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a b s t r a c t

In this work, we have dispersed Cd1-xZnxS/ZnS quantum dots (QDs) in nematic liquid crystal (LC) BBHA
which shows negative dielectric anisotropy (Dε ¼ �2.90) [1]. The impact of QDs dispersion, applied bias
and concentration of QDs on the dielectric permittivity, dielectric loss, response time, transmittance and
birefringence as a function of frequency and temperature for planar alignment has been studied. We have
observed that dispersion of QDs in pure nematic LC influences these properties. Due to QDs dispersion
the birefringence increases and this helps in the alignment and ordering of nematic molecules. Under
applied bias the ionic contributions to the dielectric loss as observed in low frequency region are sup-
pressed and the relaxation frequency is shifted towards higher frequency side. We have made an effort to
explain the observed behaviour of pristine and dispersed systems on the basis of interactions between
QDs and nematic molecules.

© 2017 Published by Elsevier B.V.

1. Introduction

Dispersion, i.e. the incorporation of small quantities of nano-
materials into a nematic LC, is one of the most prominent pro-
cesses to tailor the properties of anisotropic nematic fluids.
Recently, the studies on the effects of dispersed nanomaterials
(NMs) in LCs have become an active interdisciplinary area
attracting a lot of attention [1e4] from both academia and in-
dustry because the dispersion of NMs can tailor the properties of
mixture suitable for LC devices [5e16]. The quantum dots (QDs)
have emerged as better candidates, in comparison to other types
of NPs, in terms of synthesis, versatility and size homogeneity and
show alignment capability in LCs with the change in concentra-
tion, i.e., concentration dependent self-assembly. The QDs have
also been proved to be better candidate for applications in quan-
tum computing, biology, photovoltaic devices and light emitting
diodes, etc [5e8]. Recently, the dielectric and electro-optical
properties of pristine and QDs dispersed LCs have been investi-
gated by various groups [10,11]. Konshina et al. [14,15] have
studied the dynamics and relaxation optical response of nematic

LC doped with CDSe/ZnS quantum dots. They have found that the
relaxation time of the LC increases significantly, that is, in the
reduction of optical response time.

It has been observed that the alignment of nematic molecules in
the presence of QDs depends upon the QDs size, capping agent and
the structure of nematic molecules. The alignment of nematic
molecules has pronounced influence on the anisotropic properties
of nematic systems.

The present work concerns with the study of the dielectric and
electro-optical properties of pristine and Cd1-xZnxS/ZnS QDs
dispersed nematic LC, p-Butoxybenzylidene, p-heptylaniline
(BBHA), as a function of frequency and temperature for the planar
alignment. Dielectric permittivity, dielectric loss, relaxation fre-
quency, optical textures, response time, birefringence, and trans-
mittance have been investigated, in detail. The spectra of dielectric
properties in 0.5% wt./wt. and 1% wt./wt. concentration of QDs,
characterized by interactions of QDs and nematic molecules, were
used to reduce the dielectric permittivity in planar alignment cell
with and without applied bias voltage. Further, the ionic behaviour
has been suppressed in the low frequency region and relaxation
modes shift towards higher frequency side. In the sec. 2, we give the
experimental detail and sec. 3 is devoted to the results and dis-
cussions. Paper ends with the summary and conclusion in sec. 4.* Corresponding author.

E-mail address: srisingh23@gmail.com (S. Singh).

Contents lists available at ScienceDirect

Optical Materials

journal homepage: www.elsevier .com/locate/optmat

http://dx.doi.org/10.1016/j.optmat.2017.04.023
0925-3467/© 2017 Published by Elsevier B.V.

Optical Materials 69 (2017) 61e66

mailto:srisingh23@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optmat.2017.04.023&domain=pdf
www.sciencedirect.com/science/journal/09253467
www.elsevier.com/locate/optmat
http://dx.doi.org/10.1016/j.optmat.2017.04.023
http://dx.doi.org/10.1016/j.optmat.2017.04.023
http://dx.doi.org/10.1016/j.optmat.2017.04.023


2. Experimental

We have performed measurements on the nematic LC BBHA
which exhibits phase sequence Cry420 �C4Sm A455 �C4N
483 �C4IL; the numbers in-between two phases represent the
transition temperatures. The Cd1-xZnxS/ZnS graded core/shell
quantum dots used here for the dispersion, are semi conducting
quantum dots with x ¼ 0.42 and size 8.2 nm [17]. They can be
dispersed in most non-polar organic solvents such as toluene,
chloroform, hexane, etc. With very low organic impurity, these
quantum dots are specifically designed as emitters for optoelec-
tronic applications such as display and solid state lighting. We mix
an appropriate amount (in the weight ratio 0.5% and 1%) of the QDs
into the pure nematic and then homogenized with an ultrasonic
mixer at 90 �C for 1 h and uniform dispersion of QDs was ensured.
The pure and the QDs dispersed nematic LC was filled in the
assembled cells at a temperature higher than the isotropic tem-
perature of the nematic LC material by capillary method. It was
cooled slowly under small a.c. electric field after filling the sample
in the cell and the alignment of the sample was confirmed under
the crossed polarizing optical microscope. The correct and proper
alignments of the nematic molecules are extremely important for
the precise measurement of electrical properties and which in turn,
influences dielectric parameters. Thus, correct alignment plays an
extremely important role in determiningmolecular geometry. Fig.1
shows optical micrographs of the dispersed QDs (0.5% and 1% wt./
wt. concentration) in the nematic medium. It is important to
mention that on visual observation of the optical texture, homo-
geneous dispersion is seen and the core shell QDs help in the
alignment of nematic molecules. A proper alignment of the nematic
molecules are extremely important for the precise measurement of
electrical properties and which in turn, influences dielectric pa-
rameters. Thus, proper molecular alignment plays a crucial role in
determining molecular geometry.

Fig. 2 shows the polarizing optical microscopic texture of pris-
tine and QDs dispersed nematic LC for planar aligned cells at a
temperature 75 �C. Fig. 2(a) and (b) refer, respectively, to pristine
nematic and QDs dispersed (1 % wt/wt) nematic LC. Improved
alignment of nematic molecules can be seen due to dispersion of
QDs in pure BBHA material. The fruitful textures have been ob-
tained with the dispersion of QDs in nematic exhibiting the in-
crease in birefringence. The optical textures have been given only to
the provided the information about the alignment of LC molecules.
They are preferentially oriented along the optic axis of the material.

2.1. Dielectric measurements

The dielectric measurements have been carried out using a
computer controlled impedance/gain phase analyzer (HP4194A) in
the frequency range 1000 Hz to 10 MHz. The measurements in the
high frequency range have been limited to 10 MHz because of the

dominating effect of the finite sheet resistance of ITO coating on the
glass plates and the lead inductance of the cells. The temperature
has been maintained by using a computer controlled hot plate
(Instec Corporation USA). Experiments have been performed by
ramping temperature at a very slow heating rate of 0.5 �C min�1

with a temperature stability better than ±0.1 �C.

2.2. Electro-optical measurements

A suitable squarewave (20Vpp and 5 Hz) has been applied to the
cells using a function generator. HeeNe laser beam of wavelength
632.8 nm as the input signal is detected by a photo-detector
(Instec-PD02LI) connected directly to a digital storage oscillo-
scope (Tektronix TDS-2024C). The cell is placed between the
polarizer and analyzer which are in a crossed position. The cell is
then set at an angle of 45� for maximum transmittance. The
nematic sample cells were held at different temperatures using
control hot plate. The cell works as a phase retarder, thereby
altering the polarization of light. The output waveform is then used
to determine the rise time and fall time. The rise time (ton) and fall
time (toff) of pristine and QDs dispersed nematic LC system have
been evaluated using the equation [8],

to ¼ ton þ toff (1)

ton ¼ t90 � t10 (2)

and

toff ¼ t10 � t90 (3)

Here, ton is the time required for the transmittance to rise from
10% to 90% and toff is the time required for the transmittance to fall
from 90% to 10%.

3. Results and discussion

3.1. Dielectric properties

The dielectric relaxation phenomenon for the pristine and the
QDs dispersed nematic LC samples has been analysed using stan-
dard Cole-Cole relation [18]. The study of dielectric properties
provides information about the molecular structure and mecha-
nism of molecular process. Generally, in a molecular process two
types of relaxation along short and long molecular axes of the di-
rector occur. We measured the dielectric permittivity, (ε0) and
dielectric loss (ε00) for both the pure and QDs dispersed nematic
systems. The influence of frequency and applied bias, at a fixed
temperature 70 �C, on the dielectric permittivity of pure and QDs
dispersed nematics has been shown in Fig. 3 for the planar aligned
cells. It can be seen that below the relaxation frequency, the values
of ε0 is higher in both cases without bias and with bias as compared

Fig. 1. Polarizing optical micrographs of pristine and QDs dispersed nematic LC BBHA for unaligned cells.
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