This article was downloaded by: [University of Haifa Library]

On: 17 August 2012, At: 10:31

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

= Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Dynamical Behavior of Liquid
Crystals Containing Dispersed
Silica Particles Near Sm A - N

and N - | Phase Transitions
A. Mertelj ?, A. Jakli ® & M. Copie @ ©

& J. Stefan Institute, Jamova 39, 1001, Ljubljana,
Slovenia

® Research Institute for Solid State Physics, 1525,
Budapest, P.O.B. 49, Hungary

¢ Department of Physics, University of Ljubljana,
1000, Ljubljana, Slovenia

Version of record first published: 04 Oct 2006

To cite this article: A. Mertelj, A. Jakli & M. Copié (1999): Dynamical Behavior of
Liquid Crystals Containing Dispersed Silica Particles Near Sm A - N and N - | Phase
Transitions, Molecular Crystals and Liquid Crystals Science and Technology. Section A.
Molecular Crystals and Liquid Crystals, 331:1, 81-87

To link to this article: http://dx.doi.org/10.1080/10587259908047503

PLEASE SCROLL DOWN FOR ARTICLE



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908047503

Downloaded by [University of Haifa Library] at 10:31 17 August 2012

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.



http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:31 17 August 2012

Mol. Cryst. Lig. Cryst., 1999, Vol. 331, pp. 81-87 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Dynamical Behavior of Liquid Crystals
Containing Dispersed Silica Particles Near
Sm A — N and N — I Phase Transitions

A. MERTELJ?, A. JAKLI® and M. COPIC*

2]. Stefan Institute, Jamova 39, 1001 Ljubljana, Slovenia, bResearch Institute Jor
Solid State Physics, 1525 Budapest, P.O.B. 49, Hungary and *Department of
Physics, University of Ljubljana, 1000 Ljubljana, Slovenia

The dynamical behavior of liquid crystal 8CB containing 2% of dispersed silica particles was
investigated using photon correlation spectroscopy. The behavior differs from the one
observed in the bulk. Near the phase transition from the nematic to the smectic A phase the
orientational fluctuations of nematic director are drastically slower than in the bulk and this
strongly resembles the observations in liquid crystals embedded in silica aerogel. The phase
transition from the nematic to the isotropic phase is less affected by the presence of the silica
particles but also in this case a few tenth of degree below the phase transition temperature a
slowing down of the orientational fluctuations was observed.

Keywords: silica particles; liquid crystals; dynamic light scattering

INTRODUCTION

Recently many studies have been devoted to the effect of randomness on
phase transition behavior. Liquid crystalline systems are very convenient for
such studies since they are experimentally very accessible and exhibit a variety
of phase transitions{!]. It is easy to induce various degrees of disorder in the
structure of liquid crystals by either incorporating them into the porous
materials or dispersing small particles in them. Calorimetric studies(2-5] show
that in such random systems the phase transition regions become broadened
and usually shifted with respect to the bulk transitions temperatures.
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Dispersions of silica particles in liquid crystals are primary interesting for
applications in memory devices{1l. The system is, however, interesting also for
fundamental research of effects of disorder on the phase transitions. Small
angle neutron scattering (SANS) showed that the silica particles form loosely
connected porous aggregatesl6), which impose disorder upon the orientation
of the liquid crystal. The system is similar to liquid crystal - silica aerogel
systems and indeed calorimetric studies showed resemblance, i.e., shifted
liquid crystal phase transition temperatures and substantial changes in the
shape of excess heat capacity peaksl3:l. Also static light scattering
experiments were performed to study the effect of quenched disorder on the
long range order of nematic liquid crystalsl].

A powerful tool to investigate the dynamical behavior of liquid crystals is
photon correlation spectroscopyl8.9). Recently many different random liquid
crystal systems have been investigated by this technique. Mostly attention has
focused on the behavior of the liquid crystals embedded in various porous
matrices(10-12]. Bellini ef a/.[12] have studied dynamically scattered light in the
nematic and the smectic-A liquid crystal in an aerogel host. They found out
very complex dynamical behavior that differs from the bulk.

In this paper we present a study of the orientational dynamics of the liquid
crystal octylcyanobiphenyl (8CB) containing dispersed silica particles at the
nematic-isotropic and the smectic A - nematic phase transitions using photon
correlation spectroscopy.

EXPERIMENTS

In our experiments we used a standard photon correlation spectroscopy setup.
The light source was a He-Ne laser with the wavelength of 632.8 nm. The
intensity correlation function gl2)(z) = {J())/(t+ D))KI(OXI(1+ 1)) was measured
using an ALV5000 correlator that enables measurements over a time range of
108 - 103 seconds. We have measured the normalized intensity correlation
function of light exiting the sample as a function of temperature. Following
the selection rules, and to minimize the elastically scattered background, we
chose orthogonal polarizations of incident and scattered light. The amount of
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statically scattered light off the sample was such that the measurements were
in the heterodyne regime and the relaxation rate of the intensity correlation
function is equal to the relaxation rate of the fluctuations.

The investigated sample consists of 2 wt% of hydrophobic silica particles
(R 974) of diameter 12 nm dispersed in the liquid crystal octylcyanobiphenyl
(8CB) that exhibit the nematic (T); = 313.6 K) and the smectic A (Tqy =
306.6 K) mesophases. The thickness of the sample placed between two glass
plates was 10 um. The same dispersion was studied also by small angle
neutron scattering (SANS)I13].

Nematic - isotropic phase transition
In nematic phase the dispersion of silica particles in liquid crystal can be

considered as polydomain system consisting of domains in which nematic
director is uniform. In ordered bulk nematic liquid crystals at a given
scattering vector there are two independent orientational modes that decay
exponentiallyl®l and can be observed in the dynamic light scattering
experiments as a single exponential contributions to the correlation function.
On the other hand, in polydomain nematic liquid crystal due to the averaging
over the different orientation of nematic director the scattered light correlation
function can be described by a stretched exponential exp(-(#/1)*) with
stretching exponent s ~ 0.8{14] and average relaxation rate 1/1.

The measured correlation function in the nematic phase of the composite
system is indeed stretched exponential with the stretching exponent
approximately 0.8 (Fig. 1). The temperature behavior of the average
relaxation rate in the nematic phase is different than in the bulk. While in the
bulk average relaxation rate remains almost constant in studied temperature
region, in composite system it slowly decreases with temperature. The
difference from the bulk becomes more pronounced a few tenths of a degree
below the phase transition to the isotropic phase, where the average relaxation
rate drastically decreases and the stretching exponent becomes smaller
(Fig. 1). Smaller value of stretching exponent indicates the distribution of
relaxation rates of the fluctuations is broader. This can be understood
considering that the calorimetric studies of such systems show in this
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temperature region coexistence of phases{>). Since the relaxation rate depends
on the size of the region in the nematic phase and in the coexistence of the
phases the size of nematic parts varies this can be the reason for broadened
correlation function.
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FIGURE 1: Temperature dependence of the stretching exponent and
relaxation rate near the nematic - isotropic phase transition. The outer
scattering angle is 30°.

matic - smecti h nsiti
Besides well defined nearly exponential part described in the previous
subsection the measured correlation function already in the nematic phase
exhibits a long logarithmic tail. When approaching the phase transition
temperature to the smectic A phase the amplitude of this tail grows (Fig. 2).
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This is very similar to the behavior of liquid crystal embedded in the
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FIGURE 2: Measured scattered intensity correlation function for different
temperatures at the nematic - smectic A phase transition.

We have fit the correlation function with two parts, both of stretched
exponential form. The first, with fixed stretching exponent of 0.81 determined
in the nematic phase, corresponds to the usual director orientational
fluctuations. Their relaxation rate in the region of the transition does not show
any significant temperature dependence. The situation is, however, different
for the second part that describes the tail. Both the relaxation rate and the
stretching exponent of the second part exhibit a discontinuity at a certain
temperature that depends on whether the system is cooled or heated (Fig. 3).
Below this temperature the relaxation rate exponentially decreases with
temperature. It goes from a few tenths of a kHz down to 10-5 kHz, which is
also the experimental limit of our setup. The fit exp(a+b7) to the data gives b
~ 10 K-1. This behavior is not typical for conventional random-field systems
which follows the Vogel-Fulcher law, i.e., relaxation rate ~ exp( - B/(7-T*)).
Similar temperature dependence of the relaxation rate was also observed in
the liquid crystal in the aerogell!2l, but there the relaxation rate saturates at
the temperature where correlation length of the smectic phase become
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comparable to the typical pore size of the aerogel. No such saturation of the
relaxation rate in the liquid crystal - aerosil system suggests that no typical
length as a pore size exists in this system. This is in agreement with the SANS
experiments in these systems!6].
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FIGURE 3: Stretching exponent and characteristic relaxation rate of the
tail of the correlation function vs. temperature. Line is exponential fit
exp(a+b7) to the data with parameter b ~ 10 K1,

CONCLUSIONS

In conclusion, we have studied the dynamical behavior of liquid crystal
containing dispersed silica particles near the nematic - isotropic and the
smectic A - nematic phase transitions. In the temperature region where
calorimetric studies show the coexistence of the nematic and the isotropic
phases the relaxation rate of the director orientational fluctuations drastically
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decreases. More interesting is dynamical behavior around and below the
nematic - smectic A phase transition temperature. Similarly as in liquid crystal
embedded in silica aerogel also in this system a process with a broad
distribution of relaxation times is observed which amplitude significantly
increases when approaching phase transition to the smectic A phase. In order
to better understand the dynamical behavior close to this phase transition
further experiments have to be performed, e.g. dependence on the
concentration of silica particles.
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