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The dielectric and current voltage properties of 4-cyano-4’-n-heptylbiphenyl doped LC1 and LC2 salicylaldimine compounds
have been investigated. The polarizing microscopy and differential scanning calorimetry results show that the
salicylaldimine compounds (LC1, LC2) exhibit liquid crystalline properties. The salicylaldimine compound LC1 exhibits SmC
and SmA mesophases, while LC2 exhibits only SmA mesophase. The dielectric anisotropy of the LCs was found to vary
from positive type to negative type. The LC1 liquid crystal significantly the dielectrical anisotropy behavior of the 7CB. The
dielectrical relaxation mechanism analyzed by the Cole-Cole plots of the liquid crystals is close to Debye type relaxation
behavior. The current voltage characteristics indicate that the 7CB and 7CB/LC1 liquid crystals exhibit voltage-controlled
differential negative resistance (VCNR) behavior. It is evaluated that the molecular orientation and electrical properties of

the 7CB liquid crystal can be controlled by salicylaldimine compounds.
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1. Introduction

Liquid crystals exhibit anisotropic property of solids
as well as fluidity of isotropic liquid and made up of rod
like molecules due their orientational order. 4-cyano-4’-n-
heptylbiphenyl (7CB) is one of the best-known liquid
crystalline substances. The physical and optical properties
of liquid crystals can be developed by doping of different
liquid crystals and thus, new liquid crystals modified
electronic and optical properties may be prepared. Liquid
crystal mixtures with a positive dielectric anisotropy are
used for most active matrix displays and the image quality
of liquid crystal displays (LCDs) is strongly dependent on
the dielectric anisotropy of the LC [1]. Dielectric
relaxation spectroscopy has proven to be powerful
technique to obtain the valuable information about the
molecular properties of nematic liquid crystals. The
anisotropic dielectric properties of liquid crystals play an
important role in determining the electro-optical response
of liquid crystal devices. The relationship between static
dielectric permittivity and molecular properties of liquid
crystals has long been an objective of dielectric studies
[2-4].

In present study, we have investigated the dielectrical
properties of salicylaldimine compounds doped 7CB liquid
crystal. In order to explain the dielectric anisotropy and

relaxation mechanism of the prepared liquid crystals, we
have used the capacitance-frekans-voltage and Cole-Cole
relations. We have focused on the study of the effect of
salicylaldimine compounds on current-voltage
characteristics of 7CB liquid crystal.

2. Experimental

2.1 Synthesis of the salicylaldimine compounds
(LCland LC2)

The salicylaldimine compounds LC1 and LC2 were
prepared in usual way [5] by a p-toluensulfonic acid (80
mg) catalyzed condensation of 2-hydroxy-4-(10-
undecenyloxy)benzaldehyde (5 mmol) with 4-hexylaniline
(6 mmol) and 4-hexyloxyaniline (6 mmol), respectively, in
toluene (50 ml) and purified by crystallization from
acetone\methanol. The structure of LC1 and LC2 were
characterized using various spectroscopic methods (*H-,
BC-NMR and mass). The proposed structures are in full
agreement  with  these  spectroscopic data. The
spectroscopic data for compounds LC1 and LC2 are given
in Ref. [6]. The chemical structure of the compounds LC1
and LC2 are shown in Fig. 1.
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7CB: R =C;H;5; Cr (30)
N (42.8) Iso

/\/\/\/\/\/o
OH

LC1l: R= CgHy3; Cr (37.3)
SmC (64.5) SmA (89.5) Iso

LC2, R= OCgHy3; Cr (60.9)
SmA (118.5) Iso

Fig. 1. The chemical structures and phase transition

temperatures (°C) of the liquid crystals 4-cyano-4’-n-

heptylbiphenyl (7CB); salicylaldimine compounds (LC1
and LC2).

2.2 Dielectrical measurements

The doped samples were prepared by the dispersion of
LC1 and LC2 liquid crystals in 7CB in the concentration
of about 1% (w/w). The liquid crystal mixtures were
mixed by ultrasonic effect. The prepared liquid crystals
were named as 7CB/LC1 and 7CB/LC2 and were filled
into the cells of 5.4 um thickness by the capillary action at
temperature which is slightly higher than its isotropic

temperature. The cells consist of two indium tin oxide
(ITO) coated glass substrates. The dielectrical
measurements were performed using a HIOKI 3532 LCR
meter at room temperature. The measurements were
limited to 5 MHz due to the effect of finite resistance of
ITO on coating on glass substrates.

3. Results and discussions

3.1 Liquid crystalline properties of the
salicylaldimines

The mesomorphic properties of the salicylaldimine
compounds LC1 and LC2 have been studied by polarizing
microscopy (PM) technique using a Linkam THMS 600
hot stage and a Linkam TMS 93 temperature control unit
in conjunction with a Leitz Laborlux 12 Pol polarizing
microscope. The temperatures of phase transitions taking
place in the LC1 and LC2 and enthalpies of these
transitions were determined by Differential Scanning
Calorimeter (DSC). The DSC curves were recorded on a
Perkin-Elmer DSC-7, heating and cooling rate: 10 K min™.
The salicylaldimine compounds LC1 and LC2 exhibits
liquid crystalline properties and shows thermotropic
enantiotropic mesophase. The transition temperatures,
corresponding enthalpy values and mesophase types
observed for this compound are given in Table 1.

Table 1. Phase transition temperatures T (°C) and transition enthalpies AH (kJ mol™) of LC1 and LC2;Cr: crystalline, SmC:
smectic C, SmA: smectic A and Iso: isotropic phase.

Compound R

T<C (4H kJ/mol)

LC1 CeHis

Cr 37.3 (24.83) SmC 64.5 (1.19) SmA 89.5 (5.48) Iso

LC2 OCgH13

Cr 60.9 (35.34) SmA 118.5(5.68) Iso

*Perkin-Elmer DSC-7; heating rates 10 K min™ for the melting and clearing process.

The compound LC1 showing smectic A and smectic
C mesophases whereas the mesophase of the LC2 is only a
smectic C. The textures of LC1, LC2 showed in Fig. 2.

b\f.‘““:-\ .:‘.‘;-’-

(b)
Fig. 2. Polarized light optical photomicrographs of the
(@) LC1 as observed on cooling 52°C; (b) LC2 as
observed on cooling at 98 °C (magnifigationx200).
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3.2 Dielectrical anisotropy properties of the liquid
crystals

The dielectric spectra of 7CB/LC1 and 7CB/LC2
liquid crystals at the frequency range of 100 Hz-5 MHz at
room temperature without and different external voltages.
Fig. 3(a-b) show the plots of the capacitance-voltage.
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Fig. 3. Plots of capacitance-voltage (C-V) of the liquid
crystals for Ag>0 at different frequencies:
(a) 7CBJ/LCL, (b) 7CB/LC2.

As seen in Fig. 3, at lower voltages, the capacitance is
almost constant and after a certain voltage, it increases
with increasing voltage and reaches a saturation. This
increase in the capacitance is an indicative of molecular
reorientation in liquid crystal. The capacitance of the
liquid crystals decreases with increasing frequency and
after a certain frequency value, the capacitance at higher
voltages is lower than that of the capacitance at lower
voltages. This indicates the presence of negative
dielectrical anisotropy. In case of negative dielectrical

anisotropy, liquid crystal molecules align perpendicular to
the electric field. The constant values of the capacitance at
lower voltages show that LC molecules are in their
original orientation. The dielectric anisotropy for the LCs
is expressed by the following relationship [7]:

Ae=¢ —¢, (1)

where g is the parallel and & | is the perpendicular part

of the dielectric constant. The dielectric anisotropy values
were calculated via C-V curves and are shown in Fig. 4.
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Fig. 4. The dielectric  anisotropy dependence on

frequency for the 7CB/LC1 and 7CB/LC2 liquid crystals.

The Ae values of the 7CB/LC1 and 7CB/LC2 liquid
crystals are lower than 7CB [7], i.e. dielectric anisotropy
values decrease with doping of LC1 and LC2, as LC1 and
LC2 molecules make to easy the exchange of carrier
charges. The decrease in dielectrical anisotropy may be
attributed to the strong dipolar interactions between the
LC1 and the 7CB liquid crystal and the change in
reorientation of molecules of the 7CB after LC1 addition.
This interaction results from the large dipole moment and
high polarizability of the 7CB/LC1 molecules.

As seen in Fig. 4, the dielectrical anisotropy changes
from positive to negative at a critical frequency value, f..
The f. values of the 7CB and 7CB/LC1, 7CB/LC2 liquid
crystals were determined from the Fig. 4 and were found
to be 644.74 and 479.76, 617.41 kHz, respectively. The
LC1 dopant significantly changes f. value of 7CB, whereas
LC2 does not change it. Dielectrical anisotropy arises
from not only a dielectric effect but also a current effect of
ions in liquid crystal. The decrease in dielectrical
anisotropy with LC1 and LC2 contents is attributed to the
fact that the change of alignment of LC1 and LC2
molecules as well as 7CB molecules should take place to
change the molecular state. The dielectric behavior of the
7CB/LC1 and 7CB/LC2 composites can be accounted for
due to the difference in electrical conductivity of the LC1,
LC2 liquid crystals and the 7CB liquid crystal.
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3.3 Dielectrical relaxation and current voltage
properties of the liquid crystals

The complex dielectric constant for liquid crystals is
defined as [7-8],

g (w)=¢ +ig’ )
where ¢ and ¢" are the real and imaginary part of the
dielectric constant, respectively. Figs. 5(a-b) plots of the
real and imaginary dielectric constants of the liquid
crystals at different voltages. The LC1 and LC2 molecules
affect both dielectric losses and the dielectric permittivity
of the LC system. As seen in Fig. 4, the dielectric constant

of the composite liquid crystals is different from that the
7CB liquid crystal [7]. The change in the dielectric
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Fig. 5. The real and imaginary dielectric constants of the liquid crystals at different
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constant is probably due to molecular reorientation which
starts by applied voltage, i.e, the dielectric constant is
dependent of external effects due to the anisotropic nature
of LC [7]. The increase in the dielectric constant is
probably due to molecular reorientation which starts by
applied voltage.

Fig. 5 shows curves of the imaginary part of the
dielectric constant at various frequencies. A peak in curves
is observed and the intensity of the peak decreases with
increasing bias voltages. The dielectric loss attains a
maximum that increases and shifts to lower frequencies as
the applied voltage increases. This maximum corresponds
to the relaxation frequency. The relaxation frequency
changes with bias voltages. This shows a relaxation
mechanism dependent on voltage.
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frequencies (a)7CB/LC1, (b)

7CB/LC2.

To analyze the relaxation mechanism of the liquid
crystals, we plotted Cole-Cole curves for the LCs, as

shown in Fig. 6 (a-b). The Cole-Cole curves can be
analyzed by the following relation [9-10],
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—a = (3)
1+ (ior)t ™

g*(a)) =&y +

where 8*(0)) is the complex dielectric constant, & is the

limiting low-frequency dielectric constant and ¢, the
limiting high-frequency dielectric constant, t is the
average relaxation time, @ is the average angular
frequency, a is the distribution parameter.
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Fig. 6. Cole and Cole plots of the liquid crystals a)
7CBILC1, b) 7CB/LC2.

It is evaluated that the Cole-Cole plots for LCs are
close to Debye type relaxation behavior. This behavior is
probably due to the dipolar rotation around the long
molecular axis. The diameter of Cole-Cole plots increases
with applied voltage. This shows that reorientation of
molecules varies with applied voltage. The current-voltage
characteristics of the liquid crystals are shown in Fig. 7.
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Table 2. The &, and 8:;]ax values of the liquid crystals.

7CB/LC1 Y, 2V 12V 20V
5.51 5.51 15.17 15.17
8 0
1
Enax 2.13 2.13 6.91 7.39
7CBILC2 v 2V 12V 20V
e 6.70 6.75 | 16.50 17.33
(o]
1
Eimax 2.56 256 | 7.85 8.25

For 7CB and 7CB/LC1 liquid crystals, the current
increases sharply and a current peak takes place and
subsequently the current decreases to minimum but not
zero and then the current increases linearly with increasing
voltage. The current peak suggests that the 7CB and
7CB/LC1 liquid crystals exhibit voltage-controlled
differential negative resistance (VCNR) behavior [11].
But, 7CB/LC2 liquid crystal does not indicate VCNR
behavior. It is evaluated that LC1 and LC2 liquid crystals
change VCNR behavior of 7CB liquid crystal.
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