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THERMAL FLUCTUATIONS OF DISCLINATION
LINES IN A THIN NEMATIC FILM

Alenka Mertelj, Mojca Vilfan, and Martin C’opié
J. Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia

Martin C’opié
Department of Physics, University of Ljubljana,
Jadranska 19, SI-1000 Ljubljana, Slovenia

Polarisation microscopy and dynamic light scattering were used to study the
dynamical behaviour of disclination lines in a thin nematic film of 5CB. Our
experiments show that the lines exhibit thermally excited diffusive motion with
the ends of disclination lines being pinned to the surface. In the dynamic light
scattering experiments a process with a broad distribution of relaxation times
was observed, which was due to the diffusion of the disclination lines with
different lengths and orientations. Polarisation microscopy was used to follow
the time dependence of the displacement of a single disclination line, which
enabled the measurements of the diffusion coefficient and the line tension of the
disclination lines in the samples.

Keywords: disclination lines; thermal fluctuations; polarisation microscopy; dynamic light
scattering

INTRODUCTION

Defects in liquid crystals have been subject of interest from the discovery
of the liquid crystals until today [1]. Since liquid crystals exhibit a rich
variety of phases they are interesting for the fundamental research of phase
transitions as well as for studies of behaviour of topological defects in
phases with different symmetries. The defects in the liquid crystal can
occur during symmetry breaking phase transitions, under external fields, or
they appear because of the impurities or confinement of liquid crystal
samples in thin films, pores, etc. with frustrating surface anchoring. Many
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studies on liquid crystalline systems focus on properties of the defects,
such as their structure, coarsening dynamics, their effect on the static and
dynamical properties (see for example Ref. [2]).

The simplest of the liquid crystalline phases—the nematic phase—got
its name from the disclinations that form threadlike structures. Topological
and static properties of these disclination lines have been thoroughly stu-
died and are well understood, while less attention has been given to their
dynamical properties. Theoretical studies mostly deal with forces and
motion of disclination lines in bulk and in nonequilibrium situations [3,4],
although rare studies of dynamical properties of disclination lines in con-
fined geometries also exist [5].

Experimentally the dynamical behaviour of disclination lines can be
conveniently studied by polarisation microscopy [6] and dynamic light
scattering (DLS) [7]. Only few experimental studies have been carried out
so far. Miike et al. [7] studied random motion of disclination lines in con-
vective flow and Cladis et al. [6] the motion of the line defect under the
action of an applied voltage.

In this contribution we present a study of thermal fluctuations of
disclination lines in thin nematic film using dynamic light scattering and
polarisation microscopy.

EXPERIMENT

The samples used in our experiment were thin planarly aligned nematic
cells. The alignment layer was photoactive poly-(vinyl-cinnamate), pre-
viously illuminated with linearly polarised UV light. A detailed description
of the preparation of alignment layer can be found elsewhere [8]. The glass
plates with treated alignment layers were then used for preparation of cells
which were filled with liquid crystal 4-pentyl-4’-cyanobiphenyl (5CB) in the
nematic phase. The thickness of the cell was determined by interferometric
method using a spectrophotometer and the thickness in the region
observed in our experiments was found to be approximately 800 nm. The
same sample was used for both dynamic light scattering experiment and
polarisation microscopy.

In the dynamic light scattering experiment the light source was a He-
Ne laser with the wavelength of 632.8 nm. The intensity correlation function
was measured using an ALV-5000 correlator that enables measurements
over a time range of 108 —10° seconds. We have measured the normalised
intensity correlation function g® (1) = (I()I(t+1))/{I(t))({I(t + 1)) of
light exiting the sample. Besides well defined orientational fluctuations of
the nematic director a process with a broad distribution of relaxation times is
also present (Fig. 1).
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FIGURE 1 Autocorrelation function measured with the dynamic light scattering
experiment. Faster relaxation is exponential and it is due to the director orienta-
tional fluctuations. Slower process, the dynamics of the disclination lines, has a
broad distribution of relaxation times due to the diffusion of the disclination lines
with different lengths and orientations.

Microscope image in the observed area of the sample revealed the
presence of disclination lines (Fig. 2), so we attribute the process with a
broad distribution of relaxation lines to the diffusive dynamics of the
disclination lines. However, the analysis of DLS data is rather complicated
since one probes simultaneously the disclination lines with different
lengths and orientations, i.e. the distribution of the orientations and
lengths of the disclination lines should be extracted from the miscroscopic
image and in the DLS experiment one should ensure that the whole dis-
tribution is probed (by for example translating the sample). So we used
polarisation microscopy to examine the region shown in Figure 2 instead.

Sequences of images were taken with time delays between successive
images of 56ms, 1s, 10s, and 60s. Comparison of the images taken at
different times showed that the disclination lines exhibit diffusive motion,
i.e., thermal fluctuations. Single disclination lines were then analysed. First
the position of the line r;(¢) at different times ¢ was determined, where i
denotes the i-th point of the line (the points are approximately one pixel,
i.e., 0.33 um apart). Then the displacement s;(t) was calculated (Fig. 3).
The fluctuation modes of the disclination line were obtained by calculating
the spatial Fourier transform of the displacement s(gn,t), where
gn = (nm)/l and [ is the length of the disclination line. Autocorrelation
function of the Fourier transform of the displacement

G (1) = (s % (qn, t + 1)s(qn, 1))

gives then the time behaviour of the modes. The amplitude GV(0) as
a function of g, is shown in Inset of Figure 4 with the 1/¢fit. Time
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FIGURE 2 The polarised microscope image of a part of thin film with disclinations.

autocorrelation functions of the first three modes are shown in Figure 4.
The autocorrelation functions of higher modes are very noisy due to low
amplitudes and relatively short measuring times. The relaxation time of
first mode tp of fluctuations was determined by fitting the corresponding
autocorrelation function by a single exponential function. Diffusion
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FIGURE 3 The displacement of the disclination line s was determined from two
successive positions of the disclination line.
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FIGURE 4 Time autocorrelation function of the Fourier transform of the dis-
placement for the first three Fourier components. The length of the disclination line
was 8.6 um. Inset: Dependence of the average amplitude of the Fourier components
on the wave vector.

constant was then calculated using the relation 1/tr =D q°. From the
calculated value D ~ 5 - 10714 m? /s, line tension of the disclination line was
determined ¢ = Dy ~ 5 - 10715 N, where 1.4 is the effective viscosity [6].

Measured value of the line tension is smaller than expected from the
theory for the disclination line in bulk [4]

c=nKs*In(L/a),

where K is the Frank elastic constant, s the strength of the disclination, L
the size of the system, and a the core size of the disclination line. We
attribute this to the surface effects, the edges of the disclination lines are,
namely, pinned to the surface and the film thickness is comparable to the
size of the disclination so the disclinations can exhibit only two dimensional
motion.

CONCLUSIONS

In conclusion, the line tension of a disclination line in a thin nematic film
was measured using polarisation microscopy. Obtained value is smaller
than expected in the bulk. We attribute this to surface, which affects the
restoring force that forces the disclination line back to the equilibrium
position after it exhibit thermal fluctuation and probably it also affects the



Downloaded by [University of Haifa Library] at 10:59 11 August 2012

[316]/146 A. Mertelj et al.

effective viscosity. Dynamic light scattering experiments were also carried
out, but the quantitative analysis of the data is rather difficult since one
probes simultaneously the disclination lines with different lengths and
orientations. However, a long tail in the autocorrelation function seems to
be typical signature of the defect dynamics and have been observed in
different confined nematic systems [9,10], so the DLS can be used to probe
the dynamics of the defects either in systems where the defects are too fast
to be probed by polarisation microscopy or in systems that due to turbidity,
thickness, orientation etc. can not be investigated by a microscope.
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