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Electric-field-induced deformation dynamics of a single nematic disclination
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Disclinations in nematic liquid crystals usually adopt a straight shape in order to minimize their elastic
energy. Once created in the course of a honequilibrium process such as a temperature quench from the isotropic
to the nematic phase, the topologically stable disclinations of half-integer strength either annihilate each other
in pairs of opposite strength or form topologically unstable disclinations of integer strength. In this article, we
demonstrate that the annihilation process can be inhibited and the defects can be deformed by an applied
electric field. We study the disclination lines in the deep uniaxial nematic phase, located at the boundary
between two different types of walls, the so-calteavall (a planar soliton stabilized by the surface ancharing
and the Brochard-LégéBL ) wall stabilized by the applied electric field. By changing the electric voltage, one
can control the energy of director deformations associated with the two walls and thus control the deformation
and dynamics of the disclination line. At small voltages, the disclinations are straight lines connecting the
opposite plates of the cell, located at the two ends ofitlealls. Thes walls tend to shrink. When the voltage
increases abovig, the Fréedericksz threshold, the BL walls appear and connect pairs of disclinations along a
path complementary to the wall. At E> 2Eg, the BL walls store sufficient energy to prevent shrinking of the
7 walls. Reconstruction of the three-dimensional director configuration using a fluorescent confocal polarizing
microscopy demonstrates that the disclinations are strongly bent in the region betweeanthi¢he BL walls.

The distortions and the related dynamics are associated with the transformation of the BL wall into two surface
disclination lines; we characterize it experimentally as a function of the applied electric field, the cell thickness,
and the sample temperature. A simple model captures the essential details of the experimental data.
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I. INTRODUCTION process, a Brochard-LégéBL) wall [8,9] is converted into
two opposite sign disclinations when the destabilizing elec-
The nematic phase of liquid crystals is characterized by &ric field is larger than a critical valuBc~ 2E (whereE is
uniaxial orientational order. The nematic order is associatethe Fréedericksz thresholfil0]. By increasing the destabi-
with a unit directo=-i representing the average direction izing electric field amplitude, the elastic energy cost of the
of the elongated liquid crystal molecules. This orientationa/BL Wall increases. Two disclinations appear when the BL
order can be broken locally on a point or along a line, gen_vvaII energy reaches the nucleation energy of the disclina-

erating a singularity for the director field. In analogy with the ﬂonsb pair. The tIISL—waII—disglinatiofn contverds:ion dynatmicf;i
dislocations in a crystal, nematic line defects are nadisd as been recently measured In a free standing nematc him

o AT : : submitted to an electric fielplL1].
clinations The disclinations are topological objects and are The disclination dynamics has also been studied in frus-

?;eer; glflf]sa'lfﬁgtsgg?{cg]n%ﬁtﬂ:;; i?{ggg:%ggﬁgt?c?ﬁsge;em'trated geometries. In one of these geometries disclinations
. T ) re induced by antagonistic boundary conditift® and are
truly topologically stable objects that cannot be transforme y J y

) i h ‘ § f th oved under the effect of an electric figlfl]. In another
into a uniform state by any smooth transformation of thegesmetry disclination pairs are nucleated by a rapid quench

associated director field; however, they all belong to thérom the isotropic phase in a strongly confined geometry of a
same topological class and can be transformed into eaq@w micrometers thickness. The annihilation dynamics is
other at least when the sample boundary do not create amytiven by the anchoring energy on the confinement substrates
obstacles for such transformation. Integer strength lines argr]. In both these systems, straight defect lines are induced
not topologically stable and relax into nonsingular configu-py the particular chosen geometries and the boundary condi-
rations [3,4]. The disclinations carry the energy of elastic tions.

director distortions outside the singular core and a special The energy of a straight disclination is proportional to its
energy associated with the singular core itself at which théength[3]. The energy of a curved line, in first approxima-
order parameter is different from the regular nematic onetion, is also proportional to its lengfl]. A curved line thus
Such defects can be easily obtained in a thermotropic liquithas a tendency to straighten, in order to decrease its length.
crystal by a rapid quench from the high symmetry isotropicThis tendency can be described in the terms of a line tension,
phase to the lower symmetry nematic phase or by a pressughich is the ratio of the variation of elastic energy to the
jump [5]. Alternative routes to create disclinations are thevariation in lengti{4]. Under certain conditions, line defects
use of particular frustrated geometrigg7] or the applica- in the nematic bulk deviate from the straight line and de-
tion of external fields in a process namgidicementin this  velop a zigzag shape. This instability is induced by the an-
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isotropy of the nematic elasticity. The increased total discli-relative thickness variation is measured on the whole cell.
nation length is over-compensated by the energy decrease Samples are observed under a polarizing microscope. The
due to the conversion of the high energy splay-bend defortemperature is controlled by an ovéINSTEC STC200D
mation into the lower energy twi$i3-15. (accuracy of 0.1°C The difference in temperaturdT

As far as we know, the deformation dynamics of an iso-=Tn=T (T is the sample temperature afig;=35.3 °C is
lated disclination remains largely unexplored. The aim of thisthe 5CB clearing temperatyres tuned between 2 and 7.3 °C
paper is to describe the deformation dynamics of a singléluring our experiments. An ac electric field perpendicular to
disclination under an external electric field. the plates can be applied to the sample. To avoid electrohy-

Straight disclinations orthogonal to the cell parallel platesdrodynamic instabilities, the ac generator operates at a fre-
are formed by a rapid quench from the isotropic phase. Thauency of 10 kHz. This frequency is two orders of magni-
nematic director in the cell is uniformly oriented along the tude larger than the 5CB dielectric relaxation frequefridy.
parallel planar easy axes of the two substrates. The elastithe microscope is equipped with a fast charge-coupled de-
energy excess, due to the presence of the disclinations, aiyife (CCD) cameraPulnix TM-6703 and a PC frame grab-
the related excess of anchoring energy on the confinemeRe€r. The acquisition system is able to store up to 100
substrates force the line defects to annihilate by daitsif ~ frames/s.
a destabilizing electric field parallel to the disclinations is The optical measurements have been completed by obser-
applied, the dynamics of annihilation is strongly modified. At vations under a fluorescent confocal polarizing microscope
electric fieldsE larger than the Frederiks threshdig, seg- (FCPM) [17,18. This technique allows one to determine the
ments of BL walls appear and connect disclinations of oppodirector orientation along the depth of the cell. The large
site signs. The annihilation is more and more dampened fdpirefringence of 5CB decreases the FCPM resolution pre-
increasing fields and even stops at a critical fiEjg=2E  venting any quantitative measurement of the director field.
for which the two defects are immobilized. In the explored T0 obtain a better resolution, we have replaced 5CB with
field rangeE~Ec, two different dynamical regimes are ob- MLC6815 (purchased from EM Industrigsvhich has small
served. birefringenceAn=0.05, positive dielectric anisotropy like

At temperatured close to the isotropic-nematic transition SCB, and clearing poirity,=67 °C. For the FCPM observa-
temperaturely, (AT=Ty,—-T<2 °C), the line defect is only tions, the material is doped with a very small am_oLmOl
weakly deformed by the electric field. It moves as a wholeWt %)  of fluorescent dye  5-decyl-4,4-difluoro-4-
by remaining almost straight and orthogonal to the subbora-3,4a-diazas-indacene-3-propionic  acid (Cyo-
strates. In this regime, the line displacement is controlled byBODIPY500/510G, purchased from Molecular Probe3o
the surface energy change, and displays a complex dynamidy.inimize spherical aberrations in FCPM studies with an im-

The Study of such a regime will be pub“shed in a forthcom_mersion oil ObjeCtive, we used gIaSS substrates of thickness
ing paper. 0.15 mm with a refractive index 1.52. The FCPM set up was

In the second regime, at lower temperature, the line re@ssembled on the basis of an Olympus Fluoview BX-50
mains pinned with its two ends on each substrates. The dy€flective-mode confocal microscope. The Ar la&&88 nm,
namics does not imply surface changes but only bulk deforbeam power<1mW) was used for excitation. The fluores-
mation. Under the electric field, the line bends. In this papefent light was detected by a photomultiplier tube in the spec-
we measure the bending profile and the related dynamics 4&l region 510-550 nm as selected by interference filters in
a function of the electric field amplitude, the sample thick-the detection channel. We used an immersion oil objective
ness, and the temperature. A simple elastic model is proposé* (numerical aperture 1)avhich allowed for the FCPM
which is in a good agreement with the experimental resultsStudies with resolution=1 um in radial as well as axial

The paper is organized as follows. Section Il is devoted t¢lirections. The very same Qolanzmg element determines the
the experimental setup and general observations. Section llinear polarization directiorP of both the excitation beam
details the quantitative study of the half-integer disclinationand the detected fluorescent light. The FCPM signal results
bending dynamic. In Sec. IV we present an elastic modefrom a sequence of absorption and emission. It strongly de-
explaining the experimental results. Finally the conclusiongpends on the anglé between the transition dipol@arallel

are drawn in Sec. V. to the local director in our systemand the linear polarizer. In
the case of circular polarizatiow, corresponds to the angle
Il. EXPERIMENT between the plane of observatiotie plane normal to the
optical axis of the microscopeand the director. In both
A. Experimental setup cases, the fluorescence signal is proportional td' 8oss

A 5CB (4-cyano-4n-pentylbiphenyl from Synthonfilm both as absorption and emission follow the dependency
is sandwiched between two parallel glass plates covered by acosd [18]. For linear polarization, the maximum fluores-
thin (50 nm indium tin oxide (ITO) conductive coating. cence signal is whef P and minimum whem L P. For
Each glass plate is covered by a 150 A thick SiO layercircular polarization, the strongest fluorescent signal is ob-
evaporated at a 60° incident angle in order to obtain a homaained when the director is in the plane of observation, and
geneous planar anchoring. The glass plates are then asinimum when it is along the optical axis of microscope
sembled with parallel easy axes. The cell thickmssfixed  (along the cell normal The FCPM intensity patterns in lin-
by means of Mylar spacers in the range 3460, and mea- ear and circular polarization were used to map the three-
sured before filling by using a spectrophotometer. A 10%dimensional director structures.
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FIG. 2. Annihilation of a pair of +1/2 disclinations under
crossed polarizergelectric field off. The disclinations are situated
on the end tips of the topological walthe two bright fringes
whose formation is shown in Fig. 1. Each end tip represents the
projection of a line defect orthogonal to the substrates. Cell thick-
ness is 1lum. Bar 40um. T=33.5°C.

distortion develops in the cell. Due to the quadratic dielectric
W I coupling (E -A)?, the equilibrium distorted state is twofold
_—) degenerate. Domains characterized by one of the two equi-
librium textures appear. Two adjacent domains are separated
FIG. 1. Nucleation of the nematic phase of 5CB after a quenchoy a bulk distortion wall called a Brochard-Léger wigl9].
from the isotropic phase into a cell with planar anchoring and for-In the presence of disclination pairs, segments of BL wall
mation of disclinations connected hywalls (see text Thickness  connect defects of opposite chaigee Fig. 8)]. In the case

of the cell 11um. Bar 40um. T=33.5 °C. of an isolated pair, a mixed loop made by a BL wall ant a
wall frequently formgFig. 3(d)].
B. General observations The annihilation process is inhibited for a critical field

Ec (Ec=2Eg). Figure 4 shows the defect behavior when
The sample in the nematic phase is aligned along the twe- E.: the 7 wall retracts in favor of the BL wal[11,20).
parallel easy axes at the chosen temperaiuw@y, ~AT. A During the relaxation, the defect lines remain almost straight
short pulse of hot air is injected into the oven, which in-and orthogonal to the substrates, which is similar to the re-
creases the sample temperature abdye The sample be- |axation without electric field7]. After the defect annihila-
comes isotropic but after a few seconds the temperature dgon, in the case of a single mixed loop, this latter is trans-

creases and droplets of nematic phase nucleate and gr@grmed into a regular BL wal[8,9] [see Fig. 4d)], which
(Fig. 1). Depending on the director orientation on the surfacefinally relaxes.

of neighboring droplets, disclinations may appear when
droplets coalesce. Figure 2 shows a top view df-a/2,
+1/2} disclination pair. Two superposed surface walls are
also created between them during this process. Note tha
these walls are not necessarily straight. The disclinations ar
situated at the ends of the surface walls and appear as poin
in a top view(they are parallel to the light path and orthogo-
nal to the two surfacesThis orientation is induced by the .
confinement and the strong planar anchoring conditions.

Each surface wall corresponds to a continuaustation of ’
the director on the surface as proved by the presence of tw¢
bright fringes under crossed polarizers in Fig. 2. As the di-| =
rector turns bymr, between two equivalent states, these walls
are topologically stable, as long as the in-plane surface an
choring remains nonzero; they represent what are called th

planar solitong19] or the 7 walls. The annihilation dynam- FIG. 3. +1/2,-1/2line defect pairs are connected byrawall
Ics O_f pair of opposite S|gn_d|sclln§lt|0ns is driven by the without electric field (8)—(c). Above the Fréedericksz transition,
elastic energy excess associated with thesealls [7]. Brochard-Léger walls appear between different péijor connect

If an electric field parallel to the disclinations is applied defects of the same pair, thus forming a mixed lodp Cell thick-
before their annihilation, their dynamics is strongly affected.ness is 1lum. Bar 40um. T=33.5°C. Polarizers slightly
Above the Fréedericksz threshdii, a splay-bend director uncrossed.
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FIG. 4. Annihilation of a pair of +1/2 disclinations in the pres-
ence of an electric fiel€=0.2 V um™. Bar 40 um. Thickness of
sample 11um. AT=3 °C.

FIG. 6. Appearance of a regigf between ther wall and the

At high field (E>E;) and at high temperaturéAT BL wall for electric fields larger thattc. This region increases at
<2 °C), the defect velocity is reversed with respect to thethe expense of the BL wall. Cell thickness is fAfn. Bar 40um.
low field case: the BL wall is now converted tomawall ~ AT=3°C.
[10,11 as shown in Fig. 5. The final state after the defect
annihilation consists in two surface loops, one on each
surface[Fig. 5(d)]. Differently from a BL loop, these 100ps  gerye its motion along very large mixed loofieean radius
do not disappear after the electric field is switched off. In thers. 199 um). The almost straight BL wallésee Fig. 6 are
two regimes presented so f(’k_)w field or high temperatude . jeed motionless compared to the typical disclinations dy-
the wo defect ends move with respect to the substrates a| mics. The digitized images of the motion are then analyzed

the elastic driving force depends on the anchoring energy. _ . . . -
o ) with a home-made program in order to obtain the position of
At low temperaturg(AT>2 °C) a different type of dy- the defect along thg wgll as a function of time. P

namics is observed. A regiofi appears between the and
the BL walls as shown in Fig. 6. Thi8 region corresponds
to a strong deformation of the initially straight disclination
(see Figs. 7 and)8The BL wall length decreases in favor of
the B region, keeping unchanged thewall length.

The rest of the paper is dedicated to the study of the single
disclination deformatioriregion8) and its dynamical behav-
ior. In particular, the line is first bent with an electric field
larger than the critical one. Then, the bendipgsitive ve-
locity) and the unbendingnegative velocity dynamic are
measured as function of the field. Because segments of BL
walls move very easily and BL loops shrink rapidithey
involve only bulk deformatioy) the quantitative study of the
dynamics of a +1/2 disclination along a BL wall is usually
affected by the lateral motion of the wall. We therefore ob-

BL:-wall

(@)

Linear «P

Circular

FIG. 7. Characterization of a +1/2 disclination bending behav-
ior under electric field by FCPM. The surface easy axes are parallel
to they axis. (a) xy scan in the plane=d/2 (middle of the cell. We
used linear poIarizatioﬁ’ parallel to they axis. The regions be-
tween therr and BL walls is the disclination bending regidi) xz

FIG. 5. Annihilation of a pair of £1/2 disclinations in a mixed

loop for large electric fieldfE>E:) and high temperatureAT
<2 °C. The BL wall disappears and two stabtdoops are formed
at the endone on each surfageBar 40 um. Thickness of sample
11 um. AT=1 °C.

scan in the plane containing theand BL walls. The polarization is
the same as ifg). C is the inversion point of the bending deforma-
tion of the disclination(c) xz scan in the same region &ds) with
circular polarization. The bar in each picture iufn. T=25 °C.
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FIG. 9. FCPMxz scan of a stretched disclination. Note that the
defect line remains at a few micrometers from the surfaces in the
AB andA’B’ parts. The bar is 1@&m. T=25 °C.

<>

and bright close to the upper surface. On theawvall, the
director in the sample bulk is almost parallel to the electric
field (z axis), while near the substrate,remains horizontal
due to the imposed planar anchoring.

oY T .~ The asymmetry of the intensity profile with respect to the
PEVIARNES middle of the cell in this region is an experimental artefact.
£0po % The polarized beam arriving on the bottom plate from above
oogoQl
oogol is defocused by the propagation in the anisotropic nematic.
235009089 Consequently the image of the director field at the bottom
22 00803 ; . . .
2227 ¢°% 55y, e.q. plate is blurred and the fluorescent intensity differs some-

0
~Io
o

what from the one close to the top plate. Figure 8 shows
three different views of the director field reconstructed from
FIG. 8. Different views of the director field reconstructed from the ECPM scans in Fig. 7.
the FCPM scans in Fig. Ta) Top view corresponding to Fig.(&. When a larger field is applietE > Ec), the distortion of
(b) Side view in thexz plane containing ther wall, the bent discli-  {he gefect line increasdits ends remain pinned on the sur-
nation, and th_e B_L w_all(c) Sl_de view in thwzp_lane_correspondlng faces. The length of the regio can reach very large val-
to the bent disclination region. The easy atésa) is along they o5 "4 Jarge as a few hundred micrometers. The line is par-
axis. allel and very closéa few micrometersto the upper surface
going from the pointA to the pointB as shown in Fig. 9. It
lll. HALF-INTEGER DISCLINATION BENDING UNDER then bends in the bulk fromd to C and fromC to B’. Finally
AN EXTERNAL ELECTRIC FIELD the partB’A’ is also parallel and close to the lower surface.
Figure 7 shows a typical behavior of +1/2 disclination The dynamics of the inversion poi@thas been measured
under an external electric field measured by FCPM. To charversus the amplitude of the electric field, the cell thickness,
acterize this region by the FCPM technique, we freeze thisind the sample temperature. The measurements have been
texture (once obtained aE>E) by decreasing the field to done with the following procedure. We first apply an electric
E=Ec. Figure 7a) shows arxy scan. The polarization of the field E>E¢ to bend the line defect as in Fig. 9. Once the line
probing light has been chosen along thaxis (easy axigin  is deformed, we immobilize it by decreasing the electric field
order to increase the contrast between thand BL walls. amplitude to the stabilization valle=E. A typical working
The large fluorescent intensity from the BL wall proves thatlength of theB region is a few hundred micrometers. The
the director in this region is oriented in tlyz plane with a  line inversion pointC dynamics is then measured by tuning
strong component along theaxis. In contrast, the relatively

low intensity in the region corresponding to thewall is due 30 EROICROI0
to a director oriented in th&z plane, perpendicular to the PR
polarization[see sketch in Figs.(8 and &b)]. In Fig. 7(a), a 201 ./‘/é/fi”/

7~ wall on the left is connected to a BL wall on the right by 10 ,,/ﬂ/ f’éj,g/ e

a regionB. The regiong lies between the pointd and C. /;/ﬁ,;,,,d' {/

Figure 1b) shows arxz scan in the plane defined by the @ 0 "V*j}j@q“ ..-"r

and BL wall centergx axis), and by the normal to the cell § > e

(z axi9). The linear polarization of the probing light is the T 107 R Sy

same as in Fig.(d). The 7 and BL walls are clearly seen as 204 Pyl

separated by a bent disclination line. The line is pinned at the s

point A of the upper surface and it is bent into the cell bulk. -30-/‘

_The _pointC is the apex of the line deformatio_n. The regign 014 016 018 0.20 0.22
in Fig. 7(a) corresponds then to the bending of the +1/2 E (V/um)

disclination. Figure &) shows anxz scan obtained with a

circularly polarized excitation beam. The BL wall appears FIG. 10. The velocity of the inversion poift versus the effec-
bright proving that the director at the center of the BL wall is tive electric field for different sample temperatutet= (a) 7.3; (b)
oriented in the polarization plane. The region corresponding.3;(c) 3.6; (d) 3.2; and(e) 2.3 °C. The sample thickness is Lin.
to the 7= wall appears almost dark in the middle of the cell The plain lines are the best fit with E(L6). Ty, =35.3 °C.

061705-5



VELLA et al. PHYSICAL REVIEW E 71, 061705(2009

3.0
1400
12004
1000 I ;
w25 =
= 2 1 3k !
= LIl | > 8001 EF T i
e 1 " 6004
3 400
20 .
0 5 10 200+
AT (°C) 0
~ . (I) 1|0 éO 3|0 4IO 5IO 60
FIG. 11. E=Ec/Eg as a function oAT=35.3 °C-T for a cell d(um)
thicknessd=11 um. The points are the experimental data and the
line is the averag& value. FIG. 13. Velocity susceptibility to the electric field=dv/dE

versus the sample thickness faT=2.3 °C. The points are the

the electric field amplitude arounBc. Each measurement experimental data; the plain line represents the model prediction
begirs 1 s after the electric field amplitude change. The molEd. (18] for b=1.22.

tion is uniform. Figure 10 shows the dependence of Ghe

velocity v on the effective applied fielce for different  ever almost independent of the thicknesand the sample
sample temperatures. Note thatdepends linearly on the temperature, as shown in Figs. 13 and 14, respectively.
field in the studied range of values. The threshold figld

decreases with increasing temperature whereas the velocity IV. MODEL

susceptibility to the electric fielde=dv/dE is almost tem- . L .
: In the regime of large disclination deformations presented
perature independent. . ) . S
. . N , in Sec. lll, the experimental line profile is similar to the one
Jn F'g' 11 the cr|t|.cal fieldEc=Ec/Er normalized to the shown in Fig. 9. The line is therefore composed of three
Fréedericksz field is plotted versusT. Ec has been ob-  ain harts: the first on@B is parallel and very close to the
tained from the_best fit of the data points in Fig. 10 Whe_zreaﬁjpper substrate, the second @@’ is almost perpendicular
Er has been directly measured on the same cell region i, ye gyrfaces and is weakly bent, and, finally, the third one
order to minimize the errors due to the cell thickness inhog/ 5 (barely visible in Fig. 9 is close and parallel to the
mogenemfas; ) ) lower surface. Experimentally we observe the BB re-
The ratioE is found independent of the sample tempera-mains weakly bent during the stretching and unstretching of
ture, which shows that the stabilization field scales as theénhe line. To model our system, we assume the BBt
Fréedericksz field when the temperature changes. Concerghanges only its location but not its shape and the segments
ing the dependence on the cell thickness, Fig. 12 shows tha{B andA’B’ change their length. In this approximation, the
Ec increases with increasing thickness in the 10x#60  disclination deformation is driven by a conversion of the BL
range. wall elastic energy into the energy of two parallel disclina-
The velocity susceptibility to the electric field is how-  tions. Applying the virtual work principle, the driving elastic
force on the disclinatiorfr¢ is given by

3.0 1500
(@
. 1000 o
&, 251 ®) = I l
= > o2 l
rle
= 500+
S
2,0 . T T ; T
0 10 20 30 40 50
d (pm) 0 : . ,
~ ) 0 5 10
FIG. 12. E=Ec/Er vs the cell thickness aAT=2.3 °C. The AT (°C)
points are the experimental data and the curves represent the ex-
pected theoretical dependerésy. (14)] with £=3.3(a) and 1.2 nm FIG. 14. Velocity susceptibility to the electric field=dv/dE
(b). versusAT=35.3 °C-T for d=11 um.

061705-6



ELECTRIC-FIELD-INDUCED DEFORMATION DYNAMICS...

Fei=Ug—Ug, (1)

whereUy and Ug_ are the elastic energies per unit length . ance length The termT’

along thex axis of the disclination bent regigh and the BL

wall vy, respectively. To computdg, we have used the one-

elastic-contant approximatiotK=K;=K,=K3). In this ap-
proximation the nematic directdr is in theyz plane defined

by the direction of the electric fieltZ axis) and the orienta-

tion of the surface easy axi§ axis). We denote byd the
angle formed byn and y. Assuming that¢ is small, we
expand it in Fourier series and keep the first t¢2h]

Ay, 2) = 0m<y>sin(%z) . @)

The elastic energy per unit length of the BL waffy, is
given at first order by

e ] ot oo

()

wheree¢, is the vacuum dielectric permeability amg is the
dielectric anisotropy. In Eq3) we have assumed<1 and

PHYSICAL REVIEW E 71, 061705(2009

wherer is the distance from the disclinatipto the dielectric
torque(I'e=K/ &g, whereé&e=(dEg)/(wEc) is the electric co-

e prevails in a cylinderC of
radius & around the disclination, whil&g governs the di-
rector behavior outsidé. At the first order, the elastic energy

is the sum of the defect elastic enelldy insideC in absence

of a field [2] and the dielectric energy, outsideC for a
director parallel to the electric field. We obtdih by inte-
grating the elastic energy associated to a disclination on a
cylinder of radiuség:

U1:Eﬂ'|n§, (9)

2 ¢
where the cutoff lengtlg is the nematic-isotropic coherence
length [23,24]. To obtain the expressiofB), we have ne-
glected the anchoring contribution to the disclination elastic
energy[24,25. The second termy, is written

Ezeoea f & (¢
U,= - —22
2 Jg

sirfd dy dz (10)
EY &

In the limit é§e<<d and by considering a saturated director
texture withi parallel to the electric fieldd=/2), we ob-

we have consequently developed the dielectric term. In thiggjn

limit the equilibrium director orientation is given by

oV ()

whereE=E/Eg, Er= K/ eyes(m/d), and

€221/~2 : (5
™ V(E*-1)

By substituting Eq(4) in Eq. (3), F; becomes

T2 _1)2 [®
flz%(E~21) f 1—4tanﬁ<%> +2tanﬁ‘(%>dy.
E —0o0

(6)

The elastic energy excetk;, of the BL wall is obtained by
substracting from the expressi®@) the energyF, of a uni-
form Fréedericksz domaif2]:

Ka? (E2- 12 [~
27 g = f_de- (7)
Ug =F,—F, is finally written[22]
2312 Ez —1)32
UBL: _K’]T% (8)
3 E2

U, = - KnE. (12)

The sum of the three contributiohk.,U,,U,, gives the total
energy per unit length:

1 d 2 ~
Uﬁ:K’IT —In—+—-E|. (12
2 mEE T
The resulting driving elastic forceqg. (1)] is
2312 (Ez _ 1)3/2
Fel_Uﬁ_UBL__?KW EZ —
d
+K7| zIn—+—-E (13
mEE T

Let us now compare the experimental data to the model
predictions. The value of the stabilization fidig is given
by the implicit equatiorlJg =U,

_ ~ 2 232(E2 _ 1)32

d=émEe exp[Z(EC -=+ —% . (19

T 3 E2
C
Contrary toE, (see Fig. 10 EC should be almost constant

with the temperature becaugedisplays only a very slight

temperature dependence. This prediction agrees with the ex-

perimental results shown in Fig. 11. Moreover the depen-

dence ofEC on the cell thickness shown in Fig. 12 is well

The elastic energy per unit length of the disclination bentreproduced by the model wit=2.2+1.1 nm, which is in
regionUg, is composed of two terms of different origins: the good agreement with the literature valyés.

core energyU.~ 2K of the two mobile line segmentAB

Concerning the dynamics, the driving elastic force is bal-

and B’A’) and the bulk elastic energy due to the disclina-anced by a viscous forde, mainly due to the director reori-
tions. To compute the elastic energy of a disclination in presentation in the cylinde€ around the straighBB’ part. In this

ence of an electric field, we compare the elastic torque peimit, by using the notation of Cladist al.[6], the viscous
unit surface associated to an isolated disclinatiog=K/r,  force acting on the line is written

061705-7



VELLA et al.

F, =2bv d¢, (15)

where §='yl—a§/[2(nﬁ— v,)] [6] is an effective viscosity

which takes into account in an empiric way the backflow

effects. The parameteng, a,, 75 andy, are related to the

Leslie coefficients. The numbérof order unity depends on

the details of the energy dissipation in the cylindeAt the

first order, we expect that the effect of the experimentall

observed weak bending of the p&M®B’ just renormalizes the
drag force(15) or the empiric effective viscosity. We then
obtain the velocity

K (3’2(%2—1)3’2_1 d

2 -~
= I -—+E]. (16
"Tobd\ 3 B2 2 g w ) (18

Numerical calculations show that is almost linear in(E
-Ec) in the range of our measuremeriss1-4. A Taylor
expansion of Eq(16) aroundE=E gives

v= aEF(E_Ec), (17)

with a velocity susceptibility to the electric field given by

v
JE

a=

E=E

3/2 (72 _ 1\1/2(=2
K [Z_(EC DHEE+D) 1| g

C2biVe| 3 [=3 2E¢

whereVg=Ed.

Yy
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quench from the isotropic phase into the nematic phase. The
nematic phase is confined in a cell with uniform director
oriented along the two parallel planar easy axes of the sub-
strates. In each pair, disclinations straight and orthogonal to
the substrates are connected by a costly anchoring surface
wall. The pair annihilation is induced by the anchoring en-
ergy excess stored in this surface wall. Before the disclina-
tion disappearance, a disorienting electric field is applied.
Above the Fréedericksz transition, domains appear corre-
sponding to one of the twofold degenerate textures separated
by a bulk Brochar-Léger wall. Segments of the Brochard-
Léger wall systematically connect the disclinations. By in-
creasing the electric field amplitude, the annihilation dynam-
ics is dampened. At a critical field. = 2E, the disclinations

are immobilized: the anchoring dominated annihilation force
on each disclination is now counterbalanced by a generalized
elastic force due to the electric-field-induced director texture.
Depending on the sample temperature and on the electric
field amplitude different behaviors are measured.

At low temperature(AT>2 °C) and under an electric
field amplitude close toEq, the disclination is strongly
pinned on each substrate Hf> E. the line defect bends. The
bending profile is characterized by two parts, parallel and
close to the substrates, connected with a third part bent in the
bulk. This bent disclination region growths at the expense of
the Brochard-Léger wall, in a process corresponding to a
conversion of the Brochard-Léger wall into the two parts of
the disclination parallel to the substrate. This behavior is
reminiscent of the field-induced disclination nucleation in the

Let us compare now the measured values of the Suscep15)_incementphenomenon. The field values where it appears

bilities a with the expressior(18). The valuea (Fig. 13

does not depend on the cell thickness as expected from Eq

(18). Using the known 5CB material parametddq 26], €,
[27], and{ [28], we have obtained=1.22(plain line in Fig.

compare well with the ones measured foncement

~The line deformation dynamics is measured for electric
fleld close toEc. This dynamics is obtained from the mea-
surement of the position of the line bending inversion point.

13). The coefficient depends slightly on temperature. From The inversion point velocity has been measured as function

the temperature dependence @fFig. 14), we have found
0.8<b< 1.2 in the explored temperature rangeemains of

of the electric field amplitude, cell thickness and sample tem-
perature. An elastic model has been elaborated that accounts

the order of the unity which means that our model capturefor the experimental results.

In the future, the electric-field-induced disclination behav-

the main properties of the disclination dynamics. We can | ! A )
conclude that our model is in a good agreement with the®" will be extended to the high temperature regime. Experi-

experimentally measured electric field induced deformatiof€Nnts currently in progress show that, in this temperature

dynamics of a nematic disclination.

V. CONCLUSIONS

range, disclinations are weakly pinned on the substrates and
the resulting dynamics is much more complex.

In conclusion, we show that a line pinned on the two
confinement substrates can be deformed in a controlled way

We have studied the deformation dynamics of a singledy an external electric field. These results open further pos-
1/2 nematic disclination under an external electric field. Dis-sibilities to the manipulation of individual topological de-
clinations pair of opposite strength are obtained by a rapidects in a nematic liquid crystal.
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