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Abstract
In the present work, multiwall carbon nanotube dispersed/doped nematic
liquid crystal mixture have been synthesized by ultrasonication technique and
studied using dielectric spectroscopy tools in the frequency range of 10KHz40MHz. We have observed that the dielectric permittivity and relaxation
spectra of a nematic liquid crystal (MBBA) are influenced by the presence of
multiwall carbon nanotube as a function of frequency and temperature. The
value of dielectric permittivity increases with the dispersion of multiwall
carbon nanotube due to π-π interaction of MWCNT and LC molecules.
However, an increase in relaxation frequency is also found in dispersed
samples. The MWCNT with almost identical sizes within themselves are
dispersed at 0.5% concentration into nematic LC. The MWCNT-nematic LC
composites are not only of fundamental importance, but also useful materials
for device applications such as liquid crystal displays.
Keywords: Multiwall Carbon Nanotube, Nematic Liquid Crystal, Dielectric
Permittivity, Relaxation Frequency.

1. INTRODUCTION
Dispersion (or doping), i.e. the intentional incorporation of small quantities of a
carbon nanotubes into a nematic liquid crystal (NLC), is one of the most prominent
process to tune the properties of anisotropic nematic fluids. Recently, the studies on
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the effects of dispersed/ doped carbon nanotube in LCs is an active interdisciplinary
area attracting interest [1-4] from both academia and industry because such
suspension show striking properties usually not observed in pure LCs or LC mixtures.
Attempts are continuously being made to tailor the LC with dispersed carbon
nanotubes (CNTs) in LC based devices [5]. The carbon nanotubes (CNTs) have
emerged as the better candidates, as compared to other types of nanomaterials, in
terms of synthesis and versatility and size homogeneity and show alignment
capability in LCs with change in concentration, i.e., concentration dependent selfassembly. Carbon nanotubes occur in two general morphologies, single-wall SWNTd
and multiwall nanotubes MWNTd, and are normally produced by the techniques of
arc-discharge,14 chemical vapor deposition,15 or laser ablation.16 All of these
methods generally lead to a random orientation of the nanotubes. Furthermore, the
high aspect ratio of the tubes together with their flexibility lead to physical
entanglement, while attractive Vander Waals interactions between individual
nanotubes invariably results in their association in bundles. The latter is also
responsible for the generally poor solubility of nanotubes in most solvents. For many
applications of carbon nanotubes a uniform alignment is essential, and in general the
ability of giving nanotubes a predetermined direction is of great importance.
Additionally, it is highly desirable to be able to manipulate this direction, for example,
by application of external fields, may these be electric, magnetic, or mechanical in
nature. Attempted alignment of nanotubes as polymer composite systems is relatively
poor, even after mechanical stretching, further inhibiting the possibility for realignment of the dispersed tubes. Remarkable advances have been made over the last
years to position individual nanotubes by AFM techniques, but the largescale post
growth alignment of ensembles of nanotubes is still a fundamental problem, despite
recent advances to grow very well aligned nanotubes on substrates.18 Liquid crystals
LCD are anisotropic fluids, thermodynamically located between the isotropic liquid
and the three-dimensional positionally ordered solid phase. Due to molecular selfassembly LCs exhibit orientational order of rod-shaped molecules, i.e., anisotropic
physical properties, while at the same time maintaining flow properties in their least
ordered configuration, the nematic phase. The direction of the average long molecular
axis of a nematic liquid crystal, called the director n, can easily be controlled by
suitable alignment layers. In addition, the director can be reoriented by the application
of electric or magnetic fields, a process commonly known as the Freedericksz
transition. Variants of the latter are being exploited in all common LCD applications
from cheap wrist watches to the highly sophisticated laptop displays. The selforganizing properties of liquid crystals may thus be used to impose alignment on
dispersed carbon nanotubes and the Freedericksz transition to manipulate the
alignment direction through elastic interactions with the liquid crystal director field.
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This approach opens the possibility to dynamically and collectively change the
orientation direction of ensembles of nanotubes and thus their direction of mechanical
and especially also electrical anisotropy. In this paper we will demonstrate the
realization of electrically controlled carbon nanotube OFF–ON and ON– OFF
switches by use of liquid crystal–nanotube dispersions in two different geometries.
The CNT alignment mechanism is driven by the coupling of the unperturbed director
field (average direction of LC molecules) to the anisotropic interfacial tension of the
CNTs in the nematic LC matrix, as individual CNTs (not in bundle) are much thinner
than the elastic penetration length [6]. So, a dilute suspension is stable because
dispersed CNTs, without large agglomerates, does not perturb the director field
significantly. Consequently, the suspended nanotubes share their intrinsic properties
with the LC matrix, such as electrical conductivity [7], due to the alignment with the
LC molecules. Several papers on CNT–nematic LC composites have been published
which reveal homogeneous dispersion, enhanced dielectric constant, suppressed back
flow effect [10,11], faster electro-optic effects, fast switching time and lower
switching threshold [10-12]. These effects have been found more pronounced at lower
CNT concentrations.
In this paper, a dilute suspension of CNTs in an LC matrix is a unique assemblage of
an anisotropic dispersion (CNTs) in an anisotropic media (LC), which makes it an
important and active area of research for realizing the LC-CNT interactions and the
principles governing CNT-assembly through a nematic mediated platform. We
observe that the presence of a small concentration of well-dispersed CNTs in an LC
matrix produces enhanced dielectric permittivity in the nematic liquid crystal. In this
paper, we report the dielectric permittivity (ε' & ε") response for multiwall carbon
nanotubes (MWCNTs) dispersed in p-methoxybenzyl-idene p-butyl aniline (MBBA)
LC in the nematic phases.

2. EXPERIMENTAL DETAILS
2.1 Materials and Methods
Liquid crystal, MBBA (p-methoxybenzyl-idene p-butyl aniline) from Clariant
Chemicals Co. Ltd., Germany and multiwall carbon nanotube (MWCNT) from Sigma
Aldrich having diameter 110.170 nm and length 5.9 micrometer were used as basic
materials. The nematic phase range from 20°C to 47°C. Small amount of MWCNT
(0.5% wt./wt.) was mixed into MBBA at room temperature. To reduce aggregation, a
small amount of CNTs was dispersed in acetone and sonicated for four hours. Liquid
crystal was added to acetone + CNT mixture and the mixture was soinicated for four
hours. The prepared samples have been seen by polarising optical microscope (POM)
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to ensure homogeneous dispersion of MWCNT in pure nematic LC sample.

2.2 Preparation for sample cell
The dielectric study of pure MBBA and MBBA+MWCNT is carried uot on planar
geometry. The sandwiched type (capacitor) cells are made using two optically flat
glass substrates coated with Indium tin oxide (ITO) layers. To obtain planar alignment
the conducting layer was treated with the adhesion promoter and coated with polymer
nylon (6/6). After drying the polymer layer, substrates were rubbed unidirectionally in
the antiparallel way. The cell thickness is fixed by placing a Mylar spacer (6 μm in
our case) in between and then sealed with UV sealant. The assembled cells are filled
with sample at a temperature higher than the isotropic temperature of the nematic LC
by capillary method.

2.3 Apparatus and measurements
The dielectric permittivity and dielectric loss factor of pure sample and MWCNT
doped cells have been measured using Impendence/Gain phase analyser (HP4194A).
Instec Hot plate equipment (Model No. 302, Instec Corporation USA) has been used
for controlling the temperature with a temperature stability of ±0.01°C. The sample
holder containing the sample cells is kept thermally isolated from the external
sources.. Nanotube reorientation

3. RESULTS AND DISCUSSIONS
3.1 Nanotube reorientation
Having established that the nanotube’s long axes follow the direction of the uniformly
aligned liquid crystal director, we now apply an electric field to the liquid crystal
nanotube dispersions in sandwich cells with differing anchoring geometry. This
induces a reorientation of the liquid crystal director, commonly known as the
Freedericks transition, and through elastic interactions causes the nanotubes to follow
this reorientation. The process can be followed by permittivity measurements, because
the nanotubes are highly conductive along the tube axis, while being basically
insulating across it. Also the liquid crystal director reorientation causes a change in
permittivity, due to the anisotropy of the LC. This contribution is shown in Fig. 3 for
pure MBBA and 0.5% doped MBBA as a function of increasing voltage. In both
cases the permittivity slightly increases as the voltage exceeds the threshold for the
Freedericksz transition from planar to homeotropic in the case of MBBA and
homeotropic to planar for doped MBBA. Figure 4 depicts the temperature dependence
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of the permittivity for the MBBA-CNT dispersion. Starting from the planar
orientation with the nanotube’s long axes in the plane of the electrodes, a low and
constant permittivity is observed, which is somewhat larger than that of the pure
MBBA liquid crystal, due to the inevitable introduction of ionic impurities. As the
threshold voltage for the transition to the homeotropic orientation is passed at
approximately 3 V, the permittivity slightly increases of magnitude, indicating that
the nanotubes follow the director reorientation into the perpendicular orientation with
respect to the electrodes. At higher voltages the large conductivity along
thenanotube’s long axes dominates the conductance behavior of the cell. Note that the
contribution of the liquid crystal to the overall conductance is negligible.
FIGURE 1. shows the dielectric permittivity (ε') as a function of frequency for
MBBA and MBBA+MWCNT sample in the nematic phase (T=26 °C). It can be seen
that, the dielectric permittivity is increased with addition of MWCNT in pure nematic
LC, which is enhancing the nematic order in the nematic LC matrix. It is important to
point that relaxation spectra shifts due to the addition of MWCNT sample. This
suggests that MWCNT induces alignment on the nematic LC+MWCNT anchoring
effect [14]. The experimental results is in good agreement with the predicted theory,
that the strong interaction associated with MWCNT alignment with a binding energy
π-π stacking between MWCNT and LC molecules [4, 15]. As the dielectric
permittivity of a LC material is determined by the structural arrangement and
molecular polarizability. The dielectric spectra for MBBA and MBBA+MWCNT
have been studied in the range 104Hz-10 MHz.
FIGURE 2.The dielectric relaxation spectra, reveals significant difference in
dielectric behaviour between MBBA and MBBA+MWCNT confirming a structural
modification in the nematic phase due to the addition of small amount of MWCNT
sample. We have seen the figure 2. Shows that the relaxation peak is identical at
frequencies 1MHz and 10 MHz for pure MBBA and MBBA+MWCNT sample,
respectively. Dielectric spectroscopy is widely used for the investigation of dynamical
behaviour of LC molecules in interaction of MWCNT. The MWCNT is also creates
the hindrance of the rotation of LC molecules. Therefore, the relaxation frequency is
increased as compared to pure sample. In otherworlds the reorientation of the LC
molecules strongly affects the size of MWCNT bundles (peak of length distribution)
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FIGURE 1. Dielectric permittivity with variation of frequency for MBBA and
MBBA+MWCNT in the nematic phase (T=27°C).

FIGURE 2. Dielectric loss with variation of frequency for MBBA and
MBBA+MWCNT in the nematic phase (T=27°C).

The dielectric loss factor of liquid crystal sample is related to the inability of
molecules in the presence of MWCNT, to reorient them with an alternating electric
field. This ability is dependent on the temperature of the sample, the size of the
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molecules involved, and their polarity. It is also dependent on the frequency of the
alternating field. The dissipation factor and the dielectric permittivity are both
affected by the molecular size, composition, and relative orientation of functional
groups within the molecules. In general, within a series of similar molecules, the
permittivity will increase as the molecular weight increases. The above-described
factors are electrical characteristics of the nematic LC and can be used to monitor the
quality of the nematic LC with regard to orientation in use and for the presence of
MWCNT. FIGURE 2. shows the dielectric loss of MBBA and MBBA+MWCNT
composites as a function of frequency at temperature T=26°C. It can be seen clearly
from the dispersion curve (FIGURE 1.) and absorption curve (FIGURE 2.) for pure
MBBA and MBBA+MWCNT dispersed system. One can see a beautiful relaxation
peak which occurs at frequency 1 MHz and 10 MHz in the absorption spectra of pure
MBBA and MBBA+MBBA+MWCNT composites, respectively. FIGURE 4. shows
the behaviour of dielectric permittivity with temperature of the pure MBBA and
MBBA+MWCNT composites at 104 Hz frequency. The dielectric permittivity of pure
MBBA and MBBA+MWCNT composites are of about ~ 5 and ~6, respectively. The
value of dielectric permittivity of doped system is increased due to the polarizebility
and dipole moment of nematic LC matrix with respect to the director. The size of
MWCNT is larger as compared to nematic LC molecules. The incorporation of
MWCNT in pure nematic matrix makes the ordering of this system better. We can say
that the alignment is better for MBBA+MWCNT composite. This alignment is the
result of elastic interactions between the LC and MWCNT, as well as flow alignment
during cell filling. The dielectric permittivity generally remains constant in nematic
phase for both systems. It is clear that the dipole moment of LC molecules is
increased due to the interaction of CNT and LC molecules. An LC molecule is more
sensitive as compared to MWCNT in presence of electric field. When electric field is
applied on the both cells, the LC molecules are aligned in the direction of electric
field, but MWCNT is not aligned perfectly. LC molecules surrounded by the
MWCNT in presence of electric field align in parallel geometry. This explanation
shows the schematic diagram of pure and doped systems with and without electric
field. The observed dielectric relaxation is due to long molecular axis of LC
molecules.

186

Alok Chandra Dixit, Kamal Pandey, Pankaj Kumar Tripathi, Md Saleem Khan

FIGURE 3. Schematic diagram of the dynamical rotation processes for pure MBBA
and MBBA+MWCNT composite with and without electric field for the planar cells.

FIGURE 4. Dielectric permittivity with variation of temperature for MBBA and
MBBA+MWCNT in the nematic phase (10 KHz frequency).

CONCLUSIONS
In this present work, we have observed significant changes in dielectric permittivity
and relaxation frequency by adding 0.5 % (wt./wt) MWCNT in MBBA liquid crystal.
It has been found that the dielectric permittivity and relaxation frequency increase
with the doping MWCNT in MBBA. In conclusion, we have observed that dispersing
a low concentration of CNTs in a nematic LC, results in an improvement in the
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nematic ordering, showing enhanced Δε. The presence of local anisotropic pseudonematic domains in the isotropic phase in the system causes ferroelectric-type
hysteresis effects which could find potential applications in memory functions. Future
work involves simultaneous dielectric and optical studies on size dependent CNT
suspensions in LC media to investigate more on the anchoring effect in both the
nematic and isotropic phases.
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