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The Effect of Different Liquid Crystal Compounds
on Conduction Mechanism

of 4-Cyano-4
′
-n-heptybiphenyl (7CB)

by Using I-V Characteristics

N. YILMAZ CANLI,1,∗ Z. GÜVEN ÖZDEMİR,1

AND B. BİLGİN ERAN2

1Yildiz Technical University, Department of Physics, Istanbul, Turkey
2Yildiz Technical University, Department of Chemistry, Istanbul, Turkey

We have investigated the current-voltage characteristics of 7CB (4-cyano-4′-n-
heptybiphenyl), 7CB:LC1 (5-(10-undecenyloxy)-2-[[[4-hexylphenyl]imino]methl]
phenol) and 7CB:LC2 (5-(10-undecenyloxy)-2-[[[4-hexyloxyphenyl]imino]methl]
phenol) by means of negative differential resistance and conductivity mechanism.
According to differential resistance calculations, only 7CB and 7CB:LC1 exhibit
N-shaped voltage-controlled NDR effect. The electrical conductivity mechanism of the
related LCs has been investigated by natural logarithmic current-voltage curves. The
nonlinear property of I-V characteristics has been explained by space charge limited
conduction mechanism for 7CB:LC2.

Keywords Differential conductivity; liquid crystal; negative differential resistance;
salicylaldimine compounds; space charge-limited conduction

1. Introduction

Liquid crystals (LCs) have properties between liquid and solid [1]. For instance, LCs may
flow like a liquid, but their molecules may be oriented in a crystal-like way. There are
many different types of liquid-crystal phases, which can be distinguished by their different
optical properties [2]. The physical and optical properties of LCs can be developed by
doping of different LCs (composites) and in this way, electronic features are improved [3].
Composites based LCs have attracted much interest over a number of years because of their
unique electro and magneto-optic properties and novel display applications [4, 5].

Due to increasing attention of technological device applications of LCs, determination
of their electrical properties becomes important. Especially, negative differential resistance
(NDR) phenomenon and electrical conductivity mechanism have a crucial importance on
both theoretical and experimental point of view. The concept of NDR, which is character-
ized by a decreasing current with an increasing of the voltage applied, becomes significant
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Color versions of one or more of the figures in the article can be found online at
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especially for the ongoing researches on digital logic and memory [6, 7]. The NDR phe-
nomenon has also been observed in LCs since 1970s [8–11].

The highly nonlinear response of I-V curves, at which NDR effect is observed, is the-
oretically explained by some conduction mechanism models such as Richardson–Schottky
(RS), Poole–Frenkel (PF), or space charged-limited conduction (SCLC) [12]. The validity
of which model is responsible of the conductivity of the system investigated is determined
by the natural logarithmic I-V curves.

The aim of this study is to prepare new LC material and develop its electronic prop-
erties. We have focused on 4-cyano-4′-n-heptybiphenyl (7CB) due to their extraordinary
properties and their promising technologic applications [13–18]. As is known, 7CB, as well
as other members of the nCB homologous series, has crucial importance for the applications
due its strong dipole moment, good chemical stability and a convenient temperature range
of the nematic phase [19]. In this context, we have prepared 7CB:LC1 and 7CB:LC2 LCs
composites to develop current-voltage characteristics and NDR behavior of 7CB.

2. Experimental

2.1. Mesomorphic Properties of LC Compounds

The reference LCs 7CB and chemicals for synthesis and purification were purchased
from Sigma-Aldrich Company. The salicylaldimine compounds of LC1 and LC2 were
already reported previously and the preparation procedures and spectroscopic data for
these compounds are given in Refs. [3, 20–23]. The chemical structures of the reference
LCs 7CB, LC1 and LC2 compounds have been shown in Fig. 1.

Figure 1. Chemical Structures of liquid crystals (a) 7CB (b) LC1 and LC2.

Table 1. Phase transition temperatures T (◦C) and enthalpies �H (J/g) of LC1 and LC2
compounds

Liquid crystal Phase transition temperatures ◦C (enthalpies, J/g)

LC1 Cr 37.3 (55.2) SmC 64.5 (2.6) SmA 89.5 (12.2) Iso
Iso 84.3 (−11.6) SmA 58.3 (−3.8) SmC −4.6 (−33.3) Cr

LC2 Cr 60.9 (75.8) SmA 118.6 (12.2) Iso
Iso 114.1 (−12.2) SmA 19.1 (−62.1) Cr

Cr: Crystalline, SmC: Smectic C, SmA: Smectic A, Iso: Isotropic phase. Transition temperatures
and enthalpy values were determined by DSC (Perkin-Elmer DSC-7; heating rates 10 K min−1).
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The Effect of Different LCs on Conduction Mechanisms of 7CB 49

Figure 2. DSC thermogram during the second heating process for LC1 and LC2 compounds (10 K
min−1).

Differential Scanning Calorimetry experimental data of LC1 and LC2 were obtained
using a Perkin-Elmer DSC-7. The related DSC traces of LC1 and LC2 compounds have
been given in Figs. 2 and 3, respectively.

Figure 3. DSC thermogram during the second cooling process for LC1 and LC2 compounds (10 K
min−1).
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According to heating and cooling process of DSC data, the temperatures at which
phase transitions occur and the related enthalpy values have been summarized in
Table 1.

The mesomorphic properties of the salicyaldimine compounds LC1 and LC2 have
been studied by polarizing microscopy 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. Polarizing microscopic and morphologic investigations showed that
SmC and SmA mesophases take place in the compound LC1. The compound LC2 exhibits
only one type of (SmA) liquid crystalline mesophase. According to the textures and DSC
curves, it is concluded that adding an oxygen fragment to molecule causes a disappearance
of Smectic C mesophase [20].

2.2. Sample Preparation

The doped samples were prepared by the dispersion of LCs in 7CB in the concentration of
approximately 1% (w/w). The reference LC 7CB, 7CB:LC1 and 7CB:LC2 samples were
injected into a sandwich type cell of 5.4 μm that consists of two indium tin oxide-coated
glass substrates by capillary action at temperature which is slightly higher than its isotropic
temperature [3].

2.3. Current-Voltage (I-V) Characteristics

Current-voltage characteristics of the all samples have been shown in Fig. 4. According
to I-V characteristics given in Fig. 4, 7CB and 7CB:LC1 compounds exhibit “N shaped”
NDR effect. N shaped voltage controlled NDR effect manifests itself as an increase in the
voltage results in the decrease current on the middle region of I-V characteristics of 7CB
and 7CB:LC1 compounds. The detailed examination of NDR effect has been discussed in
the Result section (see Fig. 5).

Figure 4. Current-voltage characteristics of (a) 7CB and 7CB:LC1 (b) 7CB:LC2.

3. Results and Discussions

NDR effect has been observed for the 7CB and 7CB:LC1 in the current (voltage) interval
of 31–38nA (0.72–3.12V) and 41.28–41.62 nA (0.64–1.12V), respectively (Fig. 4). By
comparing voltage intervals at which NDR occurs, it is clearly seen that doping LC1 to
7CB remarkably narrows NDR region. On the other hand, NDR is not observed for the
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The Effect of Different LCs on Conduction Mechanisms of 7CB 51

Figure 5. Differential resistance of liquid crystal compounds. NDR phenomenon is not observed on
7CB:LC2 compound.

7CB:LC2. Moreover, the absolute value of the magnitude of Rdif varies from 15 M� to
1987 M� for the 7CB:LC1, whereas Rdif changes its value from 7.5 to 38 M� for the
7CB:LC2 compound (Fig. 5). Consequently, it has been revealed that changing terminal
chain in the LC causes the disappearance of NDR behavior and decrease in resistance
values.

To analyze the effect of different LC compounds on conductivity of the 7CB, the
differential conductivity has been calculated by Eq. (1)

σdif =
(

dI

dV

)
�

A
(1)

where � and A represent the thickness of the samples (� = 5.4 μm) and the electrode
active area (A = 1 × 10−4 m2), respectively. The variations of differential conductivity with
voltage for the LC samples have been given in Fig. 6.

As is seen from Fig. 6, differential conductivity of all samples are in the order of 10−9

(�m)−1. Initial decrease in σdif conductivity at low voltage region has been observed as
an intrinsic property for all LCs investigated. Moreover, a saturation has been determined
for the 7CB and 7CB:LC1 compounds in the voltage interval of 2V–10 V. When the
terminal chain is changed, no saturation has been observed for the 7CB:LC2 (See Fig. 6b).
Furthermore, the differential conductivity of the 7CB:LC2 alters its characteristics with a
sharp increase and decrease for the related voltage interval.

The differential resistance curves for both 7CB and 7CB:LC1 samples display a
transition from positive and NDR (Fig. 5). Referring the transitions mentioned above, it has
been deduced that the LC system possesses different conduction states, i.e., mechanisms.
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Figure 6. Differential conductivity versus voltage applied for (a) 7CB and 7CB:LC1 (b) 7CB:LC2.

In order to explain the conductivity mechanism of LC system, natural logarithmic current-
voltage curves (Fig. 7) have been investigated.

The 7CB shows a nonlinear relationship between ln(I)-ln(V) as shown in Fig. 7.
However, a linear relationship between ln(I)-ln(V) has been observed on the 7CB:LC1 and
7CB:LC2 for the voltage interval of 4.5–10 and 2.75–10 V, respectively. The slope, n of
the ln(I) vs. ln(V) curve determines the conductivity mechanism of the materials. The value
of exponent, n is found to be nearly equal to 1 for A-B region of the 7CB:LC1 composite.
Due to this reason the conductivity mechanism exhibit Ohmic behavior in A-B region. On
the other hand, the values of exponent n have been calculated for regions I-II and III-IV
of 7CB:LC2 as 1.52 and 1.45, respectively. From this point of view, it has been revealed

Figure 7. ln(I) vs. ln(V) curves of 7CB, 7CB:LC1 and 7CB:LC2.
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that the conduction mechanism corresponds to SCLC which is influenced by traps [24,
25]. Thus, addition of oxygen fragment to LCs leads to significant changes on conduction
mechanism.

4. Conclusions

In this work, LC1 and LC2 with different terminal chains have been doped to 7CB and their
current-voltage characteristics have been analyzed by means of NDR (NDR) behavior and
conductivity mechanism. N-shaped voltage controlled NDR behavior has been observed on
7CB and 7CB:LC1. The differential resistance and conductivity have been calculated and
the effect of terminal chain to these physical parameters has been examined. The nonlinear
property of I-V characteristics has been researched by natural logarithmic I-V curves. It has
been emphasized that while 7CB:LC2 has a SCLC mechanism, 7CB:LC1 displays Ohmic
behavior in a particular voltage region. The different conduction mechanisms for 7CB:LC1
and 7CB:LC2 can be attributed to the change of alignment of molecules with electric field
applied.
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