12t

Chapter V

Some Experimental | nvestigationson Type-ll Chiral Liquid
Crystals

5.1 Introduction

Superconductors are dassfied into two types depending on their resporse to an
external magnetic filed. The resporse depends on the Ginzburg parameterk (= A/¢&)
which is the ratio o the penetration depth (A) of the magnetic field from the surface to

the mherence length, ¢ of the order parameter. If « <1/ V2, the supercondtctor
completely expels the magnetic field (Meisqer effect) up to a aitical value of the field
above which the superconductivity is destroyed and it transforms to a normal metal. Such

materials are cdled type-l superconductors. On the other hand, if k >1/ J2, the
magnetic field penetrates the superconductor in the form of a triangular lattice of
quantised magnetic flux tubes giving rise to an intermediate state between the perfed
supercondictor and the normal metal. This intermediate phase is known as Abrikosov
phase. Materials exhibiting this phase ae cdled type-1l supercondictors.

It was pointed ou by de Gennes that like supercondiwctors SmA liquid crystals
can aso be dassfied as type-l and type-ll smedics depending on their resporse to
bending or twisting stress [1]. In chira liquid crystals, the screw dislocaions are
analogous to the flux tubes in supercondictors. Such dislocdions in liquid crystals can
not be aranged in atrianguar lattice [2]. Renn and Lubensky propcsed an intermediate
structure in which the contrary tendencies of smedic-like layering and cholesteric-like
twist coexist [2] in highly chiral liquid crystals. This intermediate phase is cdled the
twist grain boundry-A (TGBa) phase. In this phase, well defined SmA dabs are
separated by regularly spaced planar arrays of parale screw dislocaions (the twist grain
boundiries). The layer normals of the successve slabs rotate relative to each ather by an
angle. Goodby et a [3] experimentally discovered this phase in some highly chira liquid
crystals. Later X-ray diffradion and freeze-fradure experiments have @nfirmed the
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predicted structure of the TGBa phase [4]. A schematic structure of the TGBa phase is
showninFig.(5.2).
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Figure 5.1 Schematic representation d the structure of the TGB, liquid crystal.

To show the analogy between the Abrikosov phese made of a vortex lattice and
TGBA phase, following Lubensky et a [5] we write the Gibbs free energies for metalsin
a magnetic field and chiral smectics. The de Gennes free energy density describing
nematic to SmA transitionis given by [9]
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where F4 is the energy cost for the distortion o the Frank-director field. ¢ is the SmA
order parameter as described in equation (1.18) in chapter-1. r =a(T - T, ), where Tay is
the nematic to smedic transition temperature and a, g are cnstants. The terms with

coefficients C, and C, give the energy cost for creding gradients in the order parameter.

The dastic energy Fq isgiven by:
F, = %J‘d3x[|<1(m.ﬁ)2 + K, (AOxA) + K, (AxOx ﬁ)z] (5.2

where Ky, K; and K3 are the dastic constants associated with the splay, twist and bend
deformations of the diredor field. Asaming C,=C_,=C, and K;=Ky=K3=K,

equation (5.1) can be written as
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In case of supercondtcting metals the Ginzburg-Landau free eergy is given by [5]
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where (¢ is supercondictor ‘gap’ complex order parameter, A the magnetic vedor
patential, € the dedronic charge, ¢ the velocity of light, 4 the magnetic permeability,
7 the Planck’s constant, m the dfedive massof the dectron. Several superconductor-
liquid crystal analogies are seen from equations (5.3) and (5.4). The order parameters in
both the systems are wmplex quantities. In the cae of supercondictors the order
parameter is the Cooper-pair wave function and it is the mass-density wave normal to the
layers in the case of SmA. The nematic director i is analogous to the magnetic vedor
potential A, and twist or bend (OxA) deformations to the magnetic indution
(B=0OxA). However there is no analogy of the splay deformation in the cae of
supercondictors snce [.A =0. Superconductors expel magnetic lines of force; similarly
smedic liquid crystals expel twist and bend deformations. These deformations are
asociated with the dhange in layer spadng in the SmA phase, which is energetically
expensive.

The dastic free aergy for the smectic phaseis given by [5]
F = %Idsx%(ﬂnu)z + D(DDu + &TE
1 (5.9
= [k, (OA + K, QO xR + K, (Ax O x A)Y ]

where B measures the energy cost associated with compressng or dilating of the layers.

D isthe dastic constant for diredor twist or molecular tilt in the layer and u is the layer
displacement field. With B =C,q2[y[*,D = C.qcly| the dastic part of equation (5.1)
reduces to equation (5.5). From eguation (5.5) we can define two lengths A, = /K, /D

andA, =,/K,/D, correspondng to the penetration depths of twist and bend

deformations respedively. In smectic liquid crystals the Ginzburg parameter for twist

deformation k, = A, /&, where € is the smectic order parameter coherence length. If
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K, <1//2, the smedtic resists twist deformation urtil a aiticd value of the stress at
which it meltsinto atwisted nematic. Such smedic liquid crystals are dassfied as type-I.

In type-Il smectics «, >1/ V2 , the twist deformation can penetrate into the smectic in

the form of screw dislocations when the stressis increased beyond a criticd value. Thus
screw dislocaions are the liquid crystalline analogue of the magnetic flux tubes in a
supercondtctor.

In case of metals the magnetic field is applied from outside whereas the twist
deformation in liquid crystals can be generated intrinsicdly ether by making the
moleaules chira or by dopng chiral materias in the smedic phase. The term in the Gibbs

free aergy which favors moleaular twist is given by
F.=-h J’d3x(ﬁ.D x f), (5.6)

where the magnitude of potential h depends on the degree of moleaular chirality. A
schematic representation of h-T, phase diagram is siownin Fig.(5.2).
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Figure 5.2 Phase diagram in the h-T plane. (a) type-l smectics: a first-order transition
from the N* (cholesteric) to the SmA phase & the aiticd field he. (b) type-ll smedics: a
secnd ader transition from the SmA to the TGB phase & the lower criticd field hg; and
aseond ader transition from the TGB to N* phase at the upper criticd field he, (adapted
fromref. [5]).

The TGBA phase was first observed in some highly chiral liquid crystals. Later
several authors also reported observations of TGB phases in mixtures of some dira and
norchira compounds. The TGB phase with SmC-like blocks (TGB¢) has aso been
experimentally characterised [6]. The discovery of a new phase cdl ed the unduated twist
grain boundry smectic-C' (UTGB¢ ) phase was reported in a mixture of a chiral



compound 4- (2-methyl butyl) phenyl 4 —n—octylbiphenyl — 4 - carboxylate (CE8) and
anorchiral compound 2- cyano 4 —heptylphenyl 4 — pentyl 4 - biphenyl carboxylate
(7(CN)5) from our laboratory by Pramod et a [7]. Severa physicd studies have been
made to charaderise this new liquid crystaline phase [8]. Part of the phase diagram is
reproduced in Fig.(5.3).

140

Tem perature (OC)
B P

3 8 3

1 1 1

D
o
|

Wt % of 7(CN)5

Figure 5.3 Part of the phase diagram containing the TGB phases in binary mixtures of
CE8 and MCN)5 (adapted from ref.[7]).

It is noticed from the phase diagram that the temperature range of TGBa phase
increases with the cncentration d the nonchiral compoundand above 34 wt% of the
|atter the UTGB: phese is also induced. The CE8 sample obtained from Merck does not
by itself exhibit TGBA phase, even though recently Wilson et a. [9] have reported that in
ahighly purified sample it shows the TGBA phase with arange of ~0.5°C. However this
is not expeded to change the main fedures of the phase diagram. With deaeasing chira
strength the increase in the temperature range of TGBA phase and also the induction d
UTGB: phese is unexpeded. Apart from having a sufficiently large dhiral strength the
material must have atype-Il charader to exhibit TGB phases [2]. To understand the
unusual trend in the phase diagram, we crried ou several experimental investigations on
a few mixtures of the @&ove mmpound. We report the following new experimental
results.
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(1) opticd reflectivity measurements in the dhdesteric phase to confirm that the
chira strength of the medium deaeases as the cncentration d the nonchiral
compoundis increased

(i)  eledroclinic measurements in the SmA phase to demonstrate that the tilt elastic
constant deaeases rapidly with concentration d the nonchiral compound,thus
enhancing the type-11 charader of the mixture

(i)  anirreversible transition from TGBA phase to SmA phase under the action d a
low frequency electric field and

(iv) occurrence of a new type of periodic radial structure in the meniscus region of
free standing films. It is suggested that this dructure arises from the type-ll
character of the material.

We will first discussthe theoreticd badkground d the dedroclinic efed.

5.2 Electroclinic Effect

Meyer and coworkers discovered in 1975that SmC liquid crystals made of chiral
moleaules are ferroelectric [10]. Subsequently many aspects of the ferroeledric
phenomena have been studied. A phenomenon related to ferroeledricity is the
eledroclinic fed inherent in SmA liquid crystals consisting of chiral molecules.

The symmetry elements of an adira SmC phase ae a two-fold axis C,
perpendicular to the diredor and lying in the plane of the smedic layers, a mirror plane

norma to the two-fold rotation axis and consequently an inversion center i (Fig.(5.4)).
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Figure 5.4 Symmetry elements in the SmC phase.
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When the SmC liquid crystal is compaosed of chiral molecules, the mirror plane and thus
the inversion center no longer exist and the remaining two-fold axis permits the existence
of apermanent electric polarisation perall e to the C; axis.

Meyer also argued that a similar symmetry argument leads to an eectroclinic
effect in the SmA phase composed of chiral moleaule [11]. An applied eledric field E
paralel to the smedic layers coupes to the transverse comporent of the moleaular

permanent eledric dipole (p). The free rotations of the molecules are hindered abou

—

their long axes snce p is parale to the gplied field. The system has two-fold axis
along the dedric field asthe apdar diredor is orthogonal to p . The plane containing the
layer normal and p isamirror plane in the norchiral phase. But in the chiral system, the
mirror symmetry of this plane no longer exists. A moleaular tilt then can be induced with
resped to the layer normal in the orthogonal plane. The dectric field induced tilt in the
SmA phase composed of chiral moleaules is known as the dectroclinic effect. There ae
severa reports on eectroclinic measurements [11-13]. The temperature variation o
eledroclinic ooefficient can be discussed conveniently using the Landau theory for SmA
to SMC’ phase transition undr the adion o an eedric field.

In order to oktain the field-induced tilt angle in the SmA phase, we write the free
energy expresson which includes the dectric field. The Landau free eergy considering

6 asthe order parameter [14] is given by
1 1
f=—a06”+=p6" 5.
> 4B (5.7)
wherea =a(T-T,.), >0, a>0 for asecond ader phase transition. Tac isthe SmA

to SmC’ transition temperature. The mntribution to the free @ergy due to the externally
applied eledric field can be written as

— P.E = —kEf cosp (5.8
where k is denoted as tilt paarisation couding constant which is the dipole moment per

unit volume for unit tilt angle and @ is the angle between the direction o eledric field
(E) andthe pdarisation (P). ¢ istaken to be zero as the induced polarisationis parall e

to the goplied field. Using equations (5.7) and (5.8) the free eergy can be written as

1 1
f =—af8?+=£B6*-KkEf . 5.9
0=5 4B (5.9
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In the SmA phase (T >Tac ) as the field indwced tilt angle 6 is small, then the 6% -term
can be negleaed in comparison with the field-term. Thus equation (5.9) can be written as

f :%a&? _KES. (5.10
Minimising f,with resped to 8 we get
a aT-T,.)

It isnoticed that for small field theinduced tilt angle 8 islinealy propationa to the
applied eledric field. The dedroclinic coefficient isdefined as e=6/ E . From equation
(5.11 we get

k

e:a(T——TAC*) (513

5.3 Experimental

The experimental studies are condwted on bnary mixtures consisting of the
chiral compound 4- ( 2 - methyl butyl) phenyl 4 - n - octylbiphenyl - 4 - carboxylate
(CE8) made by BDH and a norchiral compound 2- cyano 4 - heptylphenyl 4’ - pentyl
4- biphenyl carboxylate (7(CN)5) obtained from Merck.

0
| *
CH;

CES8
i
CN
7(CN)5

Figure 5.5 Moleaular structure of the two compounds used in the experiments.
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CEB8 ischiral due the presence of the asymmetricdly substituted carbonatom. It has the
foll owing phase sequence @ a function o temperature (in °C): Cr-67- Sml” -70-SmC’ -
80.5 SmA -136.5 N" -1388- BP2- 1397- BP1- 1405- |, where BP stands for the blue
phases. 7(CN)5 has the phase sequence Cr-45.5N-102.G1. The measurements of
birefringence and deledric constants of the compound {CN)5 have been reported in
chapter—II1 and chapter—V respectively.
The mixtures are prepared by weighing precise anourts of the individual compounds

in glasscups. The mixtures are heaed to the isotropic phase and kept in that phase for a
few minutes and stirred with a glassrod to get a uniform concentration. The cells are
filled in the isotropic phase and cooled slowly (0.05°C/minute) to oktain uriform planar
alignment of the molecules in the mesophese.

The dedroclinic measurements are made using a standard technique with an
A.C. signd at afrequency of 417 Hz and amplitude of 5 vdts. The schematic diagram
of the experimental setupis shown in Fig.(5.6). The temperature of the cell i s controlled
by a hotstage (INSTEC HS1) to an accuracy of ~10mK. For the opticd and
eledroclinic measurements, the sample is sandwiched between two ITO coated glass
plates sparated by spacers of ~5um thickness The plates are pretreaed with pdyimide
and rubbed to get homogeneous alignment of the moleaules in the mesophese &
described in  chapter-1. The thicknessof the cell is measured by using interferometric
technique & described in chapter-l1. The lock-in amplifier (LIA), (model PAR, 5302
suppies the sinusoidal voltage to the cell. A laser (He-Ne, A=632.81m) beam is passd
through a paariser and made to be incident on the sample. The transmitted beam is
passed through an analyser, which is crossed with respect to the polariser. A phaodiode
(PD1, model Centronics OSD-5) is used to measure the transmitted opticd intensity.
The stability of the laser intensity is monitored by another phaodiode (PD2). A
multimeter (MUL, model HP 3457A) measures the output voltages of the reference
phaodode. The whoe eperiment is controlled by a mputer using a suitable
program.

The transmitted intensity of light beam through a uniaxial medium between two

crossed pdariserswhose optic aisis orthogonal to the propagation drectionis given by



134

_sinf 2

I, (1- cosng) (5.13

where { isthe azimutha angle between the optic axis and the plane of pdarisation d

the incident light and A¢ is the phase difference If the difference between the D.C.
signals measured at :% radians and a zero azimuthal angle is |,, using
equation (5.13 we get,

ly = %(1—COSA¢). (5.19
When an A.C. eledric field is applied to the cdl the induced tilt angle dso oscill ates at
the same frequency of the gplied field (Fig.(5.6)). The oscill atory comporent of the
transmitted intensity is given by

|, =sin4Z (1- cosAd ) . (5.15

In the geometry of the experiment { = % and 8¢ =0, which isthe induced tilt angle.

Hence
|, =(@l-cosng)g. (5.16
ﬁl PD1
A Analizer
\‘: /I COM
E I | [
Cell A

T Polarizer

Figure 5.6. Schematic diagram of the eperimental setup for the dedroclinic
measurement. Lock-in amplifier (LIA). Multimeter (MUL), Phatodiodes (PD1, PD2).
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Using equations (5.14 and (5.16 we get 6 =1,/4l,. The measured eledroclinic
coefficient is given by

e=0/E,=1,/4l,E,. (5.17
where Ey is the anplitude of the gplied eledric field.

54 Resultsand Discussion

5.4.1 Héelical Pitch in the Cholesteric Phase

The pitch in the chdlesteric phase is measured at normal incidence using an Ocean
Optics gedrometer (S2000 in the refledion mode. A block diagram of the relevant
experimental setup is down in Fig.(1.18) of chapter-l. The pitch values have been
measured in a few mixtures as functions of temperature. A typicd optica reflectivity
spedrum is own in Fig.(5.7). We natice the oscillations at the two sides of the

reflection band which arise from the finite thicknessof the sample[15)].

22% of 7(CN)5
temp =99.4°C
thickness: 5.1 um
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Figure 5.7: A typicd reflection spedrum from cholesteric phase. The oscill ations arise

from the finite thicknessof the sample[15].

In Fig.(5.8) the variations of the maximum of the refledion bend (A,) are shown
as functions of temperature for a few mixtures. We notice that A, increases as the

temperature is lowered in the cholesteric phase and it increases rappidly as the dholesteric
to TGBA transitiontemperature (T, g, ) 1S @pproaced.
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Figure 5.8 Variations of the maximum of the refledion band (A,) as functions of

temperature for different concentration o 7(CN)5 in the mixtures. Continuous lines are

drawn as guides to the eye.

The wavelength of the maximum of the reflection kand, A, = nP where n isthe average

refradive index with a value =1.5 for all the mixtures and P is the pitch o the helix.

In Fig.(5.9), VP isplottedat (i) 4°C below the isotropicto cholesteric
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Figure 5.9 Variation d 1/P with mole fradion o 7(CN)5. The @ntinuows lines are

drawn as guides to the eye.



temperature (T, —4°) and (ii) 5 OC above the TGB, to chalesteric transition temperature
(Trep,—cn +5°) respectively. In bah the caes 1/P, which is a measure of the diral

strength, deaeases with increasing concentration d 7(CN)5, as expeded. We @muld nd
observe the reflection band in the TGBA phase due to the limited wavelength range
(~1200nm) of the Ocean Optic spectrometer (model S2000.

5.4.2 Eledroclinic Measurements

We have measured the dedroclinic coefficient of a few mixtures as a function
of temperature in the SmA phase. The same cdl in which the pitch is measured is used

for electroclinic measurements. The variation o a typical electroclinic signal (1, ) in

the SmA phaseis siown in Fig.(5.10.
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Figure 5.10 Variation d a typical eledroclinic signa of the mixture of 15% wt of
7(CN)5. Cell thickness5um, applied vdtage Vo= 5V.

The cdculated e ectroclinic coefficients for two mixtures are shown in Fig.(5.11) andin
Fig.(5.12 as functions of temperature. A nonlinea least squares fitting procedure is
used to fit the dedroclinic coefficient with the inverse of (T-Tac*) to get the ratio of the
tilt elastic constant and the tilt-polarisation couding constant i.e. (a/k) (see euation
(5.13). Using k = 10“ C/n? typical for the low polarisation material [10], ‘@ is plotted
as afunction d concentration o 7(CN) 5 in Fig.(5.13. The Landau coefficient ‘a’ is
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propationa to the tilt elastic constant D. It is noticed from Fig.(5.12 that ‘a’ and

hence D deaesse more than 4 times as the mole fraction d 7(CN)5 is increased
fromO to 0.24.This means that «, (=A,/& ,where A, =,/K, /D) roughly douldes in

thisrange and increases further for the concentrationat whichthe UTGBc* phaseis

4+ Weight fraction of
7(CN)5 20%

e(10°rad m/V)

0 10 20 30 40
T-T

AC’

Figure 5.11 Variation d the dedroclinic coefficient with temperature for the mixture
with 20 wt% of 7(CN)5. Circles. experimental data. Cortinuous line is a fit to the

functional formof e=k/a(T -T ).
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Figure 5.12 Variation d the dedroclinic coefficient with temperature for the mixture
with 25wt % of 7(CN)5. Circles: experimental data. Continuots line is a fit to the

functional formof e=k/a(T -T ).



induced. The ehancement of the type-ll charader accourts for the increased

temperature range of TGB4 phase with the wncentration o 7(CN)5 (see Fig.(5.3).
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Figure 5.13 The Landau coefficient ‘a’ propational to the tilt elastic constant D shown

asafunction d mole fradion of 7(CN)5. The continuots lineis aguide to the eye.

5.4.3 Effed of a Strong Eledric Field on the TGB, Phase
We studied the influence of alow frequency eledric field aong the helix axis of

the TGBA phase on its texture. In the lower temperature part of the TGBa phase the
mixtures with 20wt% and 25vt% of 7(CN)5 show an irrevesible TGB, to SmA
transition undx the adion d alarge (~10V /um) low frequency (10Hz) field. A similar
effect was reported by Shao et al [16]. The dange of texture is srown in Fig.(5.13. The
Joule heaing of the system due to the gplication d field would have led to a transition
to the chdesteric phase & it occurs above the temperature range of TGBA phase. The
origin o the field induced urwinding of the TGBa helix in these systems is not yet
understood. On the other hand, it is interesting that in the mixtures exhibiting the
UTGBc* phase, areversible transition to SmC* phase is observed under alow frequency
field (50Hz ; 13V/um).
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Figure 5.14 Field induced transition from the TGBa phase (bright region) into the SmA
phase in the mixture with 25wt% of 7(CN)5 at 108.5°C. Crossed pdarisers (x 500).

5.4.4 Freestanding Films

We have studied freely suspended films of mixtures, which exhibit the TGBa
and UTGBc* phases. The liquid crystalli ne films are suspended acrossa hole drill ed in
a glassplate. The observations reported here are made on mixtures having abou 36wt
% of 7(CN)5. At atemperature mrrespondng to the occurrence of the TGBA phase the
structure is unwound in the centra flat part of the film. The homeotropicdly aligned
smedic layers appeared dark between crossed polarisers. Threedistinct regions could be
distinguished in the meniscus region. In the thicker part of the meniscus, close to the
periphery of the hale, filaments which are dharaderistic of the TGBa liquid crystal
subjeded to hameotropic boundary condtions, could be observed (Fig.(5.19). The
diredor rotates by 11 radians aaoss the filament, whose width is P/2, where P is the
pitch o the TGB helix. The filaments are oriented paral el to the elge of the hde. The
width is nealy independent of the locd thickness Some filaments sharply turn by 90°
nea the thinnest part in which they are seen and extend along the radia diredion
(Fig.(5.15). A new type of periodic structure is e in the intermediate thickness
region d the meniscus and is found to consist of alternate bright and dark stripes
between crossed poarisers (seeFig.(5.19). The radia stripes (RS) have alow contrast

in comparison to the filaments, which are very bright even when ariented along the
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radial direction. On rotation d the crossed padlarisers, the width of the dark region of the

RS deaeases when the polariser axisis at 45° to the radial diredion.

@ (b)

Figure 5.15 (a) (Left) Meniscus region d the free standing film of the mixture with 36
Wt% of 7(CN)5 in the TGBa phase & 59.8°C. Crossed pdarisers (x 400). The central
flat part is at the right extreme, the radia structure is sen in the centra part of the
meniscus and the filaments are in the thickest part of the meniscus. (b) Sample in the
UTGBc: phese & 57.4°C. Note the unddation o the filaments.

Careful observations show that the bright stripes do nd have auniform intensity
aong their length bu are marked by narrow bands of lower intensity, which are
orthogonal to the radial direction. The average spatial periodicity of the radial stripes
increases with film thickness which is brought abou by the introduction d edge
dislocaions (Fig.(5.15). The thinnest part of the meniscus region appears completely
dark between crossed pdarisers. The @ntrast of RS becomes lower as the thickness of
the meniscus region is decreased. It is nat clear whether the spatial periodicity of the
radial structure in the thinnest part istoo small to be resolved by the microscope.

When the sample is codled into the UTGB¢ phese the filaments in the thicker
part of the meniscus are unddated (Fig.(5.15) as expeded [7]. The periodic RS structure

in the intermediate region havever remains intact.
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Somewhat similar regularly spaced radial domains have been observed in the
meniscus region d thin freestanding films of a nonchira SmC sample [17]. This has
been attributed to surface polarisation, which gives rise to a periodic splay deformation
of the C-diredor. When such a sample is rotated between crossed pdarisers the relative
positions of the bright and dark domains can be expeded to depend onthe orientation o
the polariser axis with resped to the radial direction. In the TGBA sample studied by us
there isno moleaular tilt i n the layers. Further, the pasitions of the bright and dark stripes
of the periodic structure do nd shift under a rotation o crossed pdarisers. The origin of
the RS observed by us, canna be the one described above.

Recent observations with a wnfocal microscope, onafree-standing film of the same
TGB sample used by us have shown evidence for the occurrence of edge dislocations
with large Burgers vedors in the smectic layers of the meniscus region [18]. The spadng
between the dislocations deaeases towards the thicker part of the meniscus. The sharp
bands orthogonal to the radial diredion d the stripes that we described earlier appear to
correspond to these edge dislocations. Recent studies on the meniscus region d free-
standing films of type-I smedic liquid crystals (like dkyl cyanohkphenyls) have shown
that the alge disocaions have Burgers vedors equal to single layer spacing in the
thinnest region whil e larger Burgers vedors occur in the thicker parts. The latter go over
to rows of focal conics [19]. On the other hand studies on swollen lamellar phases in a
lyotropic system taken between a slide and a wnwvex lens have shown that the Burgers
vedors of edge disocaions are large, and increasse from ten to thirty as the sample
thicknessisincreased [20]. Our type-l1 system appears to be similar to the latter system.

A possble arangement of smectic layers in the meniscus region d our system is
shown in Fig.(5.16). As the surfacetension d smedic layersis = 30 dyne/ cm [1§], we
exped that the layers near the surface have asmooth profile. The occurrence of edge
dislocations with large Burgers vectors then leads to regions with a large tensile strain
(Fig.(5.16).

It is known that beyond atensil e strain = 210A;/d, where A; is the splay penetration
length given by V(Ki/B), K; being the splay elastic constant and B the cmpresson

constant of the layersandd the layer spacing, the layers can unduateto fill space[1]. In
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the intermediate thickness region, such an instability can generate the RS seen in the

experiments. The periodicity of the structure would depend onthe locd thickness[1] as

sea in the experiment. The unduation instability is usually metastable and givesrise to

tensile strain

»

—

compressive strain

N

Figure 5.16 Schematic diagram of the arangement of smedic layers in the meniscus
region. The unddation d the layers is expeded to take placein the region with tensile
strain, along a direction perpendicular to the plane of the paper, in which the locd

thicknessis constant.

other structures over a period d time [1]. On the other hand, the RS structure is indeed
stable and is better formed if the sample temperature is held constant for several hous. A
detail ed theoretical analysisto understand this new feature is desirable.

We have dso made observations on an gpen drop d the liquid crystal taken ona
glass plate treaed for homeotropic dignment. The drop has a flattened hemisphericd
shape. Asin the freestanding film there was a decrease in thicknesson moving towards
the alge of the drop. The periodic radial structure was obtained in this case dso with its

spadng decreasing towards the periphery of the drop.
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5.5 Conclusions

We have demonstrated that the type-Il charader is enhanced in the mixtures
studied by us by increasing the cncentration d the nonchiral comporent, which in turn
enlarges the temperature range of TGB phases. We have dso foundan unwsual radia
stripe texture in an intermediate thicknessregion d the meniscus in freestanding films
of the type-1l material. We argue that these ae generated by an unddation instabili ty of
the smedic layers in the regions of high tensile strain associated with edge dislocaions
with large Burgers vedors. Though the swollen lamellar phase dso exhibits edge
dislocaions with large Burgers vectors, the orthogonal periodic stripes have naot been
reported in that case. Our system has a decidedly type-1l character and the RS structure
appeasto be asciated with this feaure.
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