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The anisotropy of the static electric permittivity and conductivity for the
homologous series of nematics: 4-(trans-4’-n-alkylcyclohexyl)isothiocyanato-
benzenes (n-CHBT) for n = 3-10 have been measured. It is shown that the
odd-even effect in the dielectric anisotropy Ae is related to the perpendicular
component ¢, of electric permittivity. The odd-even effect is found in »-CHBT for
both the anisotropy in the conductivity and the activation energy for ionic
movement.

1. Introduction

The flexible aliphatic chain attached to the rigid rod-like group of typical
mesogenic molecules is essential for stabilization of nematic phase. Most macroscopic
parameters of liquid crystals, if compared at the same shifted temperature 77 — T,
(=AT), show a characteristic alternation as a function of the number of chain
segments, i.c. the well-known odd-even effect [1].

Although seemingly insignificant, in reality the differences in conformation of the
even and odd membered alkyl chains strongly modify the molecular interactions. The
odd-even effect seen in the phase transition temperatures (from the ordered to the
isotropic phase) supports this conjucture. For compounds containing an even number
of units in their terminal-chains, the transition temperature from the nematic to the
isotropic phase is lower than the corresponding temperature for compounds containing
(n — 1) units. This has been confirmed by many experimental and theoretical studies
[1]. For even membered compounds lower values of the order parameter [2], the
dielectric anisotropy [3], the jump in the molar volume [4], the entropy [4, 5],
the self-diffusion coefficients [6], etc., are obtained than for their odd membered
homologues.

Here, we present the results of measurements of the electric permittivity and the
conductivity for the homologous series of 4-(trans-4'-n-alkylcyclohexyl)isothiocyana-
tobenzenes (n-CHBT):

Catgpu<ED-O)-NCS 1 = 3-10.

It was shown that both the anisotropy of conductivity (¢,/6,) and the activation
energy of ionic movement (E, and E, ) undergo the same alternation as other
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physical quantities. Moreover, it was shown that the odd-even effect in dielectric
anisotropy (Ae) for the homologous series studied is related mainly to the perpendicular
electric permittivity (g, ).

2. [Experimental
Materials. The n-CHBTSs were synthetized according to the procedure described
by Dabrowski et al. [7]. Their nematic-isotropic transition temperatures are shown in
figure 1.
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Figure 1. The nematic-isotropic transition temperatures of the n-CHBT series.

Apparatus. The static electric permittivity and conductivity were measured with
a Wayne-Kerr B 330 bridge at 1-5kHz. The liquid crystal samples (0-6 mm thick) were
placed within a plane copper capacitor with gold covered electrodes. A magnetic field
(1 T) was used to orient the samples. The temperature was stabilized with an accuracy
of +0-01°C. The electric permittivity and conductivity were measured with an
accuracy of 0-05 and 0-1 per cent, respectively. The conductivity measurements were
carried out for pure samples, that is without any special ionic additives.

3. Results and discussion

Figure 2 shows the results for the electric permittivity and conductivity for the
n-CHBTSs performed parallel and perpendicular to the director. The dielectric aniso-
tropy of these compounds is positive and, as in most nematics, the conductivity along
the direction of molecular orientation is higher than in the direction perpendicular to
the latter, thus g,/0, > 1.

The dielectric anisotropy, As, reveals only a weak odd-even effect, see the upper
part of figure 3. However, since this anisotropy is the difference between the values
of the parallel and the perpendicular permittivity, it is possible that there is a
compensation effect, resulting from the different dependencies of ¢, and €, on the alkyl
chain length. The middle part of figure 3 proves that this is indeed the case. The
permittivity measured along the director decreases monotonically with increasing »;
this reflects merely the effect of the dilution of the N=C=S dipoles within the
non-polar medium. The distinct odd-even effect is not observed here. On the other
hand, the perpendicular component of the permittivity, ¢, , reveals a distinct odd-even
effect; higher values of ¢, occurring for molecules containing an even number of units
within the alkyl chain.
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Figure 2. The electric permittivity and conductivity of n-CHBT as a function of temperature.
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Figure 3. The odd-even cffect in the electric permittivity of n~-CHBT. Data for [AT] = 2°C
from the nematic-isotropic transition.
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Figure 4. The odd-even effect in the anisotropy of the electric conductivity and the activation
energy for ionic movement in oriented n-CHBT samples. oy/o, data for AT = 2°C from
the nematic—isotropic transition.
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The different behaviour of the components of the electric permittivity results
mainly from the odd-even effect of the second rank orientational order parameter S
and can be derived directly from the Maier-Meier theory [8]. Thus for linear dipolar
molecules the contribution of dipole moment u to ¢ and g, is proportional to
#(2S + 1) and p’(1 — S), respectively. The typical change in the order parameter
S on going from odd to even homologues amounts to about 10 per cent (for example
from 0-66 to 0-60) and leads (for the dipole moment value of the NCS-group of about
3D) to variations in ¢, and ¢, of about 5 and 18 per cent, respectively. The effect is
enhanced by the perpendicular component of dipole moment appearing in the even
alkyl chains as a consequence of the deviation of the terminal methyl group from the
long axis of molecules [9]. However, the low dipole moment of the ~-CH, group
(ca. 0:4D) makes this effect small.

Figure 4 shows the dependence of the electric conductivity anisotropy o, /o, and
activation energies for the conductivities E,, and E,, (determined from a Ing versus
T ! plot) on the number of segments in the ~~-CHBT aliphatic chain. Both the o, /5,
ratio and the activation energy reveal an odd-even effect which is analogous to that
observed for many other physical, i.e. for even homologues of the studied series the
values of 6,/0, and activation energy for ion movement are lower.

We are greatly indebted to Professor R. Dabrowski for the high purity samples.
This work was supported by the Polish Academy of Sciences within the framework
of Project CPBP01.12.
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