


isotropy of the nematic elasticity. The increased total discli-
nation length is over-compensated by the energy decrease
due to the conversion of the high energy splay-bend defor-
mation into the lower energy twistf13–15g.

As far as we know, the deformation dynamics of an iso-
lated disclination remains largely unexplored. The aim of this
paper is to describe the deformation dynamics of a single
disclination under an external electric field.

Straight disclinations orthogonal to the cell parallel plates
are formed by a rapid quench from the isotropic phase. The
nematic director in the cell is uniformly oriented along the
parallel planar easy axes of the two substrates. The elastic
energy excess, due to the presence of the disclinations, and
the related excess of anchoring energy on the confinement
substrates force the line defects to annihilate by pairsf7g. If
a destabilizing electric field parallel to the disclinations is
applied, the dynamics of annihilation is strongly modified. At
electric fieldsE larger than the Frederiks thresholdEF, seg-
ments of BL walls appear and connect disclinations of oppo-



B. General observations

The sample in the nematic phase is aligned along the two
parallel easy axes at the chosen temperatureT=TNI−DT. A
short pulse of hot air is injected into the oven, which in-
creases the sample temperature aboveTNI. The sample be-
comes isotropic but after a few seconds the temperature de-
creases and droplets of nematic phase nucleate and grow
sFig. 1d. Depending on the director orientation on the surface
of neighboring droplets, disclinations may appear when
droplets coalesce. Figure 2 shows a top view of ah−1/2,
+1/2j disclination pair. Two superposed surface walls are
also created between them during this process. Note that
these walls are not necessarily straight. The disclinations are
situated at the ends of the surface walls and appear as points
in a top viewsthey are parallel to the light path and orthogo-
nal to the two surfacesd. This orientation is induced by the
confinement and the strong planar anchoring conditions.
Each surface wall corresponds to a continuousp-rotation of
the director on the surface as proved by the presence of two
bright fringes under crossed polarizers in Fig. 2. As the di-
rector turns byp, 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 the
planar solitonsf19g or thep walls. The annihilation dynam-
ics of pair of opposite sign disclinations is driven by the
elastic energy excess associated with thesep walls f7g.

If an electric field parallel to the disclinations is applied
before their annihilation, their dynamics is strongly affected.
Above the Fréedericksz thresholdEF, a splay-bend director

distortion develops in the cell. Due to the quadratic dielectric
coupling sE ·n̂d2, the equilibrium distorted state is twofold
degenerate. Domains characterized by one of the two equi-
librium textures appear. Two adjacent domains are separated
by a bulk distortion wall called a Brochard-Léger wallf8,9g.
In the presence of disclination pairs, segments of BL wall
connect defects of opposite chargessee Fig. 3sbdg. In the case
of an isolated pair, a mixed loop made by a BL wall and ap
wall frequently formsfFig. 3sddg.

The annihilation process is inhibited for a critical field
EC sEC<2EFd. Figure 4 shows the defect behavior whenE
,EC: the p wall retracts in favor of the BL wallf11,20g.
During the relaxation, the defect lines remain almost straight
and orthogonal to the substrates, which is similar to the re-
laxation without electric fieldf7g. After the defect annihila-
tion, in the case of a single mixed loop, this latter is trans-
formed into a regular BL wallf8,9g fsee Fig. 4sddg, which
finally relaxes.

FIG. 1. Nucleation of the nematic phase of 5CB after a quench
from the isotropic phase into a cell with planar anchoring and for-
mation of disclinations connected byp walls ssee textd. Thickness
of the cell 11mm. Bar 40mm. T=33.5 °C.

FIG. 2. Annihilation of a pair of ±1/2 disclinations under
crossed polarizersselectric field offd. The disclinations are situated
on the end tips of the topological wallsthe two bright fringesd,
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 11mm. Bar 40mm. T=33.5clinations connecteG53.706 5- 0 144.12131.58.98590.133ossed polarizerss



At high field sE.ECd and at high temperaturesDT
,2 °Cd, the defect velocity is reversed with respect to the
low field case: the BL wall is now converted to ap wall
f10,11g as shown in Fig. 5. The final state after the defect
annihilation consists in two surfacep loops, one on each
surfacefFig. 5sddg. Differently from a BL loop, these loops
do not disappear after the electric field is switched off. In the
two regimes presented so farslow field or high temperatured,
the two defect ends move with respect to the substrates and
the elastic driving force depends on the anchoring energy.

At low temperaturesDT.2 °Cd a different type of dy-
namics is observed. A regionb appears between thep and
the BL walls as shown in Fig. 6. Thisb region corresponds
to a strong deformation of the initially straight disclination
ssee Figs. 7 and 8d. The BL wall length decreases in favor of
the b region, keeping unchanged thep wall length.

The rest of the paper is dedicated to the study of the single
disclination deformationsregionbd and its dynamical behav-
ior. In particular, the line is first bent with an electric field
larger than the critical one. Then, the bendingspositive ve-
locityd and the unbendingsnegative velocityd dynamic are
measured as function of the field. Because segments of BL
walls move very easily and BL loops shrink rapidlysthey
involve only bulk deformationd, 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-

serve its motion along very large mixed loopssmean radius
R@100 mmd. The almost straight BL wallsssee Fig. 6d are
indeed motionless compared to the typical disclinations dy-
namics. The digitized images of the motion are then analyzed
with a home-made program in order to obtain the position of
the defect along the wall as a function of time.

FIG. 4. Annihilation of a pair of ±1/2 disclinations in the pres-
ence of an electric fieldE=0.2 V mm−1. Bar 40mm. Thickness of
sample 11mm. DT<3 °C.

FIG. 5. Annihilation of a pair of ±1/2 disclinations in a mixed
loop for large electric fieldssE.ECd and high temperaturesDT
,2 °C. The BL wall disappears and two stablep loops are formed
at the endsone on each surfaced. Bar 40mm. Thickness of sample
11 mm. DT<1 °C.

FIG. 6. Appearance of a regionb between thep wall and the
BL wall for electric fields larger thanEC. This region increases at
the expense of the BL wall. Cell thickness is 11mm. Bar 40mm.
DT=3 °C.

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.sad xy scan in the planez=d/2 smiddle of the celld. We

used linear polarizationP̂ parallel to theŷ axis. The regionb be-
tween thep and BL walls is the disclination bending region.sbd xz
scan in the plane containing thep and BL walls. The polarization is
the same as insad. C is the inversion point of the bending deforma-
tion of the disclination.scd xz scan in the same region assbd with
circular polarization. The bar in each picture is 5mm. T=25 °C.
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III. HALF-INTEGER DISCLINATION BENDING UNDER
AN EXTERNAL ELECTRIC FIELD

Figure 7 shows a typical behavior of +1/2 disclination
under an external electric field measured by FCPM. To char-
acterize this region by the FCPM technique, we freeze this
texturesonce obtained atE.ECd by decreasing the field to
E=EC. Figure 7sad shows anxy scan. The polarization of the
probing light has been chosen along they axis seasy axisd in
order to increase the contrast between thep and BL walls.
The large fluorescent intensity from the BL wall proves that
the director in this region is oriented in theyz plane with a



the electric field amplitude aroundEC. Each measurement
begins 1 s after the electric field amplitude change. The mo-
tion is uniform. Figure 10 shows the dependence of theC
velocity v on the effective applied fieldE for different
sample temperatures. Note thatv depends linearly on the
field in the studied range of values. The threshold fieldEC
decreases with increasing temperature whereas the velocity
susceptibility to the electric fielda=dv /dE is almost tem-
perature independent.

In Fig. 11 the critical fieldẼC=EC/EF normalized to the
Fréedericksz fieldEF is plotted versusDT. EC has been ob-
tained from the best fit of the data points in Fig. 10 whereas
EF has been directly measured on the same cell region in
order to minimize the errors due to the cell thickness inho-
mogeneities.

The ratioẼC is found independent of the sample tempera-





Fv = 2bv dz, s15d

where z=g1−a2
2/ f2shb−g2dg f6g is an effective viscosity

which takes into account in an empiric way the backflow
effects. The parametersg1, a2,
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