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This work presents the effect of elastic anisotropy and disclination interaction on wedge
disclinations in the nematic phase of thermotropic polymers, by combining experimental
measurements, (this paper part 1), with numerical simulation (part II [1]). In part I, the
decoration provided by spontaneous banded texture gives much information about the defect
structure of polymeric nematics. Working with a semi-rigid polyester, the optical images of
+ 1/2 disclinations revealed by banding enable the distortion to be determined as a function
of polar coordinates from the cores. Continuum theory allows the apparent elastic
anisotropy, &,, of bend and splay constants of the copolyester to be determined from the
distortion measurement. The values of ¢,, are seen to vary greatly in the range —1 to +1
between different + 1/2 disclinations in the same sample. The statistics of the measurement
indicate that the distribution of the values of ¢, is random. The implication of these
observations is that the curvature of wedge disclinations is affected not only by the elastic
anisotropy of the material, but also by other factors. The possible reasons are discussed: the
interaction of neighbouring disclinations has been numerically analysed to be the
predominant factor in [1]. This work also implies that values of the intrinsic elastic
anisotropy obtained by measuring the distortion of individual wedge disclinations must be
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viewed with some circumspection.

1. Introduction

Although the defects and optical textures of liquid
crystalline polymers (LCPs) are found also for low
molecular mass liquid crystals (LMMLCs), the high
molecular mass, chain flexibility and polydispersity of
the polymers do have a strong influence on optical and
rheological properties, and hence result in some unique
features. The high viscosity and correspondingly long
relaxation times of LCPs provide more opportunities to
study the defects and their interactions in a metastable
state. Another advantage is that the mesophase may be
quenched to the glassy state. One of the well known
phenomena of LCPs is the occurrence of band texture
under certain conditions. This texture can be observed
under polarized light during the relaxation of oriented
nematic or cholesteric phases [2, 3]. On the other hand,
without previous orientational treatment, a spontaneous

*Author for correspondence;
e-mail: ahwl@cam.ac.uk

band texture is apparent during the solidification of some
nematic melts of polymers after annealing [4, 5]. Fischer
et al. [6] have proposed a buckling mechanism to explain
the formation of band textures, both with and without
shearing. As the bands are normal to the director field,
when measured on a scale larger than their spacing, they
can be used to decorate, and thus understand the pre-
ferred orientation within a larger scale texture, such as
the director field around disclinations [7, §].

Another significant feature that differentiates liquid
crystalline polymers from low molecular mass liquid
crystals is generally believed to be the pronounced
elastic anisotropy. The study of anisotropy in the elastic
properties of LCPs becomes fundamentally important
for the understanding of the intrinsic relationship
between molecular structure, microstructure and aniso-
tropic mechanical properties, and for the guiding of
the development of related theory. The anisotropy
in splay and bend elastic constants considered by
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Dzytaloshinskii [9] and Nehring and Saupe [10] in the
low molecular mass liquid crystal system, has been
defined as:

kii—k
= ko W
where kj; and ki3 represent the curvature elastic
constants for splay and bend deformations of the
director n, respectively.

Further theoretical investigation on the effect of
elastic anisotropy was undertaken later by Ranganath
[11] in great detail. His results predicted that the elastic
anisotropy would alter the energies and the patterns of
individual defects as well as their interaction. The
distortion around the singularity of +1/2 disclination
depended dramatically on the elastic anisotropy, while
the structure of —1/2 disclination depended only weakly
on it. The elastic constants for low molecular mass
liquid crystals could be directly measured by using
Fréedericksz transitions or by determining the ampli-
tude of thermal fluctuations by light scattering [12]. In
many cases, the three Frank elastic constants are of the
same order of magnitude in small molecule liquid
crystals, so the approximation kj; =ky =k33 is valid in
most circumstances. This equi-constant assumption is
not, however, reasonable in long chain liquid crystal-
line systems. Owing to the experimental difficulties
involved, the elastic constants of only a few LCPs have
been estimated or measured to date, e.g. for thermo-
tropic LCPs [13-18]. Frank [19] first proposed that the
bend-to-splay elastic constant ratio would be obtained
by measuring a non-uniform rotation of the extinction
brushes emanating from a singularity with uniform
rotation of polarizer and analyser. However, this
method has not been performed because of the dif-
ficulty of the precise measurement. Hudson and Thomas
[15,16] developed a lamellar decoration technique under
transmission electron microscopy (TEM), through which
the bend-to-splay elastic constant ratios of LCPs were
determined by directly measuring the relative amounts of
distortion produced by a wedge disclination at a resolu-
tion of 50 ~ 100 nm. The elastic anisotropies of rigid and
semiflexible LCPs as a function of radius from the
disclination cores were compared with each other. A
similar method [20] was applied to measure the elastic
anisotropy of a lyotropic polymer.

Meanwhile, the theoretical prediction of elastic con-
stants in liquid crystalline polymers has been developed.
Meyer [21] and Odijk [22] deduced analytical expres-
sions for the three elastic constants, depending only on
the chain length, the persistence length and the mole-
cular diameter in liquid crystalline polymers. On the
basis of their equations, the Frank elastic constants
could be determined from the persistence length itself

&

obtained by using a Monte Carlo molecular-scale mode-
ling [23]. A hierarchical approach [24] to computer
modelling of liquid crystalline polymers was developed
to describe their structure and behaviour. Lattice
models considering the case of unequal Frank constants
were built to predict the microstructure of LCPs, to
simulate the evolution of defects, and to simulate their
response to complex boundary conditions and applied
fields [25, 26].

The work reported in this paper is based on the
experimental measurement of distortion fields around
wedge disclinations in a liquid crystalline polymer. The
work involves image analysis of the director field deco-
rated by spontaneous band texture to obtain information
about the distortion around the core of wedge disclina-
tions. The values of apparent elastic constant anisotropy
have been measured for a large number of wedge
disclinations as a function of radial distance from + 1/2
cores. The values obtained for the anisotropy vary
randomly, over a wide range, from disclination to
disclination. In the companion paper [1], a tensor lattice
model has been applied to reveal the reason for this.

2. Determination of elastic anisotropy by optical band
texture
Previous work [4, 7] presented the formation and deco-
ration application of the spontaneous band texture in a
thermotropic main chain aromatic copolymer with a
flexible hexamethylene spacer which we term CI-6:

< O O o] &
I i I II
—|- 0—C— {CHy)g—C~0 =0 o-|—-
n

Figure 1 (¢) shows the unoriented band texture of a
Cl-6 thin film (about 10um in thickness) under a
polarizing light microscope. The long axes of the bands
were normal to the local mesogen director orientation;
thus the director field was revealed in the optical texture
by bands which were around 1 pm wide [4, 7, 8]. The pre-
requisite of this method is that the scale of the
microstructure to be decorated is significantly larger
than the spacing of the bands. It is therefore useful for
structures with comparatively low disclination densities.
For instance, the disclination density in figure 1 (a) is
about 3x10°mm~? (considered as two-dimensional
situation because of wedge disclinations), where the
distance between the majority of disclinations is in the
range 7-18 um. Furthermore, using a method similar to
that proposed by Hudson et al. [15] for measuring the
distortion of lamellae, it is possible to determine the
orientation of the band around the disclination in order
to calculate the elastic anisotropy of the LCP.
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Figurel. (@) The spontaneous band texture in a quenched film of CI-6 copolyester under the polarizing optical microscope
between two polarizers; (b) A digitally enhanced image of the spontaneous band texture; (¢) A selected unit image; (d) The
power spectrum obtained by fast Fourier transform; (¢) The radial integration of power spectrum as a function of angle;
(/) The direction of the band long axis; (g) The average orientation of molecular director in the unit image obtained from the
angular distribution function; () The map of the director field from (a).
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2.1. Image processing and director mapping

In order to obtain a description of the director field
from the experimentally observed optical band texture,
a digital image processing algorithm was applied. The
image analysis was adapted from the method of
analysing the packing morphology of carbon nanotubes
[27] using the image analysis software, xview.

The analysis procedure is illustrated in figure 1. Firstly,
an optical picture of spontaneons band texture,
figure 1 (a), was digitized using a scanner to give a grey
scale image. Figure 1 (@) is a micrograph of the sponta-
neous band texture at a relatively low magnification
(150 x 150 um?). The image was then processed by
filtering out both high and low frequencies to enhance
the band texture. The very low frequency background was
removed by a low pass filter, and the very high frequency
by local averaging, figure 1 (). In order to obtain the local
director, a small unit image was extracted, figure 1 (¢), and
the power spectrum obtained by the fast Fourier trans-
form method, figure 1 (d). The power spectrum is space-
independent and hence the augular distribution of the
intensity represents the angular distribution of the orien-
tation of the bands, figure 1 (¢). The average band orien-
tation in the extracted unit image can be defined as the
angle at which this distribution is a maximum, figure 1 (/).
Finally, the real average direction of the molecular
director in this unit image was given as that perpendicular
to the average band orientation, figure 1 (g). A discrete
map of the orientation distribution of the molecular
director was generated by systematically repeating the
above procedure from figures1(c) to (g), as shown in
figure 1 (h).

Measurements of the orientation of the director were
obtained at points corresponding to the location of the
centre of each unit image. The size of unit image and
the step between the neighbouring unit images were
varied, and determine the resolution of the discrete
director map. Every disclination image (29 x 29 pum?)
for the measurement in the following sections was
converted into a signal with a size of 450 x 450 pixel>. A
64 x 64 pixel® (about 4 x 4 um?) unit image and 16 or
8 pixel (about 1 or 0.5um?) steps were sufficiently fine
to resolve the optical image in this image processing.
The step reached the resolution of the optical image
because the spacing of the band was about | pm.

2.2. Method of measurement
In a thin film, the defects are wedge disclinations
around which the directors may be confined to lie in the
plane of the film. In this case, the disclination lines are
normal to the surface and only splay and bend dis-
tortions are likely. In figure 2 (@), the core of an isolated
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Figure2. (a) An isolated +1/2 disclination of CI-6 copoly-
ester revealed by the band texture. The director angle ¢
describes the orientation of the molecular director along
a polar line making an angle 0 to an appropriate axis at a
distance r from the singularity core. (b) The correspond-
ing director field from (@). (¢) The ¢(0) data measured
from the disclination (a) at r=1.0, 3.5, 5.0 and 6.0 um are
obtained from the director field (b). (d) The values of ¢ at
different radius r, &(r).

disclination is chosen as an origin in polar coordinates.
The director angle ¢ describes the orientation of the
molecular director along a polar line making an angle 0
with an appropriate axis at a distance r from the origin.
According to continuum theory, the distortional free
energy density, f, around an isolated disclination is
described in polar coordinates as [28]:

f= (%) <Z—z>2[l+scos2(¢—0)] (2)
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where k=1/2(k;1+k33). A second order non-linear
differential equation, which describes the relation
between ¢ and 0 in the most probable director con-
figuration, can be described by minimizing the total free
energy with respect to the two-dimensional director
field [28]:

2 -
€ lg—gfcoﬁ((ﬁ@)—k % <2 %) sin 2(¢0)]

__ P
-t 3

For small values of |¢/, a first order perturbation
expansion given by Nehring and Saupe [10] can be used
to calculate the value of ¢ directly.

s(2—s)
4(s—1)°

where s is the topological strength of a disclination and
¢ and ¢’ are constants which influence the orientation of
the disclination. Wang et al. [20] claimed that equation
(4) can be used only within —0.667 <¢<0.667, but a
significant deviation appeared when |¢>0.4. However,
the values of ¢ for main chain thermotropic LCPs are
most likely greater than 0.4, as reported in the literature
[13, 18]. In this case, elastic constant anisotropy should
be calculated from the numerical solution of equation
(3) by fitting the experimental data as shown in
figure 2 (¢).

The distortion data ¢(0) can be obtained from the
director field mapped by the above-described image
analysis. The origin is defined once the disclination core
position has been identified. Hence the director field data
¢(0) at radius r can be determined. As shown in
figure2 (@), all data points inside the ring between
radius r and r+ Ar are included in the data ¢(0) (Ar=
step—0.1; Ar=1pum if step=16pixel and Ar=0.5pum if
step =8 pixel). The number of data points increases with
the radius. Figure2(c) gives examples of ¢(0) data
measured from the disclination at distance r=1.0, 3.5,
5.0 and 6.9 um. The first derivative d¢/00 and the second
derivative 0%¢/00°> can be approximated using central
finite difference from the ¢(0) data. The elastic anisotropy
¢ at different radius r, &(r), is determined by a least-square
fit to equation (3) and shown in figure 2 (d).

¢=s@+c+e{ sin[2(0(s—l)+c)]+c’} (4)

3. Elastic anisotropy measured from a disclination

Disclinations of topological strength + 1/2 were used
in this measurement, as its distortion was predicted
to depend greatly on elastic anisotropy [9, 11, 15].
Theoretically, elastic anisotropy is independent of the
radius. In the measurement, for the majorities of +1/2
disclinations closely surrounded by neighbours the

values of ¢ were rarely constant as the radius increased,
and deviated further when the radius approached
neighbouring disclinations. However, the impact of
multiple disclination interactions is a complicating
factor. Only for some + 1/2 disclinations with distant
neighbouring disclinations (separation distance larger
than 10 pm), the function &(r) levelled off at around one
when radii were greater than about 2.5 um, as shown in
figure 2 (d). Therefore, only the + 1/2 disclinations with
a distance greater than 10 pm to its nearest neighbour
were chosen for measurement.

The Frank theory is not suitable for describing the
core structure of a disclination, since the energy density
becomes infinite when r approaches zero. On the other
hand, the deformation energy of the core is, in general,
considered to be smaller than the gain in free energy
due to the orientational order of a corresponding
volume. The effect of the core is confined to a radius
less than the wavelength of light and is therefore
beyond the resolution of an optical microscope.

The values of ¢ at radii less than about 2.5 pm would
have been less reliable, see figure 2 (d). There are fewer
data points available when approaching the core of the
defect. For instance, only four data points of ¢(0) are
measured at a radius of 1 pm in figure 2 (¢). Therefore,
the ¢(0) data are insufficient to describe the actual
trajectory change of the bands when approaching the
core of the defect. In many other cases of +1/2 dis-
clinations (measured in the next section), the values of ¢
may decrease or increase with the radii near the cores
[seefigure 4 (b)]. However, the core effect is negligible in the
optical measurement as lower values are not possible.

In the following measurements of other disclinations
of +1/2, the value of the elastic anisotropy measured
from one disclination is defined as a mean of values of ¢
in the range of radii larger than 2.5 um and less than a
half of the distance, d, between the nearest neighbour-
ing disclinations. For the disclination in figure2, the
mean of ¢ is 0.99 measured in a range of radii from 2.5
to 8.0 pm.

4. Variations of the elastic anisotropy

As mentioned already, this measurement was sup-
posed to be a method for measuring the splay—bend
elastic anisotropy of LCPs. However, after measuring a
number of + 1/2 disclinations, it became clear that the
issue was not straightforward. Figures 3 and 4 show the
measurements from four disclinations in one specimen.
It can be seen from figure4 (b) that the values of the
elastic anisotropy measured from these selected dis-
clinations change dramatically from —1 to +1. In
figure 3 (a), two neighbouring +1/2 disclinations are
revealed by bands in two extreme patterns, one showing
a bending ‘archway’ (al) and another a completely
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Figure3. Four +1/2 disclinations of CI-6 copolyester
showing different distortions revealed by the orientation
of bands and the corresponding director fields obtained
by image analysis. In (@), there are two neighbouring
+ 1/2 disclinations showing two extreme structures, one
is mostly bend (‘archway’) («l) and the other mostly
splay (‘sunrise’) (a2). The distortions around disclinations
(b) and (c) show both bend and splay, however the bend
distortion is in the greater proportion in (b) while splay is
in (¢).

‘sunrise’ splay structure (a2). Consequently, the mean
values of the elastic anisotropy ¢ measured from these
two disclinations show opposite signs, i.e. for disclina-
tion (al), e=1.00, and for disclination (a2), ¢=—0.98.
Mean values of ¢ within the range —1 and +1 also
appear for the disclinations shown in figures 3 (b) and
3 (¢), specifically 0.37 and —0.56 respectively. Accord-
ing to the definition of the splay—bend anisotropy,
&= (k11 —ks3)/(k11 + k33), the measured values of ¢ imply
that the bend constant could be much greater than the
splay constant measured from one + 1/2 disclination
and much less than that measured from another in
this material. Obviously, this implication makes no
sense. The values of the elastic anisotropy obtained by
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Figure4. The measurements from the four +1/2 disclina-
tions of Cl-6 copolyester shown in figure 3. (a) The ¢(0)
data measured from these four disclinations at the same
radius r=3.6 um. (b) The results of &(r) measured from
these four disclinations.

measuring distortions around a single + 1/2 disclination
do not appear to represent intrinsic elastic anisotropy
for the LCP, and are therefore termed as apparent
elastic anisotropy, &,.

A large number of repeat measurements have been
carried out in order to determine the distribution of the
apparent elastic anisotropy and to understand the
change of distortions in different disclinations of
strength s= + 1/2 for the Cl-6 polymer. The advantage
of this measurement is that a large number of
disclinations revealed by the band texture under the
polarizing microscope are available. Figure 5 shows the
distribution of the values of ¢, measured from sixty
disclinations of strength s=+1/2. The histogram is
constructed with all the values of ¢ rounded up or
down to the first decimal place. This distribution is not
easily characterized or interpreted. This figure shows
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Figure5. The distribution of the mean values of ¢, measured

from sixty disclinations of s= +1/2 in nematics of Cl-6
copolyester.

that the probabilities of each value of ¢, (—1<e<1) is
not greater than 15%, i.e. there is no value of ¢, which
is statistically dominant. Therefore, the distortions
around the defect tend either to bend or to splay, or
show some intermediate situation of both bend and
splay. In fact, it can be seen that the band orientation
around the cores of +1/2 disclinations changes signi-
ficantly from figure 3 (a) to figure 3 (¢) in one specimen.
Furthermore, a number of disclinations reach the limits
+1, and the corresponding director field is either
completely free of splaying distortions (¢,=+1), an
‘archway’ structure, [figure 3 (al)], or free of the bend
distortion (g, = —1), a ‘sunrise’ structure [figure 3 (a2)].

Obviously, such pronounced variations in the elastic
anisotropy for one kind of material seem unreasonable.
According to theoretical studies for the unequal elastic
constant case [10, 11], the distortion of disclinations of
strength s=+1/2 is only a function of elastic aniso-
tropy ¢. In other words, the distortion in disclinations
of the same topology (+ 1/2) could vary from one liquid
crystal to another if their elastic anisotropies differ.
However, for every liquid crystalline material, its elastic
constant anisotropy ¢ should be a constant which takes
into account the energy of curvature and patterns of
the director field of that particular material. Therefore,
+1/2 disclinations should exhibit just one distortion
pattern for a given material. The difference between the
theoretical prediction and our measurements means
that the changes of curvature in wedge disclinations of
strength + 1/2 are not exclusively determined by elastic
splay—bend anisotropy.

In addition, the wide distribution of ¢, in figure5
seems to give a hint that the intrinsic elastic anisotropy
for the semi-rigid Cl-6 copolyester may be around zero
(the mean of ¢, is —0.08), if compared with the values

of & measured from the simulated disclinations using
equal and unequal elastic constants in [1]. It would
appear that the apparent elastic anisotropy varies
between —1 and +1 in the case of ¢=0. There will
be further discussion and evidence of this in [1].

5. Discussion on the variations of elastic anisotropy
5.1. Errors of the measurement

The possible sources of error in the determination of
elastic anisotropy by measuring the distortion around
the disclination using the lamellar decoration method
have been discussed extensively [15, 16]. Similarly, there
are many factors which may introduce errors to the
measured elastic anisotropy in the band decoration
method, such as the resolution of the image, the deter-
mination of the position of the singularities, interac-
tions with neighbouring disclinations and so on. Firstly,
the optical band resolution of 0.5~ 1pm increases the
error in determining the distortion of the disclination,
compared with that of lamellae observed under a trans-
mission electron microscope (the period of the lamellae
is about 50 ~ 100 nm in the lamellar decoration method)
[15]. Secondly, the effect of miscentring the origin on
the disclination is obvious. In this measurement, the
position of the disclination is determined from the dis-
crete director field obtained from the image processing.
One pixel in the centre of the symmetric director
pattern is chosen as the origin of the disclination, and
the error in miscentring can be less than or equal to the
band spacing. On the other hand, compared with the
lamellar structure, the continuous and distinct bands
make it easy and accurate to measure the orientation of
the director from the local power spectrum as it essen-
tially gives rise to a strong peak corresponding to the
band orientation in Fourier space; see figure 1 (d) and
1 (e). Therefore, the combined error introduced by this
optical method of determination should be acceptable,
and cannot cause such big differences in the value of ¢
measured from different disclinations.

5.2. Effect of polydispersity of LCPs

The following discussion is on the characteristic
features of the polymer that may contribute to the
variations of ¢, calculated from different +1/2 discli-
nations. The polydispersity of a polymer would have an
important influence on the elastic constants. Meyer [21]
demonstrated that the splay constant increased with
molecular weight for LCPs; the twist and bend cons-
tants, however, depended on the persistence length. The
elastic constants can be expressed in simplified equa-
tions for main chain thermotropic polymers given by
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Meyer [21] and Odijk [22].

ki~ k% (%) (5)
ot (1) 0
et () »

where p is the persistence length of the chain, L the
contour length of the chain, D the diameter of the
molecules, k& the Boltzmann constant and 7 is the tem-
perature in Kelvin.

According to Meyer and Odijk’s prediction, if the
chains are sufficiently long, the persistence length
reaches a limit which becomes independent of mole-
cular mass, while the contour length increases with
molecular mass, and hence so does the splay constant,
without reaching a limiting value. Thus, for thermo-
tropic main chain LCPs, the splay constant may
be significantly larger than either the twist or the
bend constants. The bend distortion is energetically
favoured. It can be inferred that the splay—bend elastic
anisotropy of a LCP should always be positive and also
show a Gaussian distribution of values similar to the
typical distribution of the molecular mass of polymers.

As a matter of fact, the histogram of ¢, in figure5
shows that the distribution of ¢, is wide and undeter-
mined. Only about a half number of +1/2 defects
appear in the bend distortion favoured, the others are
splay favoured, and in some extreme cases, the bend
distortion is even prohibited. A negative value of ¢ was
also measured from one +1/2 disclination in a semi-
rigid LCP using lamellar decoration method [15, 16].
Thus, the effect of polydispersity of the polymer
may not be directly correlated with the variation of
the apparent clastic anisotropy, perhaps at least for
semi-rigid LCPs. De Gennes [29] and Khokhlov and
Semenov [30] proposed that a hairpin bend could occur
in a semi-rigid chain consisting of mesogens jointed
by flexible spacers. The splay elastic constant of LCPs
in the nematic state could be strongly influenced by
hairpins. The hairpins could act in similar fashion to
chain ends and lower the effective splay constant. The
fact that the measured apparent anisotropy averaged to
give a value —0.08. i.e. close to zero, suggests that there
i1s no intrinsic anisotropy to produce a bias. It seems
reasonable to suggest that this indicates an intrinsic
anisotropy near to zero, as the polymer used contains
flexible spacers and thus hairpins may reduce the
otherwise high value expected for the splay constant.

Therefore, we now need to think in more detail
about the real meaning of the measured values of the
apparent e¢lastic anisotropy &, and the relationship

between intrinsic elastic anisotropy and polydispersity
in the LCPs. However, more theoretical and experi-
mental work needs to be performed, and in particular
on the second issue. The obvious disagreement also
raises questions about the measurement method. The
pronounced change of ¢, in the measurement may be
due to the inapplicability of the theory rather than the
real change of the elastic constants in the materials.

5.3. Effect of disclination interaction

In the continuum theory, the structure of a single
disclination is deduced on the assumption of minimum
elastic free energy. Therefore, the disclinations mea-
sured should ideally be isolated ones, and has been
calculated in [1]. In reality, in polymers a state of
ultimate thermodynamic stability is hardly ever
attained, so the nematic state of the material does
not meet the condition of being in a minimum total
elastic free energy. It is rare to observe a purely isolated
disclination in a polymeric mesophase. Even isolated
pairs (+1/2, —1/2) are rare: each defect is surrounded
by a host of other defects, some with positive and
some with negative signs. Therefore, defect interactions
may play an important role on defect structure.

To observe spontanecous bands, it is necessary to
anneal the thermotropic sample at a relatively high
temperature for about 10 to 20min in the nematic
phase. During the nematic annealing, the disclinations
approach each other and annihilate to minimize their
total elastic free energy. Eventually, the density of
disclinations only decreases to a certain degree
(10>mm~2 for Cl-6 copolyester) because of the high
viscosity of the sample melt and surface anchoring. In
all disclinations measured, the distances to the nearest
neighbouring disclinations are greater than 10 pm,
but nevertheless may have an effect as the resolution
of the method is of the order of 1 um. Thus, it should
be pointed out that the values measured from the
distortions of any individual disclination are probably
not good indications of the average material elastic
anisotropy. The neighbouring defect interaction cannot
be neglected. The wide distribution of the values of
the apparent elastic anisotropy (as shown in figure 5)
may just reflect the complex effect of the disclination
interaction, resulting from a wide variety of patterns
of disclination clusters in the real nematic system. It is
nevertheless intriguing that the distortion obtained is
largely independent of r as indicated by the plateau of
figure 4 (b).

Finally, it is interesting that some defect separation is
observed, as shown in figure 6, which may provide some
clues of the formation of + 1/2 disclinations with extreme
patterns, such as ‘sunrise’. Apparently, the almost con-
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Figure 6. The separation of a radial integer disclination (s= +1). As a result, the corresponding director trajectories show two
close ‘sunrise’ + 1/2 disclinations.

centric band around a centre in figure 6 could be seen as
a radial disclination (s= +1, ¢=0). In fact, the corres-
ponding director field obtained by the image analysis
shows that there are two +1/2 disclinations showing
predominant splay ‘sunrise’, which would be easily asso-
ciated with a split of an integer disclination (s= + 1, ¢c=0)
in the centre area. This image illustrates that the separated
+1 disclinations could be one of the sources resulting
in the extreme curvature strain of +1/2 disclinations.
This provides evidence that various distortions of + 1/2
disclinations may exist and are strongly influenced by
their local environment.

6. Conclusions

The distribution of the apparent elastic anisotropy
measured optically from disclinations forming a texture
is broad. The application of an optical method for
determining distortion anisotropy of resolution of the
order of 1 pum, to a +1/2 wedge disclination in an array
where the mean spacing is a few 10s of um, gives a
value of the distortion which appears to be determined
more by the director field of the neighbours than by
any intrinsic anisotropy. It is worthy of note however
that the anisotropy of a given +1/2 disclination in a
given environment does appear constant over a distance
of several microns out from the core. In the following
paper, a tensor lattice model has been applied to
modelling the influence of disclination interaction on
anisotropy of these director fields [1].
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