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Dielectric  relaxation investigations on the mesogen 1-n-hexyl-4-(4-isothiocyanato-
phenyl)bicyclo[2,2,2]octane in the nematic and isotropic phases have been carried out in the
frequency region from about 1kHz to 1 GHz. Two relaxation processes have been observed
in both the isotropic and nematic phases, when the measurements of the electric permittivity
versus frequency are made parallel to the orientation axis of the liquid crystal. The possible
mechanisms responsible for these two processes are discussed. The height of the potential
barrier which hinders the rotation of the liquid crystal molecules around the short axis in the
nematic state, and the order parameter of the liquid crystal under investigation have been
estimated on the basis of the values for the relaxation times in the nematic and isotropic phases.

1. Introduction

Dielectric studies of nematic liquid crystals have
proved to be a valuable source of information on molecu-
lar arrangement and molecular reorientations, as well
as on specific intermolecular interactions in the meso-
morphic and isotropic phases. Knowledge of the dielec-
tric properties of liquid crystals is also important for
technical reasons, because of the application of these
substances in electro-optical display devices. Therefore,
dielectric studies for a number of nematic liquid crystals
have been carried out both experimentally [1] and
theoretically [2-7].

For calamitic liquid crystals, if one neglects the preces-
sional and librational movements, there exist two pos-
sibilities for relaxation of the electric dipole moments
connected with the rotation of the rod-like molecules
around two main molecular axes. If the sample is in the
nematic phase and is macroscopically oriented, e.g. by
means of a magnetic field, the dielectric relaxation occurs
at very different frequency regions when the measuring
electric field is parallel or perpendicular to the orienta-
tion axis of the liquid crystal. In the parallel condition,
the relaxation process is observed in the megahertz

* Author for correspondence.

range, whereas in the perpendicular situation, the relaxa-
tion occurs at higher frequencies in the gigahertz range.
The presence of the low frequency relaxation region in
the parallel component is characteristic for the liquid
crystalline state and is connected with hindering of
molecular rotation around the short axis in the presence
of the nematic potential.

In this paper we have investigated the relaxation
processes for the mesogen 1-n-hexyl-4-(4-isothiocyan-
atophenyl)bicyclo[2,2,2]octane (referred to from now
on as I) in the nematic and isotropic phases. This
compound and its homologues were discovered by
Dabrowski et al. [ 8] and, because of their low viscosity,
low melting enthalpies, the occurrence of nematic phases
only [8,9] and strong positive dielectric anisotropy
[10,11], can be highly useful as components of
technologically important liquid crystal mixtures.

2. Experimental
The nematogenic (I) has the following chemical

structure:
CH, @< >-NCS
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This was supplied by Professor R. Dabrowski from the
Military Academy of Technology in Warsaw and was
used without further purification. The temperatures of
the phase transitions were in the agreement with the
literature [ 8] and were as follows:

Cr3247K N 3629K 1L

Permittivity (¢') and dielectric loss (¢”) were measured
at different temperatures in both the nematic and iso-
tropic phases. The measurements were made in the
frequency region from about 1kHz to 1 GHz using two
impedence analyzers HP4192A (1kHz-13MHz) and
HP4191A (1 MHz-1GHz) connected with an HP87
computer. The measuring cell consisted of two parallel-
plane capacitors located at the end of a coaxial line
[127]. The homogeneous orientation of the molecules in
the nematic phase was obtained by means of a magnetic
field of 1-2T and the measurements were carried out for
a position of the cell in the electromagnet such that the
magnetic field B was parallel to the electric field E (g).
It was estimated that the overall uncertainty was better
than 2% for ¢ and 5% for &". The temperature of the
sample was stable within +0-1 K.

3. Results and discussion

(parallel component), whereas figure 2 shows ¢ and &”
as a function of frequency in the isotropic phase. It is
seen that the relaxation strength in the nematic phase
decreases as the temperature rises and simultaneously,
the effective relaxation time, corresponding to the maxi-
mum of the absorption spectrum, shifts towards lower
values. In the isotropic phase, the relaxation strength is
significantly lower than in the nematic phase and remains
almost constant. The position of the absorption
maximum also changes only very slightly.

It was previously found by Buka et al. [13] that in
the dielectric relaxation spectra measured in the fre-
quency range up to 18 GHz for 4-alkyl-4'-cyanobiphen-
yls (nCB), both in the nematic and isotropic phases, two
relaxation contributions of the Debye-type can be distin-
guished. Results obtained for other liquid crystals with
strong longitudinal dipole moments [14-16] have
shown that the dielectric spectra measured for both the
nematic and isotropic phases can also be interpreted as
a sum of two relaxation processes described by the
Debye functions. Therefore, we too have tried to separate
the relaxation spectra for the liquid crystal material
under investigation into two Debye-type components by
using the following equations:

Figure 1 presents the permittivity, ¢’ and the dielectric (o) = &, + ZZ: A ! (1)
loss, &” versus frequency for I in the nematic phase “ AT+ o
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Figure 1. Paralle] component of permittivity, ¢ (open) and dielectric loss, ¢ (filled) versus frequency for I in the nematic phase.
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Figure 2. Permittivity, ¢ (open) and dielectric loss, ¢” (filled) versus frequency for I in the isotropic phase.

, 2 4 wT; 5

g(w)_izl i1+CU2’(,-2 ( )
where A; and 1; denote the relaxation strength and the
relaxation time, respectively. They are the adjustable
parameters in the fitting procedure.

Figures 3 and 4 show the examples of the decomposi-
tion of the dielectric loss spectra into two components
at two temperatures: T=351-2K (nematic phase) and
T=370K (isotropic phase), respectively. The values of
A; and 1; determined at each temperature are gathered
in table 1, and figure 5 presents the temperature depend-
ence of these quantities. It is seen that the significant
changes at the nematic—isotropic phase transition and
in the nematic phase occur only for 4, and t,.

Previously it was found [ 10, 11] that the liquid crystal
under investigation has a very strong positive dielectric
anisotropy (e.g. at T = 341-2K, Ae = 6:0), indicating that
the dipole moment component along the molecular long
axis, y is considerably larger than the component per-
pendicular to this axis, g, . This suggests that the main
relaxation process, observed both in the parallel com-
ponent of ¢ in the nematic phase and in the isotropic
phase, is, as for other nematogens [ 1, 13-16], connected
with rotation of the molecule around its short axis. In
the mesomorphic phase, because of the existence of the
nematic potential, this process is strongly hindered and

therefore it is observed at frequencies significantly lower
than in the isotropic phase. The origin of the higher
frequency relaxation is not clearly established. In the
absence of a perpendicular dipole moment component,
it cannot be associated with rotation about the molecular
axis. Buka and Leyvraz [5] explained this high fre-
quency process by a combination of the rotational
diffusion and flip-flop model. However, in the case of I,
the -NCS group does not need to be directed exactly
along the molecular long axis and a small component
of the dipole moment perpendicular to this axis may
exist. A transverse dipole moment, different from zero,
can also be connected with the flexibility of the alkyl
chain and its influence on the direction of the overall
molecular axis. Therefore, it seems that the high
frequency relaxation process is related to molecular

Table 1. Relaxation strengths A4;, and relaxation times t;, in
the nematic and isotropic phases for L

Phase T/K A, T,/ns A, 1,/n8
nematic 3412 7-33 5810 045 018
3512 6-63 26:50 047 018

360-8 461 9:30 068 0-45

isotropic 3652 2-51 259 074 036
3700 2:55 2:13 070 0-31

374-8 2:56 1-80 0-66 027
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Figure 3. Decomposition of the dielectric spectrum into two Debye-type absorption bands for I 'in the nematic phase at T=351-2K.
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Figure 4. Decomposition of the dielectric spectrum into two Debye-type absorption bands for Lin the isotropic phase at T=370K.
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Figure 5. Relaxation strengths A, and A4, and relaxation times 7, and 7, as a function of temperature in the nematic and
isotropic phases for L.

rotation around the long axis. This can be confirmed by
the fact that the relaxation time 7, in the nematic state
(at temperatures 341-2K and 351-2K) is lower than in
the isotropic phase. The alignment of the molecules in
the nematic phase favours rotation around the long axis
and this rotation becomes faster than in the isotropic
liquid, where the rod-like molecules of the mesogen are
randomly distributed.

The low frequency relaxation process can be analysed
in terms of theories given by Martin, Meier and Saupe
[3, 17]. They extended the Debye theory [ 18] of dielec-
tric relaxation in liquids and showed that the relaxation
time in the presence of the nematic potential, 7 is larger
than the relaxation time 7, for ¢=0 (no nematic

potential) by a factor:

_ (g #0)
&7 Llg=0y

called the retardation factor. Here ¢ is the height of the
potential barrier. According to the Maier—Saupe mean
field theory of nematics [ 19], the nematic potential has
the following form:

U(0) = gP,(cos 6), (4)

where P,(cos ) is the second Legendre polynomial and
# is the angle between the molecular long axis of the
liquid crystal and the direction of the orientation,
described by the director n.

(3)
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The intermolecular forces, leading to the potential
barrier, cause the orientation of the liquid crystal molec-
ules, and thus it is clear that there is a relationship
between ¢ and the order parameter {P,)>. This order
parameter is defined by [20]:

<Pz>=%(3<00820>~1), (5)
where:
/2
cos? 0f () sin 6d6
(cos? 0y = =—— . (6)
j £(0)sin 0dO
0

Here f(9) is the undisturbed distribution function of the
nematic order. Its simplest form is [ 3, 187:

1O =f(0>exp(— e vin? e). (7)

It is clear that when the degree of order increases, the
rotation of the permanent electric dipole around the
molecular short axis becomes more and more hindered,
which means that the dielectric relaxation frequency
associated with ¢ shifts to lower frequencies. This effect
is seen in figure 1.

The relaxation time 1, in equation (3) is a hypothetical
value for the nematic state without the existence of the
nematic potential. In our experiment we have determined
this through the extrapolation of the temperature
dependence of the relaxation times t1; measured in
the isotropic phase to the temperature of interest in the
nematic phase. Hence the retardation factor, g, for the
rotation of the liquid crystal molecule around its short
axis has been calculated. Next, the barrier height of the
nematic potential, g, using the plots given by Martin
et al. [ 3], has been obtained. The values of 75, ¢ and g
determined at three temperatures in the nematic phase
are presented in table 2. For easier comparison of the
results with data given in the literature, the g values are
given in two different units. Knowing g, the distribution
function, f(#) and the order parameter, {P,> have

Table 2. Relaxation time t,, retardation factor g, height of
the potential barrier ¢ for rotation around the molecular
short axis, and the order parameter {P,) for L

q
T/K To/NS g eV kJ mol } Py
3412 457 12-71 0-140 13-47 0-63
3512 3-74 709 0112 10-80 0-53
360-8 2-94 316 0-078 7-50 0-37

Table 3. Comparison of the order parameters of I obtained
from the different experiments.

T/K (Pt (Py)° (P (P>
3412 063 053 055 050
3512 053 0-46 0-48 0-45
3608 0-37 035 039 032

2This paper.

®From An [10, 11].
From Ae [10, 11].
4From R [10, 11].

been calculated from equations {7) and (5), respect-
ively. It has been estimated that the uncertainty in the
determination of the order parameter was +0-01.

Now let us compare the values of the order parameter
obtained for I from the dielectric relaxation time meas-
urements with those determined using other methods:
the optical birefringence, An, the diclectric anisotropy,
Ag, as well as from the anisotropy of absorption, R,
measured for a dichroic dye dissolved in the liquid
crystalline host {‘guest—-host’ effect [21]). The data are
taken from references [ 10, 117 and are gathered, together
with the results obtained in this paper, in table 3.

It is seen, that the values of (P,> determined {rom
the relaxation time measurements differ from those
estimated by using other experimental methods and the
discrepancy increases as the temperature rises. The
difference, within 20%, between the order parameter
values obtained with various methods has been noticed
previously by many authors [22-257. The discrepancy
between the resuits obtained in this paper and those
presented in references [ 10, 11] for I may arise addition-
ally from the fact that the dielectric relaxation processes
are dominated by the short range order and are strongly
affected by molecular association [ 24, 26287, whereas
measurements of anisotropic properties reflect the long
range orientational order.

This work was supported by Polish Research Project
No. 2P 03B 160 09, coordinated by KBN.
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