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Dielectric Study of Nematic LC Built with Bent-core
Molecules
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1Advanced Materials Laboratory, Department of Electronic and Electrical
Engineering, Trinity College, University of Dublin, Dublin, Ireland
2School of Electrical & Electronic Engineering, Dublin Institute of Technology,
Dublin, Ireland

Here we report results of the study of bent-core (BC) cybotactic nematic LC by di-
electric spectroscopy and electro-optic measurements. In the absence of electric field,
this material is uniaxial and exhibits only one relaxation process corresponding to the
fluctuations of the polar clusters. The application of the external electric field induces
biaxiality and the second relaxation process appears in the dielectric spectra. This is as-
signed to the collective mode. Possible models for cluster transformation under electric
field are discussed.

Keywords biaxial liquid crystal; bent-core; dielectric relaxation; electro-optic effects

Introduction

Since Freiser predicted the existence of biaxiality in Liquid Crystals in 1970 [1], the study
of biaxiality has attracted enormous interested due to a potential for practical application
of a new mode in the display industry. The existence of biaxiality was experimentally
observed in different LC systems such as: the lyotropic nematic phase; liquid crystalline
polymers; organosiloxane tetrapodes; and some other complex systems. The possibility of
the existence of a biaxial nematic phase in biaxial parallelepiped “or bricklike” shaped
molecules [2–4] and in bent-core (BC) systems [5–7] has been supported by numerous
theoretical and computational studies. It has proven extremely difficult to unambigously
find repeatable value of biaxiality in the nematic phase. Though it has been reported to
exist in a low molar mass smectic BC systems but controversy exists as to whether it is
intrinsic biaxiality or is caused by surfaces. [8–10]. From a practical point of view, the
biaxial nematic phase has a secondary director m perpendicular to the primary director n;
the latter is always prevalent in the nematic phase. The switching of the secondary director
compared to the primary one can be one to two orders of magnitude faster. Therefore, such
biaxial nematics with improved response offer significant advantages over the conventional
nematics in applications for fast displays and photonic devices. This has spurred activity not
only in experiments but also in analytical theory augmented by the computational studies
of the biaxial nematic phase.

∗Address correspondence to Yu. Panarin, School of Electrical & Electronic Engineering, Dublin
Institute of Technology, Kevin Street, Dublin, 8, Ireland. E-mail: yuri.panarin@dit.ie

Color versions of one or more of the figures in the article can be found online at
www.tandfonline.com/gmcl.
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64 S. Sreenilayam et al.

Nevertheless, it is quite clear that the LC molecules on a microscopic level are biaxial
and the macroscopic biaxiality can be induced by electric field [11]. The electro-optical
switching can be effected by the electrically induced biaxiality and this does need applica-
tion of high electric field [11]. On the other hand it is also known that some smectic LCs
can have large macroscopic biaxiality with much lower electric field but there are other
disadvantages [12–14].

In this paper we present results of the study of the nematic phase exhibited by BC
molecules using dielectric spectroscopy and electro-optic measurements.

Experimental

The LC sample under study, BCN48 is a 5-ring BC material, which shows only nematic
phase. The molecular structure and the phase transitions temperatures are given in Fig. 1.

Optical studies in the temperature range of the nematic phase suggest the appearance
of a so-called “cybotactic” nematic phase NC with smectic-like biaxial clusters [15–21]. In
BC systems, a deviation from the calamitic shape and a large transverse dipole moment
lead to unusually strong intermolecular interactions which give rise to the formation of
polar domains or clusters.

The effect of electric field on the textures is studied in a 4μm cell with foil spacers
as electrodes. A square-wave field 100 Hz is applied across the electrodes in the plane
of a glass plate. The cell was placed between the crossed polarizers with an angle of 45◦

between the electric field direction and the polarizer axis. Initially for a rather small electric
field, no significant effect is observed and the LC remains optically uniaxial. On applying
a relatively large electric field, the collective alignment of domains occurs and this leads
to a macroscopically biaxial ordering [18]. On removal of the electric field, the domains
get again randomized, with a corresponding drop in the biaxial order parameter. This effect
was studied in [12] for another sample. However, it is still not clear whether such a nematic
LC consists of distinguishable clusters of a lower symmetry or are the regions correlated
with a short-range order.

Dielectric spectroscopy is useful complementary technique to characterize different
phases and find structures of LC phases such as AFLCs [22], de Vries [23, 24], TGBA [25],
etc. Here we use it to distinguish the polar phases from the non-polar ones. The latter are
not active in the dielectric spectra.

Both planar and homeotropic cells containing the LC sample for dielectric measure-
ments were prepared. The low resistance (∼ 20�/cm) indium tin oxide (ITO) glass sub-
strates were used for the dielectric study to avoid the parasitic peak in the dielectric loss
spectra due to the contribution of ITO or at least to shift this peak to a higher frequency
range ∼ 10MHz. Dielectric measurements on planar cells of two different thicknesses:

Figure 1. The molecular structure and the phase transition temperatures of the studied sample.
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Figure 2. Dielectric loss spectra of (a) homeotropic cell (cell thickness, d = 9.7 μm) and (b) planar
cell (cell thickness, d = 6.1 μm) filled with the LC- BC48 LC material.

6.1 μm and 3.8 μm were made to study the effect of the cell thickness on dielectric spectra.
The capacitance of the empty cell was determined prior to its filling with the LC sample.
The measurement was carried out under cooling over a temperature range 100◦C to 30◦C
with a step of 1◦C. The temperature of the sample was stabilized within 0.05◦C. The mea-
suring AC voltage was varied from 0.1V to a maximal available 3V to find the effect of
applied voltage on the results of dielectric spectroscopy. The dielectric spectra were found
independent of the applied voltage and hence an applied voltage of 1V was chosen for
reducing the effect of noise on the spectra.

Figure 2 shows the temperature and frequency dependent dielectric loss spectra mea-
sured in (a) homeotropic, and (b) homogeneous cells.

Both planar and homeotropic cell configurations show similar dielectric spectra. In
isotropic phase, there is only one temperature independent peak which is due to the finite
resistance of the ITO electrodes in series with the cell capacitance and is centered at a
frequency of ∼ 3MHz. On cooling the cell to the nematic phase of the LC material, a
second temperature dependent peak appears on the lower frequency side of the first one.

Figure 3. Dielectric loss spectra of planar cells: (a) d = 3.8 μm and (b) 6.1 μm measured at T =
80◦C.
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Figure 4. The dependence of dielectric strength of the two relaxation processes on (a) bias voltage
and (b) electric field.

This peak is related to the relaxation process of the polar clusters [12] around the nematic
director in a planar cell and is normal to the director in a homeotropic cell.

We have studied the effect of bias electric field in the planar cells of two thicknesses:
3.8 μm and 6.1 μm. Dependence of the dielectric spectra on bias voltage for both cells is
shown in Fig. 3.

The dependencies of the dielectric spectra on bias voltage in both cells are found to be
similar: at low electric field there is only one relaxation peak (excluding the parasitic peak
arising from the bias voltage (higher than ∼20V), the second lower frequency relaxation
peak shows up. On further increasing the bias, the dielectric strength of this process
gradually grows while the dielectric strength of the higher frequency process decreases.
Figure 4 shows the dependence of dielectric strength of both processes on (a) bias voltage
and (b) electric field and these results are deduced from Fig. 3.

The threshold voltage of 20V corresponds to an electric field of 3-5V/μm at which
the optical (macroscopic) biaxiality appears in the optical homeotropic cell. Therefore
one may conclude that the lower frequency process is due to the relaxation of electrically
aligned volume of clusters, while the higher relaxation process is due to the relaxation of
the individual clusters.

It is interesting to note that the relaxation frequencies of both processes are almost
independent of the bias voltage and the cell thickness. This means that the dimensions of
clusters are also independent of the bias and cell thickness and this result is in agreement
with the theoretical and Monte-Carlo simulations.
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