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Introduction

Liquid crystals represent states of matter in which the degree of molecular order
is intermediate between the crystalline solid and the amorphous liquid.!*? These
statesarestrongly anisotropicin somecdf their propertieslikeacrystal, and at the
same time exhibit somefluid properties as wdl. Transition to these states can be
brought about either by the effect of temperature or by theinfluence of solvents.
The former isreferred to as thermotropic mesomorphisrn and thelatter lyotropic
mesomorphism. In general, molecules exhibiting liquid crystalline phases are
rod-like, but disc-shaped molecules®are also found to show liquid crystallinity.
This thesis deals only with thermotropic .liquid crystals composed of rod-like

molecules.
1.1 Classification of thermotropic liquid crystals

Thermotropic mesophases are broadly classified into three types: nematic,

cholesteric and smectic.

1.1.1 Nematic

Thenematic (N) phase has a high degree o long-rangeorientational order but no
long range translational order (seefigure 1.1a). The moleculesare spontaneously
oriented with their long axes paralel to some preferred direction referred to as
the director, denoted by a unit vector n. The preferred direction usually varies
from point to point in the medium, but a uniformly aligned specimen isoptically
uniaxial, positive and strongly birefringent (Biaxial nematic phases have been

discovered only very recently.)  The director n is apolar, i.e.,, +n and — 7
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(b)

Figure 1.1: Schematic representation o the molecular arrangement in

(@) nematic & (b) cholesteric phase. 7 denotes the director.
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are equivalent.

1.1.2 Cholesteric

The cholesteric mesophase, exhibited by materials composed of optically active
molecules, is essentially a nematic except that its structure has spontaneous
twist about an axis normal to the director (Figure 1.1b). The spiral arrange-
ment of the moleculesin the cholesteric phaseis responsible for its unique optical
properties like selective reflexion of circularly polarized light, very high optical
rotatory power etc. Certain compounds showing the cholesteric phase also show
additional phases called the blue phases. These phases exist over a small tem-

perature range (~ 1°C) between the cholesteric phase and theisotropic liquid.®

1.1.3 Srnectic

Smectic liquid crystals have a stratified (layered) structure but a variety of

phases are possible with different inter- and intra-molecular correlations.

In the sirnplest case, smectic A phase (Sm A), the molecules are upright in
each layer with their centres irregularly spaced in a liquid-like fashion (see fig-
ure 1.2).

The srnectic A phase is best described as an orientatiorially ordered fluid on
which issuperposed a one-dimensional density wave along the optic axis, namely
the layer normal.%~8 This one-dimensional mass density wave can be expressed

as

p(r) = po [L+ Re ([plei®+9)] (1.1)
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(a) (b)

Figure 1.2: Molecular arrangement in the smectic A phase. (b) A realistic
distribution of molecules in the smectic A phase. The arrows indicate the crests
of the density wave. From R.Schaetzing and J.D.Litster, Advances in Liquid
Crystals, 4, Ed. G.H.Brown (Academic Press, 1979), p.147. 7 denotes the

director.
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Figure 1.3: Molecular arrangement in the smectic C phase.
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Here, p, is the average density, ¢, = 2n/d whered isthelayer thickness, ¢ isthe
phase factor fixing the position of the layers, || is the amplitude of the density

wave which is a measure of the strength of the srnectic order.

Smectic C (Sm C) isthetilted form of SmA, i.e., themoleculesaretilted with
respect to thelayer normal (seefigure 1.3). Arrangement of the molecules within
a layer is liquid-like as in Sm-A. The direction of the wave vector of the mass
density waveis at an angle with respect to the layer normal. If the molecules
are optically active then they form chiral smectic C or Sm C* phase. Due to
the presence of chirality the azimuthal angle of the tilted molecules precesses
from one layer to another giving rise to a helicoidal structure (Figure 1.4). The

resulting structure shows ferroelectric properties.®

Smectic C phase s described by a two component complex order parameter,'®
© = Bel+, where, 8 isthetilt angleand 4 is the azimuthal angle. Since ¢ can be

chosen arbitrarily, 8 is taken as the order parameter of the Sm C phase.

For along time it was believed that only one type of smectic A phase exists,
viz., the monolayer Sm A phase in which the layer spacing d ~ [, the length
of the molecule. However with the synthesis of molecules having strong polar
end groups several types of smectic A phases have been observed, referred to as
partially bilayer Sm A4, bilayer Sm A, and monolayer Sm A; depending on the
extent: of interdigitation of the molecules in the neighbouring layers.! These
phascs are identified on the basis of the X-ray diffraction patterns exliibitcd by
monodomain samples. (Themolecular arrangement and the characteristic X-ray

diffraction pattern of different smectic A phases are described in chapter 4). The
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Figure 1.4: Molecular arrangement in the smectic C* phase.
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correspondirig tilted modifications are referred to as Sm Cy, Sm C; and Sm C,
phases respectively.

Depending on the molecular arrangements within the layer and the extent
of inter-layer correlations smectic mesophasesare further classified into different
types.1? Over a dozen smectic modifications have been identified. Some of them
(smectic B, smectic G, smectic J etc.,) have three-dimensional long range order
asin acrystal, though with weak interlayer interactions, whileothers referred to
as hexatic phases (hexatic B (hex B), smectic F (Sm F), smectic | (Sm ) etc.),
possess three-dimensional long-range bond orientational order, but without any
long-range positional order. (Bond orientational order (BOO) arises due to

correlations in the orientation of the centres of neighbouring molecules).

1.1.4 Sequence of transitions

When a compound exhibits both nematic and smectic phases, then generally
the nematic phase occurs at a higher temperature. Exceptions to this were
discovered by Cladis®® in certain strongly polar materials. Thefirst observations
wereon a binary mixture d two cyano compounds: over a range of composition
the sequence dof transitions on cooling was as follows:

isotropict N — SmA — Np — crysta

where N stands for the usua higher temperature nematic and Ng for a second
nematic, caled the re-entrant nematic which appears at a lower temperature.

Later, a similar effect was observed in pure compounds at elevated pressures'*

as wdl as at atmospheric pressure.!®
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1.1.5 Nature of the phase transitions

Transition between these different mesophasescan beeither first order or second
order. The change in thestructure of the system when it passes through a phase
transition is described quantitatively by the order parameter. It is defined in
such a way that it takes a non-zero value in the ordered (or unsymmetrical)
phase and zero in the disordered (or symmetrical) phase. For e.g., sponta
neous polarisation is the order parameter for paraelectric-ferroelectric transi-
tion, magnetisation in the case of paramagnetic-ferromagnetic transition. A
first order transition is characterised by the order parameter changing discon-
tinuously, whereas across a second order transition it varies continuously from
zero. Another interesting point is that a second order phase transition involves
a change in symmetry between the two phases. This necessitates the condition
that the symmetry of one phase is higher than that o the other. In other words,
the higher symmetry phase has dl symmetry elements of the lower symmetry
phase, together with additional elements. Whereas in a phase transition o the
first kind the change in symmetry of the body issubject to no such restrictions.

Consequently the symmetries of the two phases could be unrelated or even same.

This thesis deals mainly with experimental studies across specia types of
points viz., critical point, tricritical point. In some cases a first order phase
transition ends at a critical point beyond which there is no transition with one
phase evolving continuously into another when parameters like temperature,
concentration etc are varied. This situation is realised when the symmetry

of the two phases involved arc identical, as for e.g., in a gasliquid type of
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transition or in a paramagnetic-ferromagnetic transition in the presence of a
nonzero applied field. A tricritical point isa point at which a second order phase
transition crosses over to a first order one. Tricritical points have been found
in He3-He* mixtures,'® metamagnets,'” ammonium halides,® ferroelectrics!® etc.
Idcritical situations where afirst order phase boundary ends up at a critical point
followed by a continuous evolution region or crosses-over to a second order one
with a concomitant tricritical point arerealised in transitions involving different
mesophases, some of which are described in this thesis. The overall contents of

the six chapters are summarised in the following sections.

1.2 Phase diagram exhibiting smectic A - smectic C -
smectic F meeting point

Since the proposal o dislocation-mediated melting in two dimensions by Koster-
litz and Thouless?® there has been considerable activity in this ficld. Extending
this two stage melting theory toliquid crystals, Birgeneau and Litster?! predicted
a stacked hexatic phase, the existence of which was experimentally confirmed by
Pindak et al.?2? This phase referred to as hexatic B (hex B) exhibits long range
bond orientational order (BOO) as in solids but short range positional order
like a liquid. Smectic F (Sm F) and smectic | (Sm 1) are tilted forms of hex
B.1% Theoretically?*~25 a number of topologies for the phase diagram involving
different hexatic phases have been worked out. Experimentally,?® however, only
a few have been studied. But no phase diagram with Sm A, Sm C and tilted
hexatic phases have been studied so far. Chapter 2 presents optical and X-ray

diffraction studies on a binary liquid crystalline system which led to the first
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observation of a Sin A-Sni C-Sm [' meeting point. Detailed description of the

X-ray diffraction set up used is also given in this chapter.

High precision layer spacing measurements carried out on several mixtures
showed that al the three phase boundaries, namely, Sm A-Sm C, Sm C-Sm F
and Sm A-Sm F are first order near the Sm A-Sm C-Sm F meeting point.
Hence the Sm A-Sm C-Sm F meeting point, a meeting point of three first order
phase boundaries, is a triple point. An interesting offshoot of this featureis the
observation of tricritical point on the Sm A-Sm C phase boundary. The Sm A-
Sm C transition is first order for concentrations close to the Sm A-Sm C-Sm F
meeting point. Whereas from earlier studies the Sm A-Sm C phase transition
is known to' become first order only when the range of Sm A phase is small?’
and/or the strength of the transverse dipole moment of the constituent molecule
is large,?® neither of these two factors seem to play a rolein the present system.
One possible reason for this could be the influence of the tilt fied arising from

the coupling between the BOO and the molecular tilt order parameter.

1.3 Effect of the smectic |* phase temperature range on
the nature of the tilted fluid to hexatic transition

Owing to the existence of tilt, Sm C phase has induced BOO?* albeit of small
amplitude. Thus Sm C and Sm | (or Sm F) phases have identical symmetry.
Consequently Sm C should transform to Sm | (Sm F) either through a first or-
der phase transition or evolve continuously from one phase to another without
a phase transition. This situation is similar to a gasliquid transition or the

paramagnetic-ferromagnetic transition in the presence of nonzero applied field.
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It is very well known that in these cases, the first order phase boundary termi-
nates at a critical point followed by a continuous evolution region. But such a
critical point lias not been seen in Srn C-tilted hexatic (Sm F or Sm |) systems.
Chapter 3 discusses experiments carried out to search for a Sm C-Sm | critical
point. Layer spacing measurements in the vicinity of Sm C-Sm | transition have
been done on a number of compounds, three of them belonging to the same
homologous series. Results showed that in these compounds for smaller ranges
of the Sm | phase, Sm C phase evolves continuously into the Sm | phase. With
increase in the temperature rangeof Sm | phase, both the total variation in layer
spacing (Ad) and the strength of the variation Ad/ AT increases. Extrapolating
the results of the three homologues, it appears that with further increase in the
temperature range o Sm | phase, a critical point is likely to be reached followed
by a region o first order phase transition. Measurements on other compounds
indicate that the presence of a second hexatic phasei.e., St IF phase below the
Sm | phase also influences the nature of the transition. Thus the temperature
range of the Sm | (or hexatic) phase plays an important role in deciding the na-
ture of Sm C-Sm | transition. A comparison between this scenario and a similar

one proposed by Aharony et al.,?® is also discussed.
1.4 Studieson smectic A - smectic A phase boundaries

Materials with strong polar end groups exhibit several types of smectic A phases
with different periodicities, viz., Sm A; and Sm A,, in addition to the monolayer
srnectic A (Sm A;) phase which is also seen in non-polar molecules.”” The occur-

renceof these polymorphic formsof smectic A phasesis successfully explained by



Introduction 9

the phenomenological model proposed by Prost and coworkers.?® They used this
model within the framework of mean field theory to work out various theoreti-
ca phase diagrams.® One of the important predictions of these phase diagrams
is the termination of the first order Sm A;-Sm A, phase boundary at a critical
point. The fact that Sm Ay and Sm A, have identical symmetry does not dlow a
second order transition between these phases. The first observation of a Sm Ag4-
Sm A, critical point wasin a binary liquid crystalline system (110PCBOB and
90BCB) employing high resolution X-ray technique.3!

Since the constituent molecules are polar and the extent of interdigitation of
molecules in the neighbouring layers vary from one phase to another, one can
expect the changes to be reflected in the dielectric measurements also. Earlier
studies on materials having different smectic A phases have shown this to be
true.3? Chapter 4 presents high precision dielectric measurementsin the vicinity
of Sm A4-Sm A, critical point in the same binary system (asin Ref. 31). Results
show that at thetransition both ¢; and e, the dielectric constants parallel and
perpendicular to the director, as well asthe dielectric anisotropy Ae(= ¢ — €y)
exhibit sharp variation for a first order transition but a smoother change in the
continuous evolution region. Detailed analysis of the data for several mixtures

has enabled precise identification of the critical point.

Similar to the Sm A;-Sm A, transition the Sm Az-Sm A, transition can be
either first order or of continuous evolution type without a phase transition.33~34
In this case the theory®! predicts two different situations. The first order Sm Ag-

Sm A, phase boundary can end either at a critical point similar to the Sm A,-
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Sm A, critical point or at a nematic island. Despite having the same syrnmetry,
a transformation between Srn A; and Srn A, phases can be either first order
or second order: the latter is possible due to the exact doubling of the layer
periodicity. 2303336 However, theoretical studies of Park et al.,3 showed the
possibility of a continuous path between Sm A; and Sm A, phases. The second
part of Chapter 4 demonstrates the existence of such a continuous thermody-
namic path between Sm A; and Sm A, phases. X-ray and optical studies show
that this path, observed in the temperature-concentration plane of a binary lig-
uid crystalline system, follows a continuous evolution from Sm A; to Sm A; via
Sm A4 phase, thereby establishing that the global symmetry of Sm Ay, Sm A4

and Sm A, are the same.

15 High precision density studies near the smectic A -
nematic tricritical point

The N-Sm A transition is one of the most widely studied transitions in liquid
crystals. It involves the development of a one dimensional density modulation
in an orientationally ordered fluid. Transition between these two can be either
first order or second order with a tricritical point separating the two regions.
It is very wdl established that for a sufficiently large temperature range of the
nematic phase, the nematic order is saturated and the transition is second order.
When the nematic temperature range is reduced, the coupling between nematic
arid smectic A order parameter increases arid drives the second order N-Sm A
transition to first order. McMillan’ using a mean field theory predicted that a

tricritical point should occur when r = Ty, /Tn; = 0.87, where, T4 and Tyy
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correspond to the N-Sm A and N-isotropic transition temperatures respectively.
Earlier experiments3”~%° have shown that a crossover from second to first order
occurs at r ~ 0.99, a vaue much higher than theoretically predicted value
of 0.87.

The measurement of density isa fundamental property in understanding the
phase behaviour, and the continuity or discontinuity of the transition. Chapter 5
presents high precision density measurements (with a precision of 5x10~3g/cm?)
near the N-Sm A transition. Measurements were made using an Anton Paar in-
strurnent consisting of a microcell (DMA 602MH) and a processing unit (DMA
60). The principle of determining density involves measuring the period of os
cillation of a hollow glass tuning fork filled with the sample to be studied. The
compounds used werc 9CB and its mixtures of different concentrations with the
higher hornologue 10CB, X=0.04, 0.2 and 0.3 where X is the mole fraction of
10CB in the mixture. 9CB has a small temperature range of the nematic phase
viz., 2°C. This nematic range decreases on increasing X arid finally it ceases to
exist for X>0.35. The results show that the thermal variation of the density (p)
shows a dow decrease within the phase and changes abruptly at the transition.
Although the variation of pacrossSm A-N transition shows a concentration de-
pendence, it was not significant enough to locate the tricritical point accurately.
In order to achieve this, the critical part o density variation (Sp) was fitted to

a power-law38-3%41 of the form
|60] = lp — pol = Axlt]'~* (1.2)

wheret = (T'—=T'yn)/T'an and p, isthevaued pat I'an, o istheexponent equal
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to the heat capacity exponent.?? |t was observed that equation 1.2 describes the
datavery wdl for 9CB and X=0.04 suggesting that the nature of the transition is
second order. The observed exponents are a = 0.43+0.01 for 9CB with r=0.994
and a = 0.5+0.01 for X=0.04 with r=0.995. For X=0.2 and 0.3 with much
smaller range of nematic phase, the data showed a clear deviation from the
power law indicating that the transition is first order®3® in these two mixtures.
Thusthe N-Sm A transition isfirst order for X=0.2 and second order for X=0.04
with a=0.5, a tricritical value.!*3 Thus we conclude that X=0.04 isat or in the
immediate vicinity of a tricritical point with r = 0.995, in excellent agreement

with studies carried out using other probes.37-38

16 An experimental study of smectic A - smectic C
transitions in monolayer, partially bilayer and bi-
layer systems

From symmetry considerations the transition between Sm A- Sm C can beeither
first order or second order. de Gennes!® described the Sm A- Sm C transition us-
ing a two component complex order parameter and proposed that it may belong
tothe 3D XY universality class. Subscquent studies™" showed that tlie transition
is mean-field like with a large sixth order term in the Landau freeenergy expan-
sion. The presence o the sixth order term implies that the transition is always
close to a mean-field tricritical point. Further, it is known that the tricritical
influence is controlled by the temperature range o the smectic A phase?” and/or

by the strength of the transverse dipole moment of the constituent molecule.?®

Recent heat capacity measurements of Garland et al*® have shown that for



Introduction 13

two compounds exhibiting bilayer Sm A,-Sm C; transition the behaviour is sim-
ple mean-field like, i.e., the contribution of the sixth order term is negligible. In
the light of this it was felt that it would be interesting to see whether such a
behaviour can be observed for materials exhibiting partially bilayer and mono-
layer phases also. Chapter 6 describes systematic order parameter (tilt angle)
measurements in the vicinity of Sm A;-Sm C;, Sm A4-Sm C; and Sm A,-Sm C,
transitions. Thermal variation of layer spacing d has been measured in both
Sm A and Sm C phases. The tilt angle 6 in the Sm C phase was calculated
using the expression 8 = cos™!(d¢/d4), where d¢ and dy4 are the layer spacing
values in the Sm C and Sm A phases respectively. The temperature dependent
tilt angle has been fitted to an extended mean-field model which incorporates
a sixth order term in the Landau free energy expression. The analysis gives a
remarkably high value of t,; t, = 1.5 x 1072, 9.45 x 10~2 and 1.57 x 107! in
compounds having bilayer, partially bilaycr and monolayer transitions respec-
tively. t, has been considered as an al important parameter in characterising the
Sm A-Sm C transition. It defines the temperature range upto which mean field
behaviour can be seen. Large t, observed in all the three cases the suggests neg-
ligible contribution from the 6th order term (i.e., asimple mean field behaviour).
Data analysis shows that this is indeed true in al the three compounds. An-
other interesting feature is the observation of simple mean-field behaviour in a
compound with a very small temperature range of smectic A phase (~ 3°C). In
view of these studies R more general scenario can be predicted. [f the material
possesses bilayer phases then simple mean field behaviour can be observed for

a small temperature of the Sm A phase while in the case of partially bilayer
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Sm A4-Sm C; and monolayer Sm A;-Sm C; transitions, the range has to be

large to observe such a behaviour.

17 High pressure studies on materials exhibiting fluid
to hexatic phase transitions in liquid crystals

High pressure studies on liquid crystals have enabled the study of arich variety
of phases and phase transition in liquid crystal systems. Some of the important
results of these studies are pressure-induced mesomorphism, the appearance of
re-entrant phases, observations of multicritical points etc., in single component
systems.%® But high pressure studies on systems involving the hexatic phase are
very few (Rel. 47, 48 and G.G.Nair et al., of Ref. 26). Chapter 7 presents
measurements performed with a view to investigating the effect of pressure on
materials exhibiting fluid (Sm A, Sm C) to hexatic (Sm I, Sm F etc) phase

transitions. An optical high pressure cell*® was used for the experiments.

Results showed that Sm A and hex B phases are stable at high pressure
in a compound with isotropic-Sm A-hex B phase sequence. With a tilted fluid-
hexatic sequence at room pressure, thefluid (Sm C*) phaseis seen to be unstable
at high pressure. The increase in the stability of Sm A and Sm I* phases and
the decrease in the stability of Sm C* phase at high pressure appears to lead to

aSm A-Sm C*-Sm |* meeting point.

Pressure induced mesomorphism has been observed in a compound with
Sm A-Sm F-Cry G sequenceat 1 bar. Aninduced phase(‘X’-yet to beidentified

smectic phase) is seen beyond a pressure o 0.6 kbar between Sm F and Cry G
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phases. With further increase in pressure Sm A and X phases were seen to be
unstable leading to two triple points, viz., Sm A-Sm F-X and isotropic-Sm A-X.
In an other compound with Sm A-Sm C-Sm F phase sequence the destabilisation
of the Sm C phase at high pressure appears to lead to a Sm A-Sm C-Sm F
meeting point.

These studiesindicate that the type of bridging group in the molecular struc-
ture plays arole in the relative stability of different phases. In particular the
Sm A and hexatic phases are observed to be more stable in materials with an
ester linkage group in agreement with earlier experiments of Cladis et al.,*"~18
whereas Sm A phase is unstable at high pressure in compounds with schiff base

linkage group e.g., in 90.4, 50.6%° and 40.8.4

The results described in this thesis have been published in the fol-

lowing papers.

1. Phase diagram exhibiting a smectic A-smectic C- smectic F meeting point
(in collaboration with V.N.Raja and S.Krishna Prasad), Phys.Rev. A 46,
726, (1992).

2. Effect of the I* phase temperature range on the nature of tilted fluid
to hexatic trarisition (in collaboration with V.N.Raja, S.Krishna Prasad,

J.W.Goodby and M.E.Neubert), Ferroelectrics, 121, 235 (1991).
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R.Shashidhar), Phys.Rev. A 46, 6166 (1992).

5. High precisiondensity studies near the smectic A - nematic tricritical point
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(in press)

7. High pressure studies of materials exhibiting fluid to hexatic phase transi-
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and S.Chandrasekhar), Proceedings d 13th AIRAPT International Con-
ference on High Pressure Sciences and Technology, Bangalore, Ed. A. K.
Singh (Oxford and IBH Publishing Company) p 520 (1992).



Introduction 17

Other publications

1. Temperature range d the smectic A phase and its effect on the smectic A
- smectic C transition (in collaboration with S.Krishna Prasad, V:N.Raja,
Geetha G.Nair and M.E.Neubert), Phys.Rev. A 42, 2479 (1990).

2. Experimental studiesin the vicinity o the C*-I* transition (in collabora
tion with V.N.Raja, S.Krishna Prasad and S.M.Khened), Ferroelectrics,
121, 343 (1991).

3. Comparativestudy d aferroelectric monomer and its copolymer (in collab-
oration with S.M.Khened, S.Krishna Prasad, V.N.Raja, S.Chandrasekhar,
J.Naciri and R.Shashidhar), Presented at the 14th International Liquid

Crystal Conference, PisnJune 1992. (Paper under preparation).

4. Ferroelectric liquid crystals exhibited by compounds containing a lateral
hydroxy substituent (in collaboration with B.Shivkumar, B.K.Sadashiva,
Uma Shivkumar and S.Krishna Prasad), Presented at the 14th Interna-
tional Liquid Crystal Conference, Pisa June 1992. (Paper under prepa
ration).

5. Ferroelectric liquid crystalline polymerswith large pyroelectric coefficients
for infrared detectors (in collaboration with J.Ruth, B.R.Ratna, J.Nacini,
R.Shashidhar, S.Krishna Prasad and S.Chandrasekhar), Presented at the
SPIE Conference on Liquid Crystal Materials, Devices and Large
Screen Displays, San Jose February 1-3, 1993.



I ntroduction 18
Refer ences

[1] S.Chandrasekhar, Liquid Crystals, Cambridge University Press, 1992.

[2] P.G.de Gennes The Physics d Liquid Crystals, Clarendon Press, Ox-
ford, 1974.

[3] S.Chandrasekhar, B.K.Sadashiva and K.A.Suresh, Pramana, 9,471 (1977);
S.Chandrasekhar and G.S.Ranganath, Reports on Prog.in Phys., 53,
57 (1990).

[4] S.Chandrasekhar, B.K.Sadashiva, B.R.Ratna and V.N.Raja, Pramana
J.Phys., 30, L-491 (1988); S.Chandrasckhar, B.R.Ratna, B.K.Sadashiva
and V.N.Raja, Mol.Cryst.Liq.Cryst.,, 165, 123 (1988); K.Praefcke,
B.Kohne, D.Singer, D.Demus, G.Pelzl and S.Diele, Liquid Crystals, 7,
589 (1990).

[5] P.P.Crooker and H.S.Kitzerow, Condensed Matter News, 1, 6 (1992).
[6] K.K.Kobayashi, Phys. Lett. 31A, 125 (1970).

[7] W.L.McMillan, Phys. Rev. A 4, 1238 (1971).

[8] P.G.de Gennes, Solid State Commun., 10, 753 (1972).

[9] R.B.Meyer, L.Liebert, L.Strzelecki and P.Keller, J.Phys.(Paris) 36, 69
(1975).

[10] P.G.de Gennes, Mal.Cryst.Liq.Cryst., 21, 49 (1973).



Introduction 19

[11] For a review on smectic A polymorphism see F.Hardouin, A.M.Levelut,
M.F.Achard and G.Sigaud, J.Chim.Phys., 80, 53 (1983); J.Prost, Advances
in Physics, 33, 1 (1984).

[12] S.Chandrasekhar, Contemp Phys., 29, 527 (1988); P.S.Pershan, Sructure
d Liquid Crystal Phases, World Scienfic Lecture Series, Singapore (1988);
G.W.Goodby and J.W.Gray, Smectic Liquid Crystals- Textures and Struc-
tures, Leonard Hill, 1984.

[13] P.E.Cladis, Phys.Rev.Lett., 35, 48 (1975).

[14] P.E.Cladis, R.K.Bogardus, W.B.Daniels and G.N.Taylor, Phys.Rev.Lett.,
39, 720 (1977).

[15] N.V.Madhusudhana, B.K.Sadashiva, K.P.L.Moodithaya, Curr.Sci., 48,
613 (1979); F.Hardouin, G.Sigaud, M.F.Achard, H.Gasparoux, Phys.Leit.,
71A, 347 (1979).

[16] E.H.Graf, D.M.Lee and J.D.Reppy, Phys.Rev.Lett., 19, 417 (1967).

[17] C.Vettier, H.L.Alberts and D.Bloch, Phys.Rev.Lett., 31, 144 (1973);
R.J.Birgeneau, G.Shirane, M.Blume and W.C.Koehler, Phys.Rev.Lett., 33,
1098 (1974).

[18] W.B.Yelon, D.E.Cox, P.J.Kortman and W.B.Daniels, Phys.Rev.
B9, 4843 (1974).



Introduction 20

[19] R.Clarke and L.Benguigi, J.Phys.C 10, 1963 (1977); P.S.Peercy,
Phys.Rev.Lett.,, 35, 1581 (1975); V.H.Schmidt, A.B.Western and
A.G.Baker, Phys. Rev.Lett., 37, 839 (1976).

[20] J.M.Kosterlitz and D.J.Thouless, J.Phys.C:Solid State Phys., 6, 1181
(1973); J.M.Kosterlitz, J.Phys.C:Solid State Phys., 7, 1046 (1974).

[21] R.J.Birgeneau and J.D.Litster, J.Phys.Lett.(Paris), 39, L399 (1978).

[22] R.Pindak, D.E.Moncton, S.C.Davey and J.W.Goodby, Phys.Rev.Lett., 46,
1135 (1981).

[23] A.Aharony, R.J.Birgeneau, J.D.Brock and J.D.Litster, Phys.Rev.Lett., 57,
1012 (1986).

[24] R.Bruinsma and D.R.Nelson, Phys.liev. B 23, 402 (1981); D.R.Nelson and
B.L.Halperin, Phys.Rev. B21, 5312 (1980).

[25] J.V.Selinger and D.R.Nelson, Phys.Rev.Lett., 61, 416 (1988); J.V.Selinger
and D.R.Nelson, Phys.Rev. A39, 3135 (1989).

[26] T. Pitchford, C. C. Huang, J. D. Budai, S. C. Davey, R. Pindak and J.
W. Goodby, Phys.Rev. A34, 2422 (1986); G.Nounesis, R.Geer, H.Y.Liu,
C.C.Huang and J.W.Goodby, Phys.Rev. A 40, 5468 (1989); Geetha G.
Nair, V.N.Raja, S.Krishna Prasad, S.Chandrasekhar and B.K.Sadashiva,
Proceedings o the XIII AIRAPT International Conference on High Pres-
sure Science and Technology, Bangalore, Ed. A.K.Singh, (OXFORD-IBH),
p 523 (1992).



I ntroduction 21

[27] S.Krishna Prasad, V.N.Raja, D.S Shankar Rao, Geetha G.Nair and
M.E.Neubert, Phys.Rev. A42, 2479 (1990).

(28] H.Y.Liu, C.C.Huang, T.Min, M.D.Wand, D.M. Walba, N.A.Clark, Ch.Bahr
and G.Heppke, Phys.Rev. A40, 6759 (1989).

[29] J.Prost, J.de.Phys., 40, 581 (1979); J.Prost and P.Barois, J.Chim.Phys.,
80, 65 (1983); J.Prost, Liquid Crystals of one and two dimensional order,
edited by W.Helfrich and G.Heppke (Springer-Verlag, Berlin, 1980, p125.

[30] P.Barois, J.Prost and T.C.Lubensky, J.de.Phys., 46, 391 (1985).

[31] R.Shashidhar, B.R.Ratna, S.Krishna Prasad, S.Somasekhar and G.Heppke,
Phys.Rev.Lett., 59, 1209 (1987).

[32] B.R.Ratna, C.Nagabushan, V.N.Raja, R.Shashidhar and S.Chandrasekhar,
Mol.Cryst.Liq.Cryst.,, 136, 245 (1986); N.R.Njeumo, J.P.Parneix,
C.Legrand, N.H.Tinh and C.Destrade, J.de.Phys., 47, 903 (1986);
C.N.Nagabushan, Experimental studies on the properties of liquid crystals,
Ph.D. Thesis, University o Mysore, 1988; S.Pfieffer, Polar liquid crystals:
Dielectric, X-ray and miscibility investigations on smectic phases, Ph.D.

Thesis, Technical University, Berlin, 1989.
[33] Y.Park, T.C.Lubensky, P.Barois and J.Prost, Phys.Rev., A37,2197 (1988).
[34] J.Prost and J.Toner, Phys.Rev., A 36, 5008 (1987).

[35] G.Sigaud, F.Hardouin, M.F.Achard and H.Gasparoux, J.Phys. (Paris) Col-
log. 40, C3-356 (1979).



Introduction 22

[36] K.K.Chan, P.S.Pershan, L.B.Sorensen and F.Hardouin, Phys.Rev.Lett., 54,
1694 (1985).

[37] J.Thoen, H.Marynissen and W.Van Dael, Phys.Rev.Lett., 52, 204 (1984).
[38] B.M.Ocko, R.J.Birgeneau and J.D.Litster, Z.Phys. B62, 487(1986).

[39] H.Marynissen, J.Thoen and W.Van Dael, Mol.Cryst.Lig.Cryst., 124, 195
(1985).

[40] D.Brisbin, R.DeHoff, T.E.Lockhart and D.L.Johnson, Phys.Rev.Lett.,
43, 1171 (1979); K.J.Stine and C.W.Garland, Phys.Rev. A 39, 3148
(1988); M.E.Huster, K.J.Stine and C.W.Garland, Phys.Rev. A 36,
2364 (1987); M.A.Anisimov, V.P.Vornov, A.O.Kulkov, V.N.Petuknov and
F.Kholmurodov, Mol.Cryst.Liq.Cryst., 150, 399 (1987).

[41] C.Rosenblatt and J.T.Ho, Phys.Rev. A26, 2293 (1982); C.W.Garland,
G.B.Kasting and K.J.Lushington, Phys.Rev.Lett. 43, 1420 (1979);
T.Pitchford, G.Nounesis, S.Dumrongrattana, J.M.Viner, C.C.Huang and
J.W.Goodby Phys.Rev. A32, 1938 (1985).

[42) A.Zywocinski, S.A.Wieczorek and J.Stecki, Phys.Rev. A36, 1901 (1987);
A.Zywocinski, S.A.Wieczorek, Phys.Rev. A 31, 479 (1985).

[43] M.Plischke and B.Bergersen, Equilibrium Statistical Physics, Prentice Hall
Advanced Reference Series, 1989.

[44] For a concise summary o theexperimental studies on SmA-SmC transition,

see J.D.Litster, Phil. Trans. Roy. Soc., A309, 145 (1983); also C.C.Huang,



Introduction 23

[45]

[46]

[47]

[48]

[49]

[50]

in "Theory and Applications of Liquid Crystals®, Eds. J.L.Eriksen and
D.Kinderlehrer, p.185 (Springer Verlag, 1987).

X.Wen, C.W.Garland and G.Heppke, Phys.Rev., A44, 5064 (1991),
Y.H.Jeong, K.J.Stine, C.W.Garland and N.H.Tinh, Phys.Rev.,A37,
3465 (1988).

For a review on high pressure studies of liquid crystals till 1978, see
S.Chandrasekhar and R.Shashidhar, Advances in liquid crystals, 4, 83
(1979); R.Shashidhar, B.R.Ratna and S.Krishna Prasad, PhysRev.Lett.,
53, 2141 (1984); R. Shashidhar, A. N. Kalkura and S. Chandrasekhar,
Mol. Cryst. Lig. Cryst. Lett., 82, 311 (1982); R. Shashidhar, S. Krishna
Prasad and S. Chandrasekhar, Mal. Cryst. Lig. Cryst., 103, 137 (1983).

P.E.Cladis and J.W.Goodby, Mol.Cryst.Liq.Cryst.Lett., 72, 307 (1982).

P.E.Cladis and J.W.Goodby, Mol.Cyst.Liq.Cryst.Lett., 72, 313 (1982);
P.E.Cladis, D.Guillon, J.Stamatoff, D.Aadsen, W.B.Daniels, M.E.Neubert
and R.F.Griflith, Mol.Cryst.Lig.Cryst.Lett., 49, 279 (1979); D.Guillon,
J.Stamatoff and P.E.Cladis, J.Chem.Phys., 76, 2056 (1982).

A.N.Kalkura, R.Shashidhar and N.Subramanya Raj Urs, J.Physique, 44, 51
(1983); S.Krishna Prasad, High pressure studies d liquid crystalline transi-
tions, Ph.D Thesis, University of Mysore, 1985.

It. Shashidhar, A. N. Kalkura, and S. Chandrasekhar, Mol. Cryst. Liq.
Cryst. Lett., 64, 101 (1980).



