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Experimental studies of dielectric relaxation in the nematic and isotropic phases of 6CB
(4-hexyl-4'-cyanobiphenyl) and two mixtures of 6CB perturbed by 160 A hydrophobic silica
aerosil are presented. The measurements have been made from 1 MHz to 1 GHz in the
temperature range from 19 to 40°C. For bulk 6CB, the dynamic aspect in the isotropic phase
as well as the principal dielectric permittivities & (w) and &7 (w) in the nematic phase have
been fully explored. For the mixtures, measurements on the isotropic phase and also on
homeotropically aligned samples in the nematic phase have been made, and these results are
systematically compared with those for the bulk. The possible molecular reorientational
movements corresponding to the different absorption domains in the dielectric spectrum are

discussed and compared with the previously proposed interpretations.

1. Introduction

Much work has been done in the past few years on the
effect of confinement of liquid crystals (LCs) in restricted
geometries [1]. Included in such work are studies of
LCs in silica aerogels [2, 3] and random porous media
[4-7]. The interaction of a liquid crystalline compound
with a solid surface depends on the nature of both the
surface and the liquid crystalline material. Recently,
dispersions of silica nano-particles covered with hydroxyl
groups (aerosil) have been studied intensively [8—117.
These particles can hydrogen bond to form a gel network
and allow the introduction of disorder in the LC.

In a previous article [11] we investigated the static
and dynamic aspects of five mixtures of homeotropically
aligned samples of 7CB perturbed by the dispersion of
70 A diameter hydrophilic silica aerosil spheres. These
measurements were made from 75kHz to 30 MHz in
the temperature range 30 to 60°C. The static dielectric
permittivity in both the isotropic and nematic phase
regions along with the evolution of the shift in the
nematic—isotropic (N-I) transition temperature were
analysed systematically as a function of silica aerosil
density. Bulk-like relaxation processes connected with
the molecular flips around the short axis were found to
follow Arrhenius-type behaviour in the nematic phase
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except in the vicinity of the N-I transition temperature.
These processes are slightly faster in the mixtures than
in the free phase. A new dielectric process in the low
frequency range, absent in the bulk, was observed in
samples with a very high silica concentration. It was
suggested that this new process is due to the hindered
rotation of molecules located in the surface layers formed
by the 7CB molecules and the silica aerosil surface.

The present investigation involves a broadband
dielectric study of 6CB (4-hexyl-4'-cyanobiphenyl) and
6CB perturbed by the dispersion of 160 A diameter
hydrophobic silica aerosil spheres (phobic sils) in the
frequency range from 1 MHz to 1 GHz. In the case of
hydrophobic silica aerosil with surface CH; groups, no
specific interaction such as hydrogen bonding can occur
for any LCs [ 12]. Results on 6CB and on two mixtures
of 6CB+ phobic sils are presented in order to probe
the systematic effect of the phobic sil suspensions on the
dynamic properties in the high frequency range of the
6CB molecules in the isotropic and in the nematic
phases. Following a recently proposed molecular inter-
pretation of the dielectric relaxation of nematic LCs
[13], the complex dielectric permittivity for pure 6CB
has been fully investigated for the nematic and the iso-
tropic phase. For mixtures, the dynamical behaviour of
the dielectric permittivity in the isotropic phase along with
that of the longitudinal component (¢f) in the nematic
phase have been explored and compared consistently
with the results from the bulk phase.
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2. Experimental

The present experiment consists of measuring the real
(¢') and imaginary (¢”) parts of the complex dielectric
permittivity (&*) of the liquid crystal 6CB and two
dispersions of hydrophobic silica aerosil. The measure-
ments were made in the frequency range 1 MHz to
1 GHz using a Hewlett-Packard 4291B RF Impedance/
Material Analyzer. The dielectric test fixture, suitable
for liquid crystal material measurements, was designed
and fabricated in our laboratory. It takes complete
advantage of the HP 4291B RF Impedance/Material
Analyzer built-in compensation software and capabilities.
The test fixture is properly centred inside a temperature
controlled cylindrical cavity. This cavity is connected to
the ground potential to be used as a shield against any
noise pick up. Temperature control and measurement
are, respectively, achieved by a circulatory fluid inside
the walls of the cylindrical cavity and an HP 2850 quartz
thermometer probe. The accuracy and stability of the
temperature measurements is better than 0.01°C. In the
nematic phase, the molecules were oriented by means of
a magnetic field of 0.4 T.

The 6CB plus aerosil systems were prepared following
the solvent preparation method described in [14]. After
drying the aerosil powder at 200°C overnight, it is added
to a solution of the LC in pure acetone (0.02g LC
per cm® of solvent). Then the mixture is sonicated for
1h to achieve good dispersion. Afterwards, the solvent
is evaporated off slowly (15 h) above 43°C before the
sample is placed in a vacuum system at 10™° torr and
pumped continuously for one day at 50°C. The resulting
density p, denotes the grams of silica aerosil per cm® of
liquid crystal.

For the present experiment, a hydrophobic aerosil
(type R972) was used as obtained from the Degussa
Corp. [15]. This sil consists of 160 A SiO, spheres, with
a specific surface area of 110 m* g~ * as determined from
a Brunauer—Emmet—Teller adsorption isotherm [15].
The liquid crystal 6CB was obtained from the Merck
Ltd. (UK) and was used without further purification.

3. Results and analysis

We have measured the dielectric properties of 6CB
and 6CB perturbed by two dispersions of 160 A hydro-
phobic silica aerosil spheres over the temperature range
19 to 40°C. The nematic to isotropic transition temper-
ature (Ty;) for pure 6CB is around 29°C. For the two
mixtures, the silica aerosil concentrations in 6CB are
ps=0.062 gcm™ > and ps=0.130 gcm™>. Figure 1 pre-
sents typical frequency-dependence spectra of the real
(@) and the imaginary (b) parts of the dielectric permit-
tivities measured for pure 6CB on the isotropic phase
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Figure 1. The frequency dependence of the real (@) and the
imaginary (b) parts of the parallel and perpendicular
components of the dielectric permittivity in the nematic
phase and in the isotropic phase for 6CB. The dielectric
data are presented in the form of Cole—Cole plots in (c).

(T =38.15°C) and on the nematic phase (¢ and ¢, at
T =27.70°C). In figure 1(c), the same results are pre-
sented in the form of Cole—Cole plots. For the sake of
comparison and in order to characterize the influence
of disorder and randomness introduced by the silica
aerosil network on 6CB, figure 2 shows the imaginary
part of the spectrum (g} ) for bulk 6CB along with that
for two dispersions of silica aerosil in 6CB in the nematic
phase at 23.26°C. As mentioned above, these measure-
ments were taken in the frequency range from 1 MHz
to 1 GHz. One can see from figure 2 that the maximum
in the loss curve becomes flattened and decreases in
magnitude with increasing silica concentration. A broaden-
ing of the loss curve is usually associated with the
broadening of the spectrum of relaxation times associated
with the dispersion.
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For the quantitative analysis of the dielectric spectra,
the Cole—Cole equation [16] has been used:

e (w) =g, (w)— gl (w)

Ag;
=t 2

T oy @b @)

Here ¢, is the high frequency limit of the permittivity,
Ag; the dielectric strength, t; the mean relaxation time
and j represents an index number for the relaxation
processes. The exponent o; (0<o;< 1) represents the
distribution of the relaxation times and goes to zero
when a single relaxation is effective. Both the real and
the imaginary parts of the dielectric permittivity have
been analysed. The fitting of the Cole—Cole equation
to the experimental spectrum has been performed using
a least square fitting procedure. The resolution of the
spectrum into elementary dielectric processes and the
attribution of each process to a particular mode of

10°

f/Hz

Figure 2. Comparative plots for the imaginary parts of the spectra of the parallel component of the dielectric permittivity for
6CB, and for the mixtures p, = 0.062 and 0.130 gcm™ > in the nematic phase at T = 23.26°C.

molecular motion are the most difficult tasks in dielectric
relaxation studies. This has been a subject of numerous
investigations [ 17, 18]. In the following, we analyse first
the dynamical behaviour of 6CB and 6CB-silica aerosil
mixtures in the nematic phase. Figure 3 presents the
numerical decomposition of the experimentally obtained
¢ and ¢” for pure 6CB into components described by
the Cole—Cole equation.

In our analysis of the dielectric data for the nematic
phase for 6CB and also for the mixtures, we have
followed the recently proposed model by Jadzyn et al.
[13] for the interpretation of the molecular dynamics
in oriented nematics. The molecules in the anisotropic
phase rotate around three axes of symmetry. Two of
these axes concern the molecule itself (the molecular
long and short axes) and the third axis is the director n.
Figures 3 (a) and 3(b) show, respectively, the resolution
of the components ¢ (w) and &7 (w) for pure 6CB into
three elementary absorption bands in accordance with



Downl oaded At: 17:51 25 January 2011

462 A. Hourri et al.

(@)

18

(b)

10

Isotropic phase

0 2 Y | | | |
2 4 6 8 10 12 14

e

Figure 3. Cole—Cole plots for bulk 6CB. The dashed lines represent the elementary contributions to the total dielectric absorption
spectra corresponding to the molecular motion in the nematic (a, b) and isotropic (c¢) phases.
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Jadzyn’s interpretation. These bands, i.e. 1, 2 and 3 [see
figures 3(a) and 3(b)], with characteristic frequencies,
respectively, in the range of 10 MHz, 100 MHz and
1 GHz, are to a good approximation of the Debye type
(oj~ 0.01). They correspond to different modes of molecular
motion: band 1 corresponds to the rotation around the
molecular short axis and band 2 is related to molecular
rotation on the cone around the director n, while band
3 originates from the molecular rotation around the
molecular long axis.

Figures 4 and 5 present, respectively, the temperature
dependence of the relaxation times and the correspond-
ing dielectric strengths for bulk 6CB. From these figures
and in concordance with the above-mentioned model,
the shortest relaxation time (t3) appears in both & (w)
and & (w) with approximately the same strength. As
pointed out by many workers [19,20], the molecular
rotation around the short axis, ie. (t}) and (ti), is the
only movement which shows significant differences when
investigated for both orientations in the nematic phase.
This effect could be due to the occurrence in the low
frequency range of a temporary orientation defect. Druon
and Wacrenier [20] have supposed that this defect is

463

related to the existence of small groups of associated
molecules with a lifetime of the same order of magnitude
as tl.

For 6CB+ aerosil mixtures, figure 6 displays com-
parative plots with bulk 6CB for the temperature
dependence of the relaxation times. In the nematic phase,
only the longitudinal component & (w) for the mixtures
has been measured. One can see in figure 6 that all the
processes for the mixtures are bulk-like processes which
compare well with those for bulk 6CB. It is worth
mentioning that during our quantitative evaluation of
the dielectric permittivity of the mixtures, the same
analysis as for pure 6CB has been followed. Nevertheless,
eventualities where the appearance of a new relaxation
process or the suppression of a bulk-like process in the
mixtures have been systematically investigated in our
measuring frequency range.

In the isotropic phase, despite numerous studies on
the subject, the situation is still not clear. Using the
logarithmic distribution functions of relaxation times
G(In 1), earlier dielectric studies of 7CB and 8CB by Bose
et al. [18,21] showed the existence of three relaxation
frequencies in the isotropic phase. They localized one
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Figure 4. Temperature dependence of the relaxation times corresponding to the different molecular processes of 6CB molecules.
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Figure 5. Temperature dependence of the dielectric strengths for the different absorptions bands for 6CB molecules.

low frequency process in the 30 MHz range and two
high frequency processes in the 200 and 600 MHz ranges.
It is worth mentioning that by using the distributions
functions, one does not need prior knowledge about
how many relaxations processes there may be in a given
phase before fitting the experimental data. In their recent
work on 6CHBT, Jadzyn et al. [ 227] showed the existence
of only two relaxation times in the isotropic phase. One
low frequency relaxation process was due to the rotation
of the molecules around the molecular short axis and a
high frequency relaxation process in the 1 GHz range,
which goes deep into the nematic phase, related to the
rotation of the molecules around the molecular long
axis. In the present study, fits of our isotropic dielectric
data with three relaxation times seem to reject the high
frequency relaxation (near 1 GHz), probably because of
its small strength, resulting in two longer relaxation
times than when fitted with two relaxation times with
all the parameters free. We also obtained a reasonable
fit with two relaxation times by leaving the parameters
of the low frequency process free and fixing the high
frequency relaxation time around 900 MHz.

In an attempt to resolve the dielectric spectrum into
elementary contributions based on the best fit in the
isotropic phase, we took into account both the absorp-
tion and the dispersion curves to obtain the minimum
value for

S= g {[Sﬁy)bs(wl)_ Séalc(wl)]2+ [Sgbs(wl)_ Sgalc(wl)]z}
(2)

where m is the number of data points. The most appro-
priate number of elementary processes involved is deter-
mined by the minimum of the standard deviation o, =
[S/(m — 2p)]"* which takes into account the quality of
the fit (value of S) and the number of degrees of freedom
(m —2p). From our analysis, the fits of the experimental
data with two relaxations in the Cole—Cole equation
with all the parameters free were the best. Figure 3 (c)
shows the resolution of the Cole—Cole plot at T =38.15°C
into two elementary contributions for the bulk 6CB.
From the results of our fits, the values of the Cole—Cole
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Figure 6. Comparative plot of the temperature dependence of the longitudinal relaxation times for the different modes of

molecular rotation of 6CB molecules in the bulk and in the mixtures p, =0.062 gcm™

ps=0.130 gcm ™ >.

distribution parameter o; (j =1, 2) for the two contri-
butions varies between 0.026 at 38.15°C to a value of
0.08 at the lowest temperature in the isotropic phase.
The second relaxation mechanism, i.e band 2 in figure 3 (c),
has a characteristic frequency in the range from 117 MHz
at 29.15°C to 164 MHz at 38.15°C (see figure 6). As a
director does not exist in the isotropic phase (disordered
phase), this relaxation process could not be due to
molecular rotation on the cone around the director n.
It is therefore probably connected with some sort of a
weighted average of all relaxation processes where the
measuring electric field sees simultancously relaxations
of molecular rotation along the short and long axes.
Figure 7 presents for comparison the temperature
dependence of the dielectric strengths in the isotropic
phase and in the nematic phase for the longitudinal
component of the dielectric permittivity for 6CB and the
mixture ps =0.130 gcm™>. At a given temperature in
the isotropic phase, the dielectric strengths Ae®? (i=1, 2)
for both processes are lower for the mixture than for the
bulk 6CB. However, as seen in the figure, the isotropic
strength A&'® seems to decrease with decreasing tem-

* (in the nematic phase only) and

perature towards the relaxation strength A&® in the

nematic phase, which is connected with the rotation of
the molecules around the molecular long axis. At fixed
temperature in the nematic phase, the dielectric strength
of the first process Ae" is also higher for pure 6CB
than for the ps =0.130 gcm™*® mixture. This behaviour
may be due to the silica aerosil network, which induces
disorder and defects that degrade the orientational order.
For the strengths Ag'® and A&¢'®, no noticeable differences
between bulk 6CB and the mixture with ps=0.130 gcm ™
can be inferred from their temperature dependences.
This is probably because of their small values and an
estimated error of around 30% in their determination
from the fits.
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