Chapter 3

A theoretical analysis of the chiral structures formed
by the smectic-C liquid crystal domains

3.1 Introduction

In this chapter, we present a theoretical analysis  the stability of the chiral domain
structure described in the previous chapter. We show that the chiral symmetry
breaking is due to a combination of surface anchoring and bulk elastic properties
specificto smectic-Cliquid crystals. In particular, a cross-coupling between the twist
and bend distortions in the c-vector field is responsible for the helical structure of
these domains. Thisisthe firs demonstrationof the effect of such a coupling which
Is permitted by the symmetry of smectic-C liquid crystals. The sign and magnitude
of the corresponding elastic constant are estimated by comparing the theoretical
results with the experiments. We have also analysed the effect of the twist-bend
coupling on the stability of a straight +2 disclination line. It is shown that the line
prefers to be tilted with respect to the smectic layer normal. As mentioned in the
previous chapter, the SmC domains produce a twist distortion in the surrounding
nematic. An estimate of this twist distortion energy shows that it increases rapidly
as the domain diameter approaches the cell thickness. An analysis of the domain
shape taking this elastic distortion and the anisotropy in the interfacial tension into
account shows that the equilibrium shape is highly anisotropic. Also, asthe volume

of the domain isincreased, the domain Iength increases much more rapidly than the
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radius, which isin accord with the experimental observations.

Before going into the details of the calculations, we give a brief introduction to

the theory of elasticity o SmC liquid crystals.
3.1.1 Elastic properties of smectic-C

As already mentioned in the first chapter, smectic liquid crystals have a crystalline
order along one direction and a liquid-like order in the orthogonal directions. More-
over, there is an orientational ordering of the molecules within the layers. Thus
they can exhibit both 'crystal-like' and curvature elastic properties. In smectic-A,
‘asmall distortion o the layer spacing (compression or dilation) creates an energy
density proportional to (V,u)?, where u describes the displacement field (Hooke’s
law). Similarly, layer curvatures not involving any change in the distance between
the layers will cost an energy proportional to (V3 u)? due to the splay distortion of
the Frank-director (note: in SmA, the Frank-director is parallel to the layer nor-
mal). In the case d smectic-C , there is an additional degree of freedom, namely,
the orientation of the c-vector. The c-vector can have splay, bend and twist dis-
tortions like the Frank-director in nematics. But the c-vector is polar unlike the
Frank-director which is apolar. The magnitude o the elastic constant correspond-
ing to layer spacing variations is estimated to be around 10%erg cm™3. Although this
issmall compared to that for crystals (~ 10%rg em=3), the layer spacing variations
are energetically very expensive compared to pure curvature distortions. The elas-
tic constant corresponding to the curvature distortions is ~ 10-%dyne. Therefore,
In many situations, it is a good approximation to assume that the layer spacing is

constant.

The smectic-C free energy density should be invariant under the transforma-

tions of the Cy, symmetry group which are the following:

e Reflection about a plane containing the layer normal, N and c.



e Two-fold rotations about an axis perpendicular to N and c. We represent this

axisby p=N x c.

Also, the energy should remain invariant under global rotations and translations.
The bulk curvature elastic free energy density of an incompressible SmC' can then

be written as [35]

o= Ko s Ko v o 4 K9 K-V %)
+£{2—2(N-Vxc)2+%(v-c)2+%(c'vxc)2

+Ku(N-V xc)(c-Vxec)+K(V-c)(p-V xc)

+K3(V-N)(V-¢). (3.1)

For SmC , the layer curvature energy is anisotropic. The elastic modulus for
curvatures in the N — ¢ plane is different in magnitude from that for curvatures in
the perpendicular plane. The first term in Eq. 3.1 is the isotropic part of the layer
curvature energy. The second term gives the anisotropic contribution. Terms with
coefficients K5, K¢, K7 and Ky occur due to the coupling between layer curvature
and c-field distortions. The terms with constants K3, K and K; describe the bend,
splay and twist deformations in the c-field, respectively, and are the three principal
deformations of the c-field, not involving layer distortions. The term with Ky; isa
coupling between the bend and twist deformations in the c-field. In the next section
we show that it isthis coupling that is responsible for the helical nature of the chiral

domains.

No chiral (pseudoscalar) terms are alowed in the free energy expression by the
Con, symmetry of the SmC layers. Thisis not the case if chiral molecules are added
to a SmC liquid crystal. In such chiral systems, the point symmetry of the layers
is reduced to C,, and hence chiral terms can be included as we shall see in the fifth

chapter, Sec. 5.2.3.
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3.2 Stability analysis of the chiral domain structure

In this section, we calculate the elastic energy of the SmC domain and show that
with the bent c-field configuration described in the previous chapter within each
layer, the elastic free energy isindeed minimised for a helical stacking of such layers.

To simplify the analysis we make the following assumptions:

e We assume that there is no compressive or dilative distortion of the smec-
tic layers. This assumption is based on the following argument. Consider a
SmC domain of size L. Layer dilation/compression elastic energy scales as
B(V,u)?L3 ~ B(?L3, where B is the relevant elastic constant. Similarly, dis-
tortions in the c-field cost energies which scale as (K/L?)L3. For these two
contributions to be comparable, ¢ ~ (K/B)Y?(1/L) = A/L, where X isdf the
order of molecular dimensions. Therefore, A/ L has to be negligibly small if the
two energies are to be comparable. In other words, layer spacing variations

are energetically very expensive compared to curvature distortions.

e The experiments described in the previous chapter indicate that the SmC
layers are flat. Therefore, terms describing layer curvatures can be dropped

from Eqg. 3.1.

e We assume strong ‘anchoring' of the moleculesat the N-SmC interface and
assume that the singularity lies on the surface of the domain (the effect of
relaxing this condition will be discussed later). This alows us to calculate
the contributions to the total elastic energy from the smectic domain and the

surrounding nematic independently.

e The analysisisfor long domains in which the elastic energy contribution from
the tips can be ignored compared to that from the bulk and the domains can

be considered as perfectly cylindrical. Experimentally, domains as long as
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Figure3.1: (a) Thec-field within each SmC layer (shaded region) can be considered
as a part of a +2 disclination (dashed curves). (b) The pattern in (&) rotates from
layer to layer to produce a helical structure. Three typical layers within half a pitch
of the helix are shown.

be along the X-axis, Eq. 3.4 reduces to

50 = (Ve )+ B (V2 9) — (V2 6)(V. ), (3.5)

which isin aform originally written by the Orsay group [37]. Thefreeenergy density

(Eq. 3.5) can be written in the form

2" = (Vig)Kii(Vi) ;5 i,j=r,2, (3.6)
where
| K Ky
K"J"[KM K, l

Isa real symmetric matrix. The stability condition is given by K >0, K; > 0, and
det[K;;] > 0 (which implies KK; — K2 > 0).
The Euler-Lagrange equation corresponding to Eq. 3.4, assuming a one elastic

constant approximation, is

K [V%$ - 4cos¢ V;V.¢ — 45in$ V, V.9
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Figure 3.2: Definition of the coordinate system and the angles used in the theoretical
description o the structure of the domain.

+2(sing V¢ —cos¢ V,0) V9] = 0. (3.7)

Equation 3.7 is highly non-linear and seemsintractable analytically. We, therefore,
analyse the stability of the chiral domains by assuming an ansatz for ¢(z,y, z).
From the experimental studiesit isclear that the c-field within each layer islike
part of a +2 disclination (Fig. 3.1a). The structure rotates from layer to layer such
that thelocus o thesingular point describes a helical line of period 27/q (Fig. 3.1b).
Thisstructure can be modelled asfollows: Thelocal coordinate systems (X" ,Y", Z")
and (X', Y', Z') have their origins at the singular point, S, and co-rotate with the
singularity. The former is rotated by an angle « = gz with respect to the latter
which is parallel to the lab-fixed (X, Y, Z) system (Fig. 3.2). The +2 structure can

then be described as
¢Il(xll, y", z/r) — 2,¢Jﬂ j: 7T/2 , (38)

where the sign of the /2 term defines the sense of rotation of the c-field. A neg-

ative(positive) sign of the /2 term leads to a clock-wise(anti-clock-wise) sense of



the c-field wthin each layer; Fig. 3.1 corresponds to the negative sign. In a loca
(X', Y', Z') system (Fig. 3.2), which is parallel to the lab-fixed X, y, z system, with
y' = arctan(y'/x') and a = gz, the angle made by the c-vector with respect to the

Xl-axisis

$ey,7) = ¢'+a
= 2 —axn/2

= 2arctan(y'/x') — gz £ /2 (3.9)

Going to the lab-fixed coordinate system ¢ (Xx,y,z) can be written as

+ Rsin(gz) T
y q T
X —R {1—cos(qz)}| 9z £ 2’ (3.10)

¢ (X,y,2) = 2arctan
where R isthe radius of thedomain. The handedness of the helical structure depends
on the sign of g. Fig. 3.1b corresponds to negative g. The elastic energy density
diverges as the singularity is approached. Due to this reason, a core region (of
radius p, ~ 100A4) around the singularity will be 'melted’ and is a natural cut-off
while performing the integration. It is convenient to choose a local polar coordinate

system (Fig. 3.3) such that
7' =peosy, ¥ =psiny, 7 =z (3.11)
and
§=v¢ —qz. (3.12)

The free energy density, Eq. 3.4, becomes

SmC = 9 [K + (K;Rq — 2K};) Rq cos? 6] % (3.13)

1 K,
2 t 2
-9 [(Kth — Kpyq) cos 5] p +54

The energy per unit length o the domain, neglecting the energy cost for creating
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Figure 3.3: Definition of the polar coordinate system used in the calculations.

the 'molten’ core of the disclination line, can be obtained as

FSmC 1 qz+m/2 2Rcosd
e =/ dz/ d¢'/ pdp f5mC (3.14)
L 0 qz—7/2 c

where p. is the cut off length. Thus the elastic free energy per unit length of the

cylindrical domain can be obtained as

7 2rK ln(—p—c—) Fo2rnKyu Rq [In (Z) + B~ 5]
t7K,R?¢* [In (—}E) + pe _ 1] (3.15)
Pe R
~ 27rK1n(5> + oKy Rq [ln (5> - 1]
pC pc 2
2 2 R
+7K:R*q [ln (—) - 1] , (3.16)

since p. < R. Equation 3.16 has a minimum for

K [m(R/p)-1/2
=t l In (R/pe) — 1 ] ! (3:17)

9o
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Figure 3.4: Variation of the pitch of the helical band as a function o the radius
o the domains. The experimental points (*) were obtained using cells o different
thicknesses. The solid lineis the theoretical fit obtained using Eq. 3.17.

where terms of order p./R and higher have been ignored and the sign on the r.h.s.
o Eq. 3.17corresponds to that of then/2 termin Eq. 3.10. It isclear that a nonzero
K implies an elastic free energy minimum for a nonzero value of g. From Egs. 3.10
and (3.16) it follows that for a given sign d the bend in the c-field the sign o ¢,
is determined by that o K. For K > 0 the disclination line has the same sense
of winding as the fi-field on the surface of the domain, and for Ky < 0 the two
have opposite senses. From the observations on the domains formed in the twisted

nematic cells, we infer that K, is positive for this system.

A plot of the theoretical fit to the experimental values of the pitch asafunction
of thedomain radiusisshown in Fig. 3.4. Assumingq, =~ Ky /KR, theratio K,/ K;
Is estimated to be 0.35.

Thus we see that the system prefers a chira structure for the domains even

though the achiral system does not permit chiral termsin the free energy expression.



contribution from the tips is negligible compared to that from the ‘cylindrical’ por-
tion of the helical structure described earlier.. The electric field experiments indicate
that the chiral structure is preferred even in domains which are a few hundred mi-
crons long. We fed that the observed bent c-field configuration may be preferred

due to the reasons stated below.

(i) An orderelectric polarisation near the interface: The orientational order
parameter Q can be expected to vary sharply over a coherence length ¢ (typically a
few molecular lengths) at the N-SmC interface. This gives rise to an orderelectric
polarisation

IP,| ~ e (6Q)/€, (3.18)

where e is the relevant coupling coefficient,and an electric field
E = (4n/€)P, (3.19)

normal to the interface, where € isthe appropriate dielectric constant [38]. The bend

distortion in the c-field generates a flexoelectric polarisation
|Ps| ~e/R, (3.20)

where R is the radius of the cylinder and for simplicity we have used the same
coefficient e. If the mutual orientation between E and Py isfavourable, the gain in

energy per unit length of the cylinder

Fotee ~ (%) (9—?> (4?”) orRE (3.21)

The bend distortion costs an energy per unit length is

Fbend ~ 7K ln (E) 3 (322)

Te
where K isan elastic constant and r, the core radius. Using the values (in cgs units)
e~5x107%86Q ~ 0.1,¢ ~ 5 and K ~ 0.3x 107 for the c-vector distortions, there

Isa net gain in energy up to R ~ 1um if the c-field has a bend distortion.



(if) An elastic coupling df the c-field to the concentration gradient in the binary
mixture: In the two-component system the gradient of the concentration x across
theinterface can belarge. Thiscan favour a bent c-field configuration at the surface.

The surface-liketerm
Feone = fc/dV V-[ex (Vxxc)]= m/dS- [c x (Vx x ¢c] (3.23)

in the elastic free energy is of particular interest. A negative value for « favours
the bent c-fidd configuration at the N-SmC boundary. Note that Vx can also

contribute to P, discussed above.

It should be noted that the boundary alignment with the c-vector tangential to
the interface is compatible with a structure consisting of a straight +1 disclination
line running along the domain axis (Fig. 3.6a). Such a configuration, which can be
expressed as

¢ = tan™! (%) + ;_r , (3.24)

is a solution to the Euler-Lagrange equation obtained from Eq. 3.4. The energy per
unit length for a domain with a +1 line can be easily obtained as

1
Fy

T = 7Klin (£> + €core (3.25)

Pc

where p. is the radius of the core of the defect and e..re IS the energy cost for
creating the core. This is lower than that for the structure with a helical line
running along the surface which is given by Eg. 3.16. As pointed out by Langer
and Sethnafor the 2D case [31], the advantage d having the +2-like structure with
the core near the periphery over the +1 is that in the former case the defect core
can be expelled from the domain by violating the boundary alignment over a small
region (Fig. 3.6b). This would, of course, cost surface free energy which is aways
finite. Sincethe elastic energy density diverges logarithmically as the defect core is
approached, expelling the defect by even a small amount can result in considerable

reduction in the distortion free energy [31].
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Figure 3.6: (a) The c-field in a SmC layer with a +1 disclination line. (b) A SmC
layer (shaded region) where the defect core is 'expelled’ from the layer by violating
the boundary alignment condition. This costs additional surface energy but at the
same time reduces the bulk elastic energy.

Apart from the above possibilities, the boundary alignment of i could aso
have led to a ‘batonnet’ structure which includes a focal-conic domain. Unlike
in Sm A, the focal-conic structure in SmC' is 'broken' and costs additional energy
[23]. Moreover, the preferred boundary alignment condition (director parallel to the
interface) is violated over a larger area in'the case of batonnets, compared to the

other structures discussed above (see Fig. 2.1).

3.4 Stability of a +2 disclination line

Since the defect structure within each layer of the chiral domainsis like part of a
+2 disclination, it is interesting to see the effect d the bend-twist coupling on the
stability of afull +2 linein SmC . The symmetry of the +2 structure allows us to
restrict our attention to a case where the line stays in the YZ plane and is alowed
totilt in the direction of the Y axis (Fig. 3.7) by an angle 3. The smectic layers are

parallel to the XY plane. This structure can be described as

¢ = 2tan"! (-"’_Tmi) + % , (3.26)
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Figure 3.7: A schematic diagram showing a +2 disclination line ! which istilted by
an angle § in the ZY -plane, with respect to the SmC' layer normal.

where a = tanf8. We put X = 2’ = pcosy and y — az = 3y’ = psiney so that
o =11Fn/2.

From Eq. 3.4, the elastic free energy density for such a structure can be written
1
7
Equation 3.27 has to be integrated over unit length of a cylindrical volume with the

f§% =2 [K + Ka? cof + 4Kya cos 1L (3.27)

defect line asthe cylinder axis. The intersection d a plane parallel to the X-Y plane
with the cylinder of radius R is an dlipse of the form z'2/a® + y2/b* = 1, where
a=Rand b= R/ cosp (Fig. 3.8). After integrating over p and z, the l integration
was done numerically (using Gaussian Quadrature method [39]). With the following
values (in CGS units): K = K, =05 x 1075, K = 0.1 x 107, p. = 1 x 10~ and
R =5 Xx 107¢, the integrated energy has a minimum for 8 = 35°. A similar analysis

done for a +1 line shows that the line prefers to be along the layer normal (notilt).
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Figure 3.8: The elliptical section made by the intersection of a cylinder, whose axis
is along the disclination line, with a plane parallel to the smectic layers.

3.5 Distortion energy for the nematic medium

From the experiments it isclear that the nematic surrounding the domain has a twist
distortion. At the surface of the domain, the nematic director, i, liesin the tangent
plane and is tilted with respect to the domain axis. This angle is roughly equal to
the SmC tilt angle, 6y, at the given temperature. At the cell walls the director is
forced to lie along the alignment direction. These boundary conditions are satisfied
by having a continuous twist deformation in the nematic director field surrounding
the domain. For simplicity, we assume that the distortion is cylindrically symmetric
with the twist angle changing from 8, to zero over a distance (Ry — R), where 2R,
isthe cell thickness and R isthe domain radius (Fig. 3.9). Thedirector distribution

can be represented as
i = (n,,n4,n,) = (0,sin8,cos0) . (3.28)

The Frank-elastic energy expression, with the usual one elastic constant approxima-

tion, can be written as

nem __
el -

% [(V-2)2+(V x 2)?. (3.29)



Nematic

Figure 3.9: Schematic representation of the nematic distortion around a SmC do-
main. The shaded region represent the cross-section of the SmC domain. The nails
represent the projection o the Frank-director in the nematic.

In polar coordinates,

K, |(06\® sin26 sin(20) 86
nem = — || — . .30
el 2 [(31‘) + r2 + r Or (3:30)
The Euler-Lagrange equation obtained from 3.30is
d ( 00 1
—(r=| - —si = 31
o (r 87‘) o sin(26) =0 (3.31)

and the boundary conditionsare8 =6, at r = Rand 8 =0 at r = Ry. Eq. 3.31

can be integrated assuming 8 to be small (so that sin8 ~ 8) to obtain the relation

GR R2
— -0 .32

=wem (- 7) (832
Substituting 3.32in 3.30 and integrating from r = R to r = Ry, we get the nematic
elastic free energy per unit length along the domain axis as

nem

: [ R
d_ - e 3.33
T = 2K, 0 l(Rﬂ _Rz)] , (3-33)

where K, is the Frank-élastic constant of the nematic. Note that the distortion
energy due to the nematic diverges as R — Ry. This is because as the domain
radius increases, the nematic director has to twist by 8, within shorter and shorter
lengths. As we shall see in the next section, this distortion has a very significant

role in deciding the equilibrium shape of the SmC' domains.
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Figure 3.10: Dependence of the radius of the domains on the cell thickness (2R,).
The solid line is the theoretical curve obtained for the parameters given in the text.

The #’s are the experimental data obtained from cellsdf different thicknesses. Each
point is an average over several domains in a given cell.

3.6 Domain-shape analysis

In order to find the equilibrium shape of the domain we have to minimise the total

free energy
F=F5m"C+Fprem+F,. (3.34)

where the first two terms are the elastic distortion energies for the SmC domain
and the surrounding nematic given by Egs. 3.16 and 3.33, respectively. The third
term is the surface energy contribution from the N-SmC interface. As before, we
assume the domains to be perfect cylinders with flat ends. The interfacial energy
can then be written as

Fours = y2rRLt v 27R? (3.35)

where v and . are the interfacial tensions for interfaces which are parallel and
perpendicular to the cylinder axis, respectively and L, the length of the cylinder.

Equation 3.34 has to be minimised at constant volume. This constraint gives the



the SmC domains the director makes a constant angle 4, with the layer normal, N,
which is along the Z-axis. As before, we assume that the domain is cylindrical.
The variation in ¢ isdescribed by Eq. 3.10. In the nematic medium, the director is
taken to be paralel to the Z-axis at the two parallél glass surfaces of the cell. At
the surface of the domain the Frank-director in the nematic and that in the SmC
are parallel to each other. The variation o  and ¢ in the nematic between the glass

plates and the domain is assumed to be linear along the Y -axis.

A plane wave is assumed to be incident on the cell after passing through a
polariser. Thecell isoriented such that the alignment direction and hence the long-
axis of the domain is paralel to the electric vector of the incoming polarised light.
Since there are distortions in the director along the propagation direction, inside
the cell the light is, in general, elliptically polarised. This polarisation state can be
decomposed into two linearly polarised states which have their polarisation vectors
orthogonal to each other. These are called the ordinary and the extraordinary states
and they, in general, travel with different velocities given by the refractive indices
N, and negg, respectively.

Since the director-fields in the nematic and in the SmC domain are inhomo-
geneous both along the propagation direction and in the perpendicular planes, we
divide the entire medium into cubic cellsdf constant volume. Thedimension o acell
is chosen such that the director field within it can be assumed to be uniform. Since
the principal refractive indices of the nematic and the SmC are comparable, we
assume the same values of n, (ordinary) and n. (extraordinary) for both the media
This alows us to neglect effects like reflection and refraction at the N-SmC inter-
face. Also, since the birefringence, (n,—n,) <<n, or n,, refraction within a medium
can be ignored wherever the gradients in the director-field are small. However, the
refraction effectsmight be considerable very close to the singular line, near which

there are sharp variations in the director-field and hence in the effective refractive
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Figure 3.12: Diagram showing the different angles described in the text.

index, ness. For the sake of simplicity, we have ignored these effects in calculating
the transmitted intensities. In the simulation the incident plane wave after passing
through the polariser P, has its wave-vector, kg, along the Y -axis and the elecrtic-
vector parallel to the Z-axis. The analyser isset such that this polarisation state is

completely extinguished.
3.7.1 The 2 X 2 matrix method

In order to calculate the transmitted intensity, we make use of the 2 X 2 matrix
method [40, 41]. In this method, a one dimensionally inhomogeneous, birefringent
medium is assumed to be made up of a stack of perfectly homogeneous birefringent
plates along the ray propagation direction. When a plane wave passes through
such a system, there is a phase difference introduced between the ordinary and the
extraordinary rays on passing through each plate and a rotation of the polarisation
vectors (index ellipsoid) on going from one plate to another. The rotation is due

to the twist distortion in the director along the propagation direction of the wave.



The values o each of these effectsdepend on the orientations o the optic axes of

the plates as well as on the two refractive indices, n. and n,, of the medium.

The rotation of the polarisation vectors and the path difference introduced can
be expressed in the form of matrices R and S, respectively. If the wave-vector, kg,
d theincident plane wave is taken to be along the Y-axis, the rotation introduced

on passing from the (j— 1) plate to the j** plate is

R = ( cos(yp; — ¥j—1) sin(y; — ;1) )
7 - SlIl(’l’b‘7 — ’lf)j_l) COS(’l/)j — ij—l) )

where v; is the angle made by the projection o the optic axis (or the director in
our case) on to the XZ-plane, as measured from the Z-axis (see Fig. 3.12). More
precisely, the rotation matrix R performs the transformation of the polarisation
vectors from the frame determined by the optic axisin the (j — 1)** plate to the j*
plate. The path difference introduced between the ordinary and the extraordinary

rays by the j* plate of thickness Ay is given by

S. = e1211‘,21rAy/)\ 0
J 0 eineff21rAy//\ )

where A isthe wave-length of light. Thevalued n.sf, whichisthe effective refractive
index, is given by the expression

ToTle

(3.37)

Neff = [ 172

n2sin® a; + n? cos? aj]
where a5 isthe angle made by the director with respect to the propagation direction,
ko. The orientation of the director in the j™ cdl can be described using the angles
; and ¢; as i = (sind; cos¢;, sinf; sing;, cosd;) The angles a; and ¥; can be

related to 6; and ¢; as (see Fig. 3.12)

Cosa; = sind; sing; (3.38)
: (kx A;)-]
siny; = ————
’ 1Ayl
_ Sind; cos¢; (3.39)

SN @



Figure 3.13: Simulated texture of half a pitch o the chiral domain. Only quarter
pitch was simulated at a time for computational convenience. The vertical lineis
due to this reason.

The output state E, is obtained from the input state E; through the relation
Eo = P2RN+1 H SjRj) PIE,', (340)
j=1-N
where P, and P, are matrices representing the polariser and the analyser, respec-
tively. The matrix Ry, is the reverse transformation matrix to bring the system

back to the lab-fixed frame.
3.7.2 Results

Thesimulated optical texture of a section of the helical domain isshownin Fig. 3.13.
The texture shows a dark band running close to the disclination which appears as a
highly distorted line. This texture resembles the experimentally observed patterns
shown in Fig. 2.4, which was recorded using white light. In the simulation the
disclination line was assumed to be running on the surface of the domain. In the
actual domains this line may be expelled from the domain as was discussed earlier.

This might smoothen out the pattern very close to the disclination line.
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3.8 Conclusion

We have theoretically analysed thestability of the chiral domain structures described
in the previous chapter. This analysis shows that the helical structure is due to a
cross coupling between the bend and twst deformations in the c-vector field. This
is the first demonstration of the effect of such a coupling which is alowed by the
symmetries of the smectic-C liquid crystal. By comparing the theoretical results
with the experiments, we were able to determine the ratio of the elastic constants
Ky /K;.

An analysis of the twist deformation produced in the nematic shows that the
energy cost for this deformation restricts the radial growth of the domainsin thin

cells. The unusual shape of these domainsis due to this and the anisotropic nature

of the N-SmC interfacial tension.

We have also simulated the optical texture exhibited by the chiral domains and

the results agree reasonably well with the experiments.





