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In this study, zinc oxide (ZnO) nanoparticles were synthesized by spray pyrolysis method. The properties of
ZnO nanoparticles are determined by means of scanning electron microscope (SEM), X-ray di�raction (XRD) and
UV-vis spectroscopy. Nematic liquid crystal mixture E7 was doped with 1, 2, and 4% ZnO. We investigate electrical
and optical parameters of pure and doped nematic liquid crystal mixture E7. The experiments related to voltage
dependence and light transmittance of the pure and doped E7 were carried out. The values of threshold voltage,
total phase retardation and birefringence are examined. The results show that doping zinc oxide nanoparticles into
liquid crystal mixture E7 decreases threshold voltage signi�cantly.
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1. Introduction

Organic materials have been increasingly examined
over the past three decades due to their potential ap-
plication areas and interesting properties. Speci�cally,
liquid crystals (LCs), as a fourth state of matter, are used
for di�erent electro-optic devices. Liquid crystal displays
technology plays a key role at the notebook, computer
displays and �at TV, because of showing full range of
color, lower power consumption and using lower space [1].
In 2006, annual sales of LCs was more than 100 billion at
the industrial applications [2]. They are also used at the
di�erent areas such as; electro-optic �lters [3], hologra-
phy [4, 5], digital data storage [6�8], and biosensors [9].
Generally, wide temperature range of the LCs phase,

high optical and dielectric anisotropy and fast switching
time are required for modern LCs industrial applications.
Synthesizing new LCs or composing liquid crystals mix-
ture [10] and using guest materials are two basic meth-
ods for obtaining LCs with these properties, thus per-
formance of the device that uses liquid crystals strongly
depends on LC and guest materials [11, 12].
Dye, polymer and nanoparticles are main types of

guest materials. The 1% dye doping in nematic liq-
uid crystals increases reorientation of the nematic liquid
crystal (NLC) up to twice [13] and it was found that
doping dye into nematic liquid crystals decreases thresh-
old voltage by almost 25% and threefold the refractive
index modulation [14]. Moreover, critical frequency de-
creases with doping Disperse Red 1 dye to NLC [15].
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Combination of polymer doped liquid crystals (PDLC)
and holography create a new material holographic PDLC
(H-PDLC) and these new materials have been used in
many new applications [16]. The last guest material
for enhancement of the performance of LCs devices is
nanomaterials. Doping nanomaterial in LCs enhances
the properties of LCs. In literature, di�erent type of
nanomaterials are used for this purpose such as metal-
lic nanoparticles [17], ferromagnetic nanoparticles [18],
semiconducting nanoparticles [19] and carbon nanoma-
terials [1, 20].
Due to the simple production, having large band gap

energy 3.37 eV and high exciton binding energy 60 meV,
ZnO nanoparticles (NPs) are used in lot of application
areas from electronics to optics; solar cells to gas sen-
sors [21]. In 2009, it was found that doping zinc oxide
NPs to nematic liquid crystals considerably decreased
threshold voltage and this may help the lower energy
consumption of liquid crystals devices [22]. Moreover,
zinc oxide NPs increased the temperature range of the
LCs phase [23] and enhanced orientation of liquid crys-
tals [24]. In this study, ZnO NPs were synthesized by a
simple spray pyrolysis method. The properties of ZnO
NPs are determined by means of scanning electron mi-
croscopy (SEM), X-ray di�raction (XRD) and UV-vis
spectroscopy and then nematic liquid crystal mixture E7
was doped with 0, 1, 2, and 4% ZnO NPs. Electrical and
optical properties of these samples were investigated.

2. Experimental detail

2.1. Material

The liquid crystal used in this experiment was the com-
mercial eutectic nematic mixture E7 (obtained from Syn-
thon Chemicals) that has a positive dielectric anisotropy
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given in Fig. 1. LC cells were on indium-thin oxide (ITO)
coated glass substrate with planar alignment layer and
the thicknesses of cells were about 8 µm controlled by
spacer. The cells were purchased from Instec, Inc.

Fig. 1. Chemical composition of the nematic liquid
crystals mixture E7.

2.2. Method

ZnO NPs were synthesized by spray-pyrolysis meth-
ods. The production schema of zinc oxide NPs is shown
in Fig. 2. Zinc nitride (Zn(NO3)2·6H2O) salt was used
to prepare NPs. 0.5 M solutions were formed by using
100 ml pure water. The solution evaporated with the aid
of ultrasonic nebulizer and passed through tube furnace
having 600 ◦C temperature and then evaporated solution
collected to the inner side of container whose outer side
was covered with water. The obtained NPs were inverted
to powder by help of centrifuge and then stored for anal-
ysis. LC and ZnO NPs were dissolved in chloroform, and
then they were mixed together for several hours until they
became homogeneous, using an ultrasonic bath at 65 ◦C
and a mechanical stirrer at room temperature. The mix-
ture was left for one night in order to fully evaporate chlo-
roform. Afterwards, 0, 1, 2, and 4 wt% ratio of ZnO NPs
were used to prepare NLC mixtures. Empty cells were
�lled with the NPs doped NLC mixture by capillary ac-
tion at the 10 ◦C above the LC clearing point. The edges
of the samples were sealed by epoxy. The voltage de-
pendence of dielectric constant of these materials were
measured by using a HP 4194A impedance analyzer with
the applied voltage range 0�40 V at room temperature.
Voltage dependent optical transmittance experiment

was performed by laser, polarizer analyzer and pho-
todiode. The experimental schema of experiment is
given in Fig. 3. The frequency of voltage adjusted
to 500 Hz and wavelength of laser was 514 nm.
The di�erence between ordinary and extraordinary ray
is called birefringence

∆n = n‖ − n⊥, (1)

where n‖ is the refractive index measured parallel to di-
rector and n⊥ is the refractive index measured perpendic-
ular to director. For electro-optic devices birefringence is
related to light transmission though LCs cell,

Fig. 2. Experimental setup for spray pyrolysis method.

Fig. 3. Experimental setup for optical measurements.

I = I0 sin2 2Ψ(1 − cos δΦ)/2, (2)

where I is the transmitted intensity of light, I0 is the ini-
tial intensity of the linearly polarized beam, Ψ is the an-
gle between polarizer and analyzer and is adjusted to 45◦.
λ is the wavelength of laser and L is the thickness of the
cell. δΦ is the total phase di�erence and it is related to
the birefringence such that

δΦ = (2π/λ)∆nL. (3)

To compute the retardation ΦV at any voltage V ,
Eq. (4) is used [25]. In this equation I is the intensity
of given voltage, Imax is the maximum intensity and n
is the number of oscillation. As the magnitude of ap-
plied voltage increases, the number of n decreases i.e. for

Fig. 4. Variation of dielectric constant with the bias
voltage.
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2.3 < V < 8, n has a value of 0, for 1.4 < V < 2.3, n
has value of 1, for 0.9 < V < 1.4, n has a value of 2 and
0 < V < 0.9, n has a value of 3. In pure E7, for example,
I is 3650 a.u. at zero voltage, Imax is 4430 a.u. and n is 3.
The retardation at zero voltage, Φ0, is 21.124 rad. If the
wavelength of laser and thickness of LCs cell is known,
then the birefringence of E7 at zero voltage can be cal-
culated by help of Eq. (3). If one changes thickness of
cell by an amount of 0.1 × 10−6 then the birefrigence of
system changes about 3.5 × 10−3 i.e. a small change in
thickness a�ects birefrigence of system largely.

Φ = cos−1(1 − 2I

Imax
) + 2nπ. (4)

One of the most important physical properties of the liq-
uid crystalline compounds is dielectric anisotropy (∆ε).
Dielectric anisotropy is described as ∆ε = ε‖− ε⊥ where
ε‖ and ε⊥ are parallel and perpendicular permittivities
to the director of liquid crystals. Perpendicular part
of dielectric constant versus voltage is given in Fig. 4,
and dielectric anisotropy ∆ε values were measured at
100 Hz frequency. Real part of dielectric permittivity
ε′ was de�ned as:

ε′ =
Cd

ε0A
. (5)

Here C, d, ε0, A are capacitance, cell thinkness, the per-
mittivity of free space (ε0 = 8.85 × 10−14 F/cm) and
actice cell area, respectively.

3. Results and discussion

The XRD pattern of ZnO nanoparticles were syn-
thesized by spray-pyrolysis methods given in Fig. 5.
The di�raction peaks show that the produced particles
have hexagonal phase with wurtzite structure consistent
with the values in the standard card (PDF-2, reference
code: 00-036-1451). The SEM of ZnO NPs produced by
spray-pyrolysis methods is shown in Fig. 6. As shown
in Fig. 6, ZnO NPs have a shape with hollow spheres.
The absorption spectrum of ZnO NPs dispersed in pure
water is given in Fig. 7. The absorption edge at 375 nm
matches to ZnO phase. This edge implies that ZnO NPs
have a band gap energy with 3.3 eV.
Figure 4 clearly shows that at lower voltage dielectric

constant does not change, however, after using a certain
voltage, which is de�ned as threshold voltage, the real
part of dielectric constant increases sharply. Alignment
of ITO cell is planar, at zero voltage, by applying electri-
cal �eld to ITO cell, the planar alignment of liquid crys-
tals starts to change and align in the direction of electri-
cal �eld, that is, homogeneously aligned liquid crystals
switch to heterogeneous alignment. Threshold voltage
is determined by 10% increment of the initial dielectric
constant and threshold voltage decreases from 20 to 16.5
at the 1%, 5.4 at the 2% and 3.8 at the 4% zinc oxide
NPs concentration, respectively. As indicated in Fig. 4,
doping E7 with ZnO NPs decreases threshold voltage.
For 1% doped sample, threshold voltage decreases by a
small amount but for 2% doped sample threshold volt-
age decreases signi�cantly. For 4% amount of increase,

Fig. 5. X-ray di�raction pattern of ZnO NPs.

Fig. 6. The SEM images of ZnO NPs.

Fig. 7. UV-vis spectra of ZnO NPs.
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it decreased again. Slopes of samples in Fig. 4 imply how
fast liquid crystals and nanomaterial change their direc-
tion to the direction of applied electrical �eld; slopes are
also frequency dependent, by changing frequencies lead
to obtain di�erent slopes.
Figure 3 depicts the experimental setup for voltage

dependence of optical transmittance. Transmittance of
pure and doped liquid crystals are given in Fig. 8A�D.
The values of phase retardations at any voltage could
be calculated by using Eq. (4) and birefringence can be

found by Eq. (3). In Fig. 8 while the voltage increases the
light transmittance starts to alter as maxima and minima
peaks correspond to an odd or an even integer of Eq. (2).
When the applied voltage increases more, it is observed
that the birefringence values approach to zero. As seen
from Fig. 8A�D, pure E7 and zinc oxide NP doped liq-
uid crystals mixtures have almost the same birefringence
values at the zero voltage. In addition as shown from
Fig. 8A�D, doping ZnO NP changes the retardation and
birefringence of E7 at higher voltage.

Fig. 8. Dependence of optical transmittance of E7 1, 2, and 4% on voltage: (A) optical transmittance of pure E7 on
voltage, (B) optical transmittance of 1% zinc oxide doped E7 on voltage, (C) optical transmittance of 2% zinc oxide
doped E7 on voltage, (D) optical transmittance of 4% zinc oxide doped E7 on voltage.

These results indicate that ZnO NPs decrease thresh-
old voltage. This means that electro-optical characteris-
tics of NLC mixture E7 is enhanced by ZnO NPs. This
might be explained by that while creating LC cells, static
electricity might be generated, and then purity ions in
LC mixed together; as a result of this process, impurity
ions were created. Normally, impurity ions moderately
a�ect the threshold voltage and response time of NLC
cells [26, 27], but zinc oxide NPs in NLC might cap-
ture impurity ions and a�ect the electro-optical proper-
ties signi�cantly. This is referred to �eld screening ef-
fect (FSE). Moreover, since ZnO NPs are larger in size
than NLC, ZnO NPs dipole moments are higher than
NLC, this causes higher electrical torque of ZnO NPs
than of NLC [27, 28]. When electric �eld is applied
to LCs cell, ZnO NPs with high electrical torque also
positively a�ect anchoring condition. These two reasons
might cause an enhancement of electro-optical proper-
ties of zinc oxide dispersed in NLC mixtures, however,

the exact reason of decreasing threshold voltage is still
unclear. Further studies are needed to understand exact
mechanism.

4. Conclusion

In this study, we synthesized zinc oxide NPs by spray-
pyrolysis method and then they were doped into ne-
matic liquid crystal mixture E7. The applied voltage
dependence of the dielectric properties of pure and ZnO
doped mixtures have been examined at room tempera-
ture. Phase retardations and birefringence at given volt-
age could be derivated from optical transmittance experi-
ment and related equations. It is clearly seen that thresh-
old voltage decreased dramatically with addition of zinc
oxide NPs to E7. We assume that electro-optical prop-
erties of liquid crystals can be changed by ZnO doping
concentration. Moreover power consumption obtained by
LC with lower threshold voltage is less, when it is con-
cerned in industrial application.
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