielectric loss. 
The τ|| and τ⊥ correspond to molecular polarization times 
around the short and long molecular axis of NLCs [48]. In 
case of positive dielectric anisotropic NLC, polar substituents 
are used to induce the permanent molecular electric dipole 
moment, parallel to the long molecular axis of NLC 
molecules, so that the dielectric relaxation caused by polar 
substituents, corresponds to τ|| term. 

The frequency dependent dielectric loss and relaxation 
time of VA cell of TiO2 NPs doped LC were quantified to 
ascertain the impact of TiO2 NPs on the motion of NLC. The 
relaxation frequency of dielectric loss of VA cell (peak 

frequency fp
||) was moved towards higher frequency regime 

with the dispersion of TiO2 NPs (Figure 3 (d)). This 
relaxation mode was subsequently associated with the short 
molecular axis of LC molecules reorientation. The relaxation 
time (τ||) of the positive dielectric anisotropic NLCs can be 
associated with the relaxation frequency by τ||=1/2πfp

||. The 
relaxation time is also linked with the potential barrier 
parameter (η) by using the expression η = b/RT, where b is 
the height of the potential barrier around the short molecular 
axis, R is the gas constant and T is the ambient temperature. 
Meier and Saupe found that η is proportional to the relaxation 
time [48]. In the present study, pure E204 has lower 
relaxation relative to the doped cells which correspond that 
doped LCs have faster relaxation time. Consequently, TiO2 
doping declines the height of the potential barrier around the 
short molecular axes of the LCs, thus drops the associated 
rotational viscosity (γ) of the system [49]. Which further 
escalates the response time of the TiO2 dispersed system. 
Remarkably, the measured relaxation frequency of the LC 
layer should be smaller than that of exact relaxation 
frequency attributable to the impact of cell relaxation. The 
exact relaxation frequency of the LCs can be assessed by 
knowing the precise value of inductance of the copper tape 
and ITO resistance. The influence of TiO2 on LCs can be 
detected and elucidated. Figure 3 (e) shows ∆ε (of pure and 
doped LCs) slightly reduces with increasing TiO2 NPs 
concentration. 
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Figure 3. Dielectric spectra of HA sample depicting (a) dielectric permittivity, (b) dielectric loss; VA sample showing (c) dielectric permittivity, (d) dielectric 

loss and (e) dielectric anisotropy of LC cells with various concentration of TiO2 NPs. 

 
Figure 4. Variation of (a) Pretilt angle and (b) relaxation time and activation energy of LC cells corresponding to TiO2 NPs concentration. 

The pretilt angle of the LC cells doped with 0.1 wt% to 1.0 
wt% TiO2 NPs were analysed by crystal rotation method using 
the transmittance measurement [44]. The pretilt angles of pure 
E204, 0.1 wt%, 0.5 wt% and 1.0 wt% TiO2 NPs doped samples 
were found 2.1°, 2.8°, 3.2° and 4.1° respectively as shown in 
Figure 4 (a). Numerous mechanisms have been studied to 
explain the pretilt angle [50]. The mechanism of change in 
pretilt angle has been explained ahead. 

This phenomenon is due to the adsorption of NPs on the 
inner surface of LC cells [51, 52]. The adsorption of the NPs 
on the substrates mediated and lowered the surface tension of 
the substrates, subsequently modified the pretilt angle of LC 
molecules (Figure 4 (a)). The small amount of NPs allowed 
little increment in the pretilt angle from 2.1° to 4.1°. The 
relaxation time and activation energy followed the analogous 
trend as tilt angle but in opposite manner as shown in Figure 
4 (b). The relaxation times of pure, 0.1 wt%, 0.5 wt% and 1.0 

wt% TiO2 NPs doped samples were 0.235 µs, 0.210 µs, 0.176 
µs and 0.154 µs respectively. The adsorbing NPs on the 
surface of the substrate made it little bit easy to reorient the 
LC molecules in their vertical tilt position and this took less 
time to relax the doped LC molecules as compared to pure 
one. Activation energy analogous to TiO2 NPs is also 
demonstrated in Figure 4 (b). The activation energies of pure, 
0.1 wt%, 0.5 wt% and 1.0 wt% TiO2 NPs doped samples 
were 0.227 KJ/mole, 0.210 KJ/mole, 0.181 KJ/mole and 
0.165 KJ/mole respectively. The reduction in the anchoring 
energy was due to the downfall in the relaxation time. The 
activation energy diminished with the growing amount of 
NPs. The decrement in the value of activation energy means 
fast relaxation of the LC molecules. The fast relaxation of the 
LC molecules is accredited to the electric properties of 
spherical TiO2 NPs as is explained further in the theory of 
response time [50-53]. 
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Figure 5. (a) Transmission spectrum and (b) Voltage dependence of transmittance (T-V) curves and (c) CIE 1931 color chromaticity diagram of the NLC cells 

at different TiO2 NPs doping concentration. 

Figure 5 (a) epitomizes the transmission spectra of the 
TiO2-doped LC cells in the visible range of the 
electromagnetic spectrum (400 and 700 nm). The light loss of 
~8% (dropped from 78% to 70%) occurred because TiO2 
doping altered the refractive index of LC mixture thus 
increasing the refractive index mismatch between the 
surfaces of glass substrates and LC layer. The voltage 
transmittance (T-V) curves of the intrinsic, 0.1 wt%, 0.5 wt% 
and 1.0 wt% TiO2 NPs doped samples are epitomized in 
Figure 4 (b), which were then used to calculate the threshold 
voltage by transferring them into phase curves. As the 
applied electric field increased, the transmittance remained 
constant up to initial distortion in electrically controlled 
birefringence (ECB) mode of LC then it decreased rapidly to 
zero and increased rapidly to the driving voltage and then 
decreased until saturation threshold not reached. The voltage 
corresponding to 90% transmission in phase curves is 
demarcated as threshold voltage. The threshold voltage was 
found decreasing with increasing TiO2 NPs doping 
concentration. The voltage at which the LC molecules starts 
rotating is called threshold voltage (Vth), which defines the 

minimum voltage required for the specific LC cell to work. 
The pure LC cell unveiled the highest value of threshold 
voltage 1.3 V while that of 0.1 wt%, 0.5 wt% and 1.0 wt% 
TiO2 NPs doped samples were 1.0 V, 0.9 V and 0.8 V 
respectively, i.e. the threshold voltage reduced by 38 % 
approximately. Whereas, the decrease in the driving voltage 
(Vd) (~9%) was also detected by the dispersion of TiO2 NPs. 
The T-V curve also demonstrates that the standard static 
contrast ratio (inset figure 5b) of the TiO2 doped LC cells has 
been reduced as compared to pure E204 at 10 V. The 
reinforced electric field around the TiO2 NPs with the LC 
director encouraged the electro-optical response by the 
dropping the threshold voltage (Vth) and driving voltage (Vd) 
of the LC mixture. The reduction in Vth occurred by the 
effective dielectric anisotropy (εNPs, LC > εLC) of the 
composite system, which turned in a larger torque for the 
blend (εNPs, LC. E

2
 > εLC. E

2), instigating faster LC alignment. 
Locally oriented TiO2 NPs have fundamental dipole moments 
and align very rapidly along the direction of the applied field, 
in turn driving a faster alignment of the TiO2 doped mixture 
resulting in superior switching properties relative to the 
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intrinsic LC. Also, lowering of threshold voltage is an 
imperative prerequisite for conventional display devices, 
because it necessitates a diminution in power consumption. 
The field ‘‘on–off’’ electro-optical responses with TiO2 NPs 
doped at various concentrations exhibited faster response 
times compared to pure E204 (Figure 6). The lower Vth and 
faster response time are essential from the outlook of 
applications of LC devices. Amalgamations of TiO2 NPs with 
LCs might meet subcomponent fabrication criterions, and 
proposes manufacturing potentials with wide viewing angles 
and better contrast ratios and faster switching time. 

Figure 5 (c) shows the Commission Internationale de 
ĺÉclairage (CIE) 1931 chromatographic coordinates’ diagram, 
which elucidates the stimuli-induced color transformation. 
The luminescence parameters entitles that the intensity and 
color of the luminescence faintly varies with the increase in 
TiO2 NPs concentration, indicating TiO2 NPs doping does 
result in color shifts of the LC cell because it has an 
absorbance in short wavelength region. The color shift lies on 
the black body locus on the chromaticity diagram which have 
its own technological importance in display industry. 

 
Figure 6. Fall time of the NLC with various TiO2 concentrations at RT. 

Table 1. CIE color coordinates (x, y) of TiO2 NPs -doped LC cell at RT. 

TiO2 NPs Concertation (wt%) x y 

Light Source 0.4302 0.4206 
Empty Cell 0.4612 0.4266 
Pure E7 0.2335 0.1622 
Pure TiO2 NPs 0.5322 0.4440 
0.10 0.2887 0.2470 
0.50 0.2978 0.2610 
1.00 0.3352 0.3273 

Figure 6 shows the fall time of the intrinsic and NPs 
doped LC analogous to the applied electric field for a planar 
aligned cell at RT. In this experiment, the rise time of the 
TiO2-doped LC cells was approximately persistent to ~963 
µs at RT, as a result of the same turn-on voltage. 
Remarkably, the fall time of TiO2 doped LC cell decreased 
with growing TiO2 concentration. The fall time of pure, 0.1 
wt%, 0.5 wt% and 1.0 wt% TiO2 NPs doped samples was 
found 14 ms, 13 ms, 10 ms and 8 ms respectively. The 
fastest response time (rise time + fall time) was observed 
for 1 wt% TiO2 NPs doped LC. 

The diminution in the response time and threshold voltage 
is explained here. Under an applied voltage, just outside the 
spherical NPs, the field is perpendicular and charge 
distribution takes place in such a way that it kills the 
tangential component of electric field. Because of the surface 
charge density of the TiO2 NPs, they change the path of the 
electric field lines (as shown in Figure 7) which is known as 
spontaneous polarization electric field (SPEF). Near TiO2 
NPs, the electric field lines are more focused and hence 
electric field strength around the spherical NPs considerably 
increased. Due to this strong field, the LC molecules fall very 
quickly when the field goes to off. Hence this mechanism 
explains the lower threshold voltage and faster response time 
of TiO2 NPs doped LC samples. 

 

 
Figure 7. The schematic diagram of molecular arrangement of NLC and NPs (a) normal pretilt due to anchoring energy of polyimide layer (b) enhancement of 

pretilt angle by adsorption of TiO2 NPs on the substrate and (c) spontaneous polarization electric field (SPEF) of TiO2 NPs to provide additional restoring 

force to the NLC media. 
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Figure 8 demonstrates the alteration of birefringence (∆n) 
relative to temperature for intrinsic and TiO2 NPs doped LCs 
at certain wavelength. The birefringence of pure, 0.1 wt%, 
0.5 wt% and 1.0 wt% TiO2 NPs doped samples was 0.155, 
0.165, 0.175 and 0.185 respectively. The alteration of the 
birefringence reflecting the nature of local orientational order 
as well as refractive index mismatch between the surfaces of 

glass substrates and LC layer in the pure and NPs dispersed 
LCs. As explained in previous section that the TiO2 doping 
modulates the refractive index of LC mixture and hence 
increases the refractive index mismatch among the surfaces 
between glass substrates and LC layer, therefore, the local 
orientation and refractive index mismatch attributes to the 
small increment in the birefringence [52]. 

 
Figure 8. Variation of (a) output intensity, (b) phase shift and (c) birefringence relative to temperature for intrinsic and doped LC. 

4. Conclusion 

The influence of TiO2 NPs on E204 LCs was explored in 
the current article. The strong interactivity between the TiO2 
NPs and LCs was endorsed by dielectric and electro-optical 
measurements. Moreover, TiO2 doping reduced the activation 
energy (E) of the LC mixture, subsequently, the rotational 
viscosity (γ) of the system. Decrease in γ, accelerated the 
response time (nearly two-fold) of the TiO2 dispersed system. 
The response time was also elaborated considering strong 
field near the LC molecules, due to which the molecules fell 
very quickly when the field goes off. The fast relaxation time 
(~36%) of the LC molecules was also described considering 
the electric parameters of spherical TiO2 NPs. A little bit rise 
in the tilt angle was observed which might be because of the 
adsorption of NPs on the surface of the substrate. The local 
orientation and refractive index mismatch accredited to the 
small increment (~19%) in the birefringence. The present 
work revealed that TiO2 NPs doping has a better application 
in the electro-optical as well as photonic applications. Future 
work involves the investigation of dielectric and electro-

optical performances of LC-TiO2 composite systems and 
optimization of threshold limit of the concentration by 
different dispersion methods such as by using different 
solvents and fine bead mill method for the optimization of 
best results for the development of better electro-optical 
devices. 
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