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

On: 17 August 2012, At: 10:38

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.

e Molecular Crystals and Liquid
Crystals

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

Dislocation Mobility in Smectic
Liquid Crystals

l. Lelidis ® , M. Kléman ° & J. L. Martin ?

# Département de Physique, Institut de Genie
Atomique, Ecole Polytechnique Fédérale de
Lausanne, CH-1015, Lausanne, Switzerland

b Lmcp (UMR 7590), Universités de Paris VI et Paris
VII, case 115, 4 place Jussieu, 75252, Paris, Cedex,
05, France

Version of record first published: 24 Sep 2006

To cite this article: I. Lelidis, M. KIéman & J. L. Martin (1999): Dislocation Mobility
in Smectic Liquid Crystals, Molecular Crystals and Liquid Crystals Science and
Technology. Section A. Molecular Crystals and Liquid Crystals, 330:1, 457-464

To link to this article: http://dx.doi.org/10.1080/10587259908025622

PLEASE SCROLL DOWN FOR ARTICLE

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,



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908025622
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 10:38 17 August 2012

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.




Downloaded by [University of Haifa Library] at 10:38 17 August 2012

Mol. Cryst. Lig. Cryst., 1999, Vol. 330, pp. 457464 © 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

Dislocation Mobility in Smectic Liquid Crystals

I. LELIDIS?, M. KLEMANP and J L. MARTIN?

2Département de Physique, Institut de Genie Atomique, Ecole Polytechnique
Fédérale de Lausanne, CH-1015 Lausanne, Switzerland and YLMCP (UMR
7590), Universités de Paris VI et Paris VII, case 115, 4 place Jussieu, 75252
Paris Cedex 05, France

We measure the edge dislocation mobility in thermotropic smectic compounds by in situ
deformation experiments. An array of dislocations is created in a wedged homeotropic liquid
crystal cell. As it is well known, the dislocations are visible in polarized optical microscopy
near the smectic A-C transition. Under compression the nhumber of layers adjusts to the sam-
ple thickness. For slow enough strain variation, we observe the edge dislocations climb and
can measure their mobility. We report here some preliminary observations of edge and screw
dislocations in smectic liquid crystals and of their dynamics under controlled deformation.

Keywords: dislocation mobility; dislocation density; thermotropic smectics

INTRODUCTION

The aim of this work is to study the plastic properties of smectics in
connection with their imperfections. The description of macroscopic plasticity in
terms of mobility of imperfections has been mostly studied in the field of
crystals'". However, quantitative correlations between defects mobilities and
macroscopic deformation rates have never been convincingly established because
of uncertainties on dislocation velocities and mobile dislocation densities. The
smectics appear to be ideal materials for such kind of studies because i) of their
periodic and one dimensional character ii) defects can be visualized over the
whole sample through optical microscopy'*".

In order to observe edge dislocations in smectics two sitnations are

favorable: i) in the thermotropic smectic-A phase, near the smectic-C transition'!
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and ii) in the La lyotropic lamellar phase'*®), by doping with appropriate dyes.

We use the technique of Meyer, Stebler and Lagerwall): near the smectic-A to
smectic-C transition, the strains associated with a single edge dislocation modify
the structure of the sample in a way that the dislocation is made visible by using
polarized microscopy.

EXPERIMENTAL PART

The experimental set-up is composed by a polarized-light optical microscope
(Leica DMRP), an oven (with a temperature stability of | mK, Instec mK)
mounted on the stage of the microscope, and a deformation micro-device, built in
house, which was designed to fit the oven. The deformation is produced by a
couple of piezoelectric elements which permit a vertical displacement in the range
from Inm to 300nm. For a liquid crystal thin film of a few micrometers thick,

the corresponding normal strain component is then : Ae ~107-10". The

transmitted stress acts on another couple of piezoelectric elements cemented on
the opposite glass plate and it is measured using an electrometer. The rate of the
deformation is controlled with the slope of the voltage supplied by an arbitrary
wave function generator and amplified by'a high voltage amplifier. For high
frequency processes defects do not show up while for low frequency ones they
play an important role. In the latter case, we observe edge dislocation climb
which is recorded using a 3CCD camera for further analysis. A detailed
description of the experimental set up and of the sample preparation will be given

elsewhere!”

. The liquid crystal compound is a fluorinated alkoxyphenyl
alkoxybenzoate ester (BDH179) which undergoes the following transitions: C-
SmA at 56°C, SmA-SmC at 55°C when cooling, and SmA-I at 79°C.

A typical sample is composed by two optically flat glass plates in a wedge
geometry. The plates are treated with a surfactant (silane) to orient the liquid
crystal molecules with their long axis perpendicular to the plate surface
(homeotropic anchoring), i.e., the smectic layers are anchored paralle! to the

glass surfaces. The liquid crystal is introduced between the plates by capillarity
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and the sample is mounted in an oven. When the sample is in the SmA phase, the
wedge geometry gives rise to a tilt subboundary in the middle plane of the
sample, made of edge dislocations parallel to the edge of the dihedron. However
they do not exhibit any optical contrast. When cooling the sample from the SmA
phase, near the critical temperature of the SmA-SmC phase transition, edge
dislocations become visible and form a regular one dimensional network (see
figure 1). This happens because the strains associated with a single dislocation
change the transition temperature. A compressive stress normal to the layers
raises the transition temperature and so favors the SmC phase (the rodlike

molecular axis is tilted by a polar angle 8 with respect to the layer normal) while

a tensile stress lowers it'®,

FIGURE 1 Typical edge dislocation array, viewed between crossed
polarizers, at a temperature close to the SmA-SmC transition. The period of the

dislocation array is about 4um.
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RESULTS AND DISCUSSION

Figure 1 shows a typical edge dislocation array viewed between crossed
polarizers. Domains of different orientations are separated by walls, whose
appearance has been discussed elsewhere™. The period of the dislocation array is

about 4um. The edge dislocation density is 1.5x10’cm measured in a plane

parallel to the smectic layers. The array of dislocations is visible within a
temperature range of the order of 1°C depending on the thickness of the sample.
The Burgers vector of the dislocations is the product of the angle between the
glass plates and the period of the array. The wedge angle is of the order of
~10*-10" rad and is measured by illuminating the cell by a laser beam and
measuring the angle of the reflected beams. The Burgers vector thus obtained is
of n = 1 smectic layer. The interesting point of this geometry is that under an
applied stress along the layers normal (z axis):

033 = Ba‘/al

where B is the static compressibility (~10" erg/cm®), the dislocations should
experience a Peach-Koehler force!'” parallel to the layers''*:

F, = edoy,

where €=%1 according to the sign of the dislocation, and d is the thickness of a

smectic layer. In thermotropic smectics one expects climb to be easier than glide
03 i.e., the motion of a dislocation within a smectic layer, perpendicularly to its
Burgers vector, should be easy, due to the easy diffusivity of the molecules from
a layer to the next. Climb is a non-conservative effect (it requires displacement of
matter through the layers). The dislocations move to relax the stress.
Experimentally under compression (see figure 2), we observe that dislocations
move in the plane of the grain subboundary towards the thicker part of the
sample. For slow enough strain rates (frequencies lower than ~1 Hz), we can

observe the climb of edge dislocations and measure their mobility m (defined as
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the ratio of the velocity over the stress inducing the displacement: m = v/07,,). A
typical velocity for the dislocation climb is v~5 10° cm/sec. The mobility for
relaxation under constant strain is then of the order of 10® cgs units. Using
Einstein relation mk,,Toz'2 = D, where az(a ~ 0.5nm) is a typical cross section
of a molecule in a plane parallel to the layers, and D a diffusivity, one finds

D ~ 4x 10 cm?/s, which is a very reasonable value.

l633
-
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FIGURE 2  Schematic cross section of a wedge-shaped sample, containing a
tilt subboundary of edge dislocations, under compression. The dislocations
move to the right by the action of the Peach-Koehler force.

Figure 3 shows another edge dislocation array of Burgers vector n = 1. The
main difference with respect to the first figure is that now the dislocations are
strongly pinned. This pinning results from a higher density of screw dislocations
in the latter sample, due to a different sample preparation process'”. The screws
are lying perpendicularly to the plane of the edge dislocation array. The points of
intersection between screw and edge dislocations can be readily counted and we
can calculate the screw dislocation density which is ~10%cm®. Within the linear
theory approximation screw dislocations in smectic A have no self energy (they



Downloaded by [University of Haifa Library] at 10:38 17 August 2012

462/[1706] L LELIDIS et al.

have only a core energy) nor do they interact among themselves. Therefore, a
high density of screw dislocations can be achieved. When the sample is
compressed we obtain a threshold above which the motion of the edge
dislocations is no more obstructed by the screws. Near the SmA-SmC transition
we have observed that unpinning occurs spontaneously from thermal
fluctuations, suggesting that the pinning energy is rather small, probably of the
order of Kd, where K is a Frank coefficient and 4 the smectic layer thickness
(Kd~k,T at room temperature in a thermotropic phase of small molecules).

FIGURE 3 Array of edge dislocation in a wedge-shaped sample, viewed
between crossed polarizers. The edge dislocations are strongly pinned on screw
dislocations.

Another kind of defects in smectics are helical dislocations. Their existence
was predicted a long time ago™® but they have never been observed. When an
homeotropic sample is compressed or dilated a screw dislocation, i.e., a straight
dislocation line anchored on both boundary glass plates and perpendicular to the
layers, change shape creating a loop. The number of such loops increases with
the strain. Each loop is equivalent to the removal (compression) or addition
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(dilatation) of an extra layer around the dislocation. The existence of the above
helical instability of the screw dislocation was suggested by relaxation time
measurements of homeotropic smectic samples under compression"”. Figure 4
shows a helical dislocation we observed in a SmA sample after compression.

The diameter of the helix is ~9uum and its pitch is ~6pm. This observation opens

the possibility to check directly the hypothesis of edge dislocation multiplication
from an helical source during deformation.

FIGURE 4  An helical dislocation in the smectic-A phase viewed between

crossed polarizers. The pitch of the helix is 6pum.

CONCLUSION

In conclusion, we directly observed edge dislocation climbing under
controlled compression, and measured the climb velocity and the screw
dislocation density in a SmA liquid crystal. We are presently carrying a detailed
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quantitative study of the edge dislocation mobility while defect multiplication
under strain will be the next subject of this work. Conceming defect
multiplication we have observed the creation of helical dislocations under
deformation of the liquid crystal.
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