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Introduction

Liquid crystals are a state of matter in which tteggrees of molecular order lie intermediate
between the ordered crystalline state and the cetelpl disordered isotropic liquid. The

combination of long range order as in crystals amability as in liquids gives rise to materials

with anisotropic physical properties such as bingince, viscosity and other properties not
associated with either crystals or liquids. Thedaunoles in the liquid crystal state have long-
range orientational order and partial positionaleor Thus, they have some properties of liquids
and have anisotropic properties of crystals likeefoihgence as mentioned earlier. The
discovery of the liquid crystalline state has bestributed to Reinitzer [1]. One of the

fundamental requirements for a substance to exlaibihesophase is geometrical or shape
anisotropy of the constituent molecules. Thernmtrdiquid crystals are obtained by the action

of heat and these may be further classified inteetbroad types and they are,

(1) Calamitic liquid crystals: which are formed hyd-like molecules
(i) Discotic liquid crystals: which are formed blysc-like molecules
(i)  Banana liquid crystals: which are formed by bansima@psed or bent-core (BC)

molecules.

The bent-core compounds are composed of a rigittatamit and two semi-rigid rods
with chains at the end. The symmetry of liquid taijlsne phases shown by these compounds is
sometimes broken as a result of simultaneous diréiit and polar order perpendicular to the
long molecular axis. Hence these liquid crystallphases exhibit chiral phases. A schematic
representation of side view, front view and badwwiof such a bent-shaped molecule is shown
in figure 1.1. Because of the intrinsic shape of the molecule rdtegtion of the molecule along

its long axis is hindered.

The first bent-core liquid crystalline materialsreesynthesized by Vorlandet al. [2] in
1932. However, the mesophases were not charaderiBent-shaped compounds can be
synthesized by introducing suitable groups inrtteaor ortho positions of a central phenyl ring.
For example, three bent-shaped compounds derived @atechol, resorcinol and isophthalic

acid whose structured.g, 1.b, andl.crespectively) are given below can be considerdoeas
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core compounds. The credit for the synthesis effiist compound with a non-linear molecular
shape and exhibiting mesomorphic properties has laden attributed to Vorlander aégbel.

They had named these molecules as "Bad Rods".
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Figure 1.1: A schematic representation of a bent-stped molecule (a) side view and

(b) front view and back view of Bent-shaped molecule.
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Later in 1991, Kuboshitat al [3] synthesized and studied the mesomorphic ptigseof
a series of 1,2-phenylene bis [44f4lkoxybenzylideneamino)benzoated].d) and also the
corresponding 3- and 4-methyl-1,2-phenylene comgsuiihe mesophases exhibited by these
compounds were characterized as nematic (N), smAc{EmA) and smectic B (SmB) on the
basis of microscopic observations, X-ray powdeffrattion measurements and miscibility
studies. In 1993, Matsuzaki and Matsunaga repg#the 2,3-naphthylene analogues and the
mesophases were identified as nematic and SmAth&de compounds have an acute-angle

configuration.

In 1994, Akutagawat al reported [5] the synthesis and mesomorphic ptigseof four
homologous series of compounds derived from resok¢l.€. The mesophases shown by these
compounds were identified as N and SmC. From XRRdiss, they argued that the tails are
nearly normal to the layers whereas the cores dted.t No electro-optical switching
measurements were carried out for these matermafdysbecause the mesophases obtained were

from compounds composed of achiral molecules.

However, a real breakthrough in bent-core liquigstals came in 1996, when Niai al

[6] reported ferroelectricity in a smectic phasenfed by an achiral banana-shaped compound

(1.9).
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The ferroelectricity in the mesophase of these aamgds was attributed to the,C
symmetry resulting from the packing of banana-stiapelecules into layers. Because of the
intrinsic shape, these molecules adopt dense paakitne layers and are all aligned in the bend
direction. Each layer has biaxiality that viz. ayér anisotropy exists and the refractive indices
are different in the bend direction and in the cimn normal to the y-axis (figuré.2). This
corresponds to aCsymmetry. There exists a two-fold axis along ysaand there are mirror
planes perpendicular to the x- and z-axes. Sineeetls no mirror plane perpendicular to the

two-fold axis, a polarization can be expected teeaalong the y-axis (bend direction).

z

-

Figure 1.2: A possible smectic structure formed byhe banana-shaped molecules (after
Nioriet al. [6]).

The layered structure of the higher temperatussetof compound.f was confirmed by
X-Ray diffraction studies. The switching current aserements employing a triangular-wave
electric field showed a single current peak per pakiod of the applied voltage indicating

ferroelectric nature of the mesophase.

In 1997, Sekineet al reported [7] a spontaneous helix formation ingheectic phase of
an achiral bent-core compouddj (n = 8). The origin of the helix (macroscopic chirglitvas
discussed in view of the twisted molecular confdiara (conformational chirality) and the
escape from macroscopic polarization.

In 1997 Linket al. [8] conducted several experiments using freely sndpd films of
compounddl..f andl.g They proved that the molecules tilt about theetayormal and hence the
earlier report of orthogonal molecular organizatsiould be excluded. Careful observations

using depolarized reflected light microscopy (DRLMYyealed that the mesophase of compound
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1.f should have the antiferroelectric ground state tduthe fact that only odd- or even-number
layers respond to the applied electric field coniing the alternation of polarity in successive
layers. They designated the mesophase as “Qim@MRere “SmC” stands for tilted smectic, “P”

represents polar and “A” stands for antiferroelectr

This beautiful demonstration attracted several axde groups around the world to
investigate the mesophases exhibited by such comisoAround the same time, Heppiteal
[9] and Weissfloget al [10] also observed the two polarization currezsis for each half cycle
in the electro-optical experiments for the mesopbhasg compounds.f andl.g, which supported

the existence of ground state antiferroelectricity.

In the meantime a large number of bent-core comg®umere synthesized and their
mesomorphic properties investigated. Interestingly, International Workshop on “Banana-
Shaped Liquid Crystals: Chirality by Achiral Moldes” was held in Berlin, in December 1996,
and it was suggested to use the general symbolfdBthe mesophases exhibited by banana-
shaped compounds, since they were not miscible ity of the known phases of
calamitic/discotic compounds. A total of seven @sawere identified initially and assigned the
symbol B B,...... B;. Another phase was discovered later which waggdated as B[11]. The
letter B signifies the shape of the constituentenoles, viz. banana, bow, etc. and the suffixes

indicate the sequence of discovery of the mesoghase

Considering the different possibilities for the kiag of the bent-shaped molecules,

Brandet al [12] predicted four classes of fluid biaxial pass

A transversely polarized non-tilted structure with symmetry (proposed by Nioet al. [6])

1. Atilted phase with a monoclinic chiral symnye@, ( B, phase proposed by Lirgk al [8])
2. An achiral layer structure with a monocliniarepetry G

3. Atriclinic configuration with chiral ©symmetry (Smég, where G stands for generalized

proposed by de Gennes [13])

A schematic representation of these possibiligeshown in figured.3.a, 1.3.b, 1.3.c

andl.3.drespectively.



Chapter 1 Introduction

In bent-core molecules, there exists a polaer, which results from the directed
organization of these molecules in the layers. Ssydtems with macroscopic polarization are
unstable and the molecules try to rearrange in awely that the net polarization of the system
becomes zero. Thus, in many of the mesophases dohyebent-core compounds, the phase
structure is determined by a strong desire to eséapmn macroscopic polarization. It has been

suggested [14, 15] that there are four ways todathos bulk polarization namely,

0] layer modulation: Band B phases
(i) antiferroelectric correlation of dipoles ingladjacent layers: Bhase
(i) helix formation: B, phase

(iv)  splay modulation: Btype phases

.
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Figure 1.3: Different possibilities of packing of lent-core molecules within the layers.

n:Smectic layer normal, m: moteilar plane normal, P: layer polarization; (a) n
is normal to both m and P; (k) is normal to P, but not to m; (c) nis
perpendicular to m, but not t®; (d) n is neither perpendicular to P nor to m
(after Jaklet al. [16]).
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In the following section, a brief description oktBtructures of the different mesophases
exhibited by bent-core compounds is presented.

B: mesophase

The B, phase can be regarded as a rectangular columase §&q). The first bent-core
compound 1.h) exhibiting a B phase was reported by Sekieeal[17] who designated the
mesophase as SrgAon the basis of XRD measurements made on the thasepof this
compound. Later, in 1998, Watanadiel [18] showed the existence of a two-dimensionBI)(2
rectangular lattice structure in the ghase, using microbeam X-ray diffraction of a naomain

sample.

CeHis O : Ne)

B, 143.6 B159.1 B 173.41[19]

B1 mesophase is commonly observed in BC compoundsshibrt terminal alkyl chains.
In a homologous series, this phase occurs betweendn-polar Bphase and the polar Bhase
on ascending the series. The Besophase develops as dendritic pattern, whiclesmato a
mosaic-like texture and sometimes the mesophasgssbpherulitic pattern, when the isotropic
liquid is cooled slowly. The Bto B, phase transition has been reported [19-25] innakfent-
core compounds. At this phase transition the tektehanges are minimal. The; Bo B
transition is rare and it has been observed onlemy few systems [26-29].

In the X-ray diffraction pattern of a;Bnesophase, two or more reflections are observed
in the small angle region in addition to a diffusele-angle reflection. One of the small angle
reflections corresponds to half the molecular lengthich indicates an intercalation in the
structure. The diffuse peak in the wide-angle aegndicates a liquid-like in-plane order. On
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the basis of this, Watanale¢ al [18] proposed a 2D modulated structure for thepBase as
shown in figurel.4. According to this model, the phase is built ofumns formed by layer
fragments. The molecules in layer fragments ar@arorgd in such a way that the polarization
direction in adjacent clusters is antiparallel. Tgadarization direction is perpendicular to the
column axis and the molecules are non-tilted. HEteck parametea provides an approximate
number of molecules in the lattice and the paranteterresponds to the length of the molecule.
The B, phase does not show any response to an appliettieléeld. This is because the
rotation of the molecules is restricted due to stexic hindrance arising from the interactions
between column boundaries. Generally in a homalsgeries, B B; and B phases appear in

that sequence on increasing the chain length [202Z].

N b<>>

Figure 1.4: A schematic representation of the frusated structure of B, mesophase.
(after Watanabet al. [18] ).

Variants of B; mesophase

Bedelet al.reported [30, 31] a two-dimensional phase witk@angular lattice, which is
different from the conventional ;Bphase. This phase was observed in a series ofaiordp,
which contain a fluoro substitueattho to the terminah-alkoxy chain. The XRD data obtained
for this mesophase could be indexed to a rectantpitece and the phase did not respond to an

applied electric field. However, miscibility stedi of this mesophase with the fhase of the
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unsubstituted compound showed a strong non-idelabvieur. Hence they designated the

mesophase as,BHowever, they have not proposed any structuréhfe mesophase.

Szydlowskaet al. reported [32] two new modulated phases, whicly thigially called as
Bx and B;. These phases are switchable under an elec#ld, fivhich is in contrast to the
commonly observed Bphase. On the basis of XRD studies and electtiealehaviour, they
suggested that, in the,Bhase, th@olarization direction is parallel to the columnsa&and the
density modulation is in the plane perpendiculath® polarization vector. Hence, they assigned
the symbol B, for the B phase and Revir for Bx: phase, which is the tilted analogue afeB
Pelzet al also reported [33] such phases in two new comg@uiBimilar columnar phases were
also reported by Reddst al [34].

Recently, Takanishet al [35] carried out microbeam X-ray diffraction massments on
the B phase of a prototype bent-core compounid in order to investigate the local layer
structure and intralayer molecular orientation.eiflesults indicate that, the molecular bending
plane is normal to the frustrated plane (parakelthe column axis) (figurd.5 and this is

different from the model proposed earlier for thepBase [18], but the same ag.Bohase.

Figure 1.5: Proposed structures of B Birev and Bireviir phases (after Takanishit al. [35]).

10
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B, mesophase

Among all the banana mesophases thenBsophase is the most commonly observed and
most extensively studied. This mesophase wasdirsérved in compourtdf by Niori etal. [6].
This mesophase is generally observed in bent-comgpounds with long terminal alkyl chains
and it exhibits a variety of textures. A fingergror fringe pattern, schlieren and focal-conic
textures are quite often observed. Sometimes cHwelains of opposite handedness are also
observed on slow cooling from the isotropic phdse B to isotropic phase transition enthalpy
value is in the range of 20-25 kJ MolThis is a less viscous and electro-optically ehable
mesophase and hence more attention has been paidérstand the basic structure of this

mesophase.

In this regard, Linket al [7] conducted several experiments such as caedédtro-
optical investigations on freely suspended filmsl @&rmnsparent electro-optic cells filled with
samples of compoundsf and1.g (n = 9). Their experimental results revealed thatapic axis
is tilted relative to the layer normal and the lagelarization is due to the steric packing of bent
core molecules in the layers along the bend doacfTheir observations of the mesophase also
suggest a strong biaxiality and ordering of molacyllanes normal to the tilt direction of the

optic axis.

On the basis of these results they considered tthgmct planes, a tilt plane, a polar
plane and a layer plane associated with a givesr|ag shown in figurg.6. If these three planes
are assumed to be three co-ordinates of a system,tihhe mirror image is non-superimposable.

Thus, the layer becomes chiral, although the ididiai molecules are achiral.

A pictorial representation of the layer chirality proposed by Heppke and Moro [37] is

shown in figurel.7.

The combination of polar order and tilt directiones the layer a chiral structure in the
SmCR phase. Depending on the tilt direction and pdisgction of the molecules in adjacent
layers, two ground state structures can be coreidemamely Sm@Pa (synclinic
antiferroelectric) and Sm@a (anticlinic antiferroelectric). The chirality dhe layers is the
same in SmE@P, and hence it represents a homochiral structureesisechirality alternates from

layer to layer in SmEP, resulting in a racemic structure. On applicatban electric field, a

11
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Figure 1.6: A pictorial representation of the geomey of a smectic layer in the B
(SMCP phase; z: layer normal, n: director of the bent-ore molecules, b:
polar direction, c: tilt direction of the molecules (after Linket al. [11]).
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Figure 1.7: A pictorial representation of origin of layer chirality from achiral molecules;
the layer normal, tilt directionand the polar axis define a coordinate system,

which forms non-superimposableimor images (after Heppke and Moro [37]).

12
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switching from antiferroelectric to ferroelectritate is observed. A schematic representation of
the molecular arrangements in the chiral and racestsites at zero electric field and after the

application of the field is shown in figude8 The switching process takes place by a collectiv

rotation of the molecules around a cone. This $wnig process reverses the polar direction as
well as tilt direction, but preserves the layeraliy. Thus the Sm, and Sm@GP. switch to

SMGP: (racemic) and SmEk (chiral) structures.
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Figure 1.8: A schematic representation of the arragement of BC molecules in racemic
and chiral states of an antifeoelectric mesophase and the corresponding field

induced ferroelectric states ftar Link et al. [7]) ; rac: racemic, * chiral.
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However, there are a few reports in which switchigween the antiferroelectric and
ferroelectric states take placea rotation around a long molecular axis, which resuh
inversion of layer chirality. This process is sewthan the motion around a cone and takes place
only if the faster switching around a cone is himedefor any reason. Therefore, this type of
switching is observed in undulated smectic pha38s1p] and in SmCRPphases with a small tilt

(< 20°) of the molecules and a large bend angle439

Variants of B, mesophase

Infact, there are a few reports of the existeoic8,-like phases, which show lamellar
XRD pattern and antiferroelectric behaviour undes field. Ereminet al reported [42] two
mesophases below & Bhase on cooling from the isotropic phase in apmmd containing a
CHzs group in the angular position of the central ramgl a fluorine atorartho to the each of the
terminal alkyl chains. The mesophases were degdnas B and B"'. Svobodaet al also
reported [43] two Blike phases, which were labelled ag &d B" in compounds derived from

1-cyanonaphthalene-2,7-diol. The detailed strectiithese mesophases are not yet established.

Bz mesophase

The B; phase always appears below hase and above a Phase [19]. On rapid
cooling from the B phase, no textural change could be observed iBjhmhase. However, on
slow cooling, a slight change in the form of brewkof domain is observed. The XRD pattern
of a powder sample shows a number of reflectionthérsmall angle as well as wide-angle
regions, which indicate a crystalline structuren {@e basis of the dielectric [44] and terahertz

spectroscopic results [45]zBhase is characterized as a higher-order smdudisep

B, mesophase

The B, phase is a crystalline phase and always appears/ [zeB phase or a Bphase.
The mesophase exhibits dark blue coloured domamuerucrossed polarizers. Hence, this

mesophase is also named as smectic blue phaset§l.7, However, domains of opposite

14
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brightness are observed on decrossing either petadr analyzer [46]. A circular dichroism
(CD) spectrum clearly shows domains with oppostese and this indicates that the domains are
chiral [47].

XRD pattern of a powdered sample shows severaatidins in the small angle as well as
in the wide-angle regions, suggesting a crystallirder. However, dielectric studies for a low-
frequency relaxation suggested that thepBase is not crystalline [44, 49]. A more intéres
feature of this phase is that it exhibits a secbadnonic generation (SHG) without external
fields indicating that the medium is spontaneoushyral. The atomic force microscope
experiments show that the phase has a helical smpetiure. Sekinet al [17] have proposed a
TGB-like structure for this phase. The X-ray milmeam experiments are consistent with the
proposed TGB-like structure. Usually, the Bhase is formed as a low temperature phase in
compounds exhibiting Bphase [49, 5Although B-B-transitions have also been observed [51].

Bs mesophase

This mesophase was first observed in a derivativ2-methylresorcinoll.i [27, 35].
Later this phase was observed in derivatives ofefagl- [42] and of 5-fluororesorcinol [52],

which contain a fluoro substitueoitho to the terminah-alkoxy chain on the both the arnisjj.

W

n=8 Cr 161 B 165 B 172 |
n=9 Cr 157 B 163 B 168 |
n=10Cr 153 B 158 B 167 |

CnH2n+lo OCnH2n+l

F

o O
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n=12 Cr 112 B 122.5 Ba 128 B 157 |
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Always, this mesophase was observed belgwnBsophase and has only a paramorphotic
texture. The transition fromBo Bs mesophase is first order. XRD studies on the plesse
show lamellar periodicity in the small angle regioklowever, in the wide-angle region some
additional reflections were observed. From anntei@ pattern, the reflections in the wide-angle
region have been indexed to a rectangular latb2e $3] and in-plane molecular packing in the
Bs phase was proposed [19, 53], as shown in figude This means that this mesophase has in-
plane periodicity within the layers and reflectiansthe wide-angle region can be indexed to a
centered rectangular lattice.s Bhase also shows an antiferroelectric switchirtgabiour like B
phase. Thus, the only difference betwegraBd B, mesophases is the presence of an additional
short-range order within smectic layers in theelatiase.

Side view Top view

Figure 1.9: A pictorial representation of in-planemolecular packing in the B phase.
(after Pelzlet al. [19]).

Variants of Bs mesophase

Nadasiet al [52] have reported five new variants of afhase in five-ring compounds
containing fluorine in the central as well as oupdenyl ringsortho to the n-alkoxy chain.
When a B mesophase was cooled from the isotropic phase, thserved four different
antiferroelectridBs sub-phases with a small change in the enthalpgdoh transition. They also
observed a transition from an antiferroelectric gghéo a ferroelectric mesophase. The exact
structures of these mesophases have not been detdrmround the same time Ereneh al

[42] also observed asBnesophase below g Bnd B sub-phases (Band B') and B mesophase

16
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subsequently transformed to ax Bnesophase. These compounds are derivatives of 2-

methylresorcinol containing a fluorine substituertho to then-alkoxy chain.
Bs mesophase

This mesophase was first observed [10] in compolikd This phase is generally
exhibited by compounds with short terminal chai@n slow cooling of the isotropic liquid, this
mesophase exhibits a fan-shaped texture simildéingcone which is normally seen for a SmA
phase. However, this phase cannot be aligned hoopszally. Hence the possibility of a
simple SmA phase like structure can be excluded. siearing the fan-shaped texture ofsa B
phase, sometimes a schlieren texture is obtaidettansition from B to B; phase is observed
[19-25] in some compounds.

V- rai s PI

Cr 134 B 142 B;148 1 [10]

CeH150

XRD pattern of a Bphase shows lamellar reflections in the small areggon along with

a diffuse wide-angle reflection. The first ordayér spacing in the small angle region is smaller
than half the calculated molecular length. Thiicgates an intercalated structure. Hence, this
mesophase has been designated as.3m G or SmG,.. An oriented pattern of this mesophase
indicates tilt of the molecules and the estimatidangle is about 20-30° [19]. Rouillogt al

[22] have carried out Monte-Carlo simulation stsdien the B mesophase and reported a
molecular model allowing the high and low poterstialn such a periodical structure, there exists
some vacant gaps which must be filled by the edpositive alkyl chain. Due to the constraint
in the packing of the aromatic cores, only shordics can fill up the voids. A schematic

representation of the molecular arrangement irBgghase is shown in figue10.

17
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Figure 1.10: A schematic representation of the arnagement of BC molecules in the
B phase (after Pelzkt al. [19]).

B, mesophase

TheB; phase was first observed [54] in a compound dériv@m 2-nitroresorcinol1(.]).
Later this phase was also observed in a numbeormmpounds derived from 2-cyanoresorcinol

[56-59]. There is also a report [60] of the obsgionn of this phase in compounds derived from

(0] (0]
(0] (0]
N NO, N
H 1.1 H \©\
OCgH,;

Crll6 B 1771

5-fluroresorcinol.

CgHy7 0

Among all the mesophases exhibited by BC compouthésB; phase shows the most
beautiful and fascinating textures such as thecélehuclei that appear on slow cooling the
isotropic liquid, resembling that of telephone sireJakliet al [61] showed that left and right-

handed helices occur in equal numbers and thesmvdikte domains consist of smectic

18
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filaments, which form single, double or triple ®il The other textural variants observed for the
B, phase include lancet-like or thread-like germssutar domains with equidistant concentric

rings, myelinic-like, checker-board-like and bandeeaf-like textures. It was considered that the
helical filaments are indicative of chirality [61].

However, Colemaret al [62] showed that polarization modulation is th&sential
element stabilizing the filament structure. Theginped out that the helical winding of
polarization modulation within the filament, withe helix sense established by the nucleation
event and remain fixed during growth provides aplaxation for the twist deformation of
filaments. Based on this they argue that helidahient formation neither relies on, nor is
indicative of supramolecular chirality. It hasalseen pointed [15] out that any layer instability
can induce helical filaments during the growth psx; even if the resulting phase is a
modulated, undulated, or even a simple smectic pies®. On the basis of these results they
proposed a polarization modulated/undulated layerctire associated with splay defects for

such a mesophase. The proposed model is showguirefi.11.
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Figure 1.11: The proposed model of a polarization odulated/undulated layer stripe
structure for the B7 phase of compound MHOBOW [62].
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Colemaret al also carried out experiments on the mesophasbitedcby compound..|,
in which the B phase was first observed. XRD studies indicateldigue 2D reciprocal lattice
for this mesophase. They propose a polarizationutatel and an interdigitated 2D lattice
structure for this mesophase, which is the latsicacture of the Bphase. The authors suggest
that in such a structure, the orientation frustratt the splay defect planes might be relieved by
interdigitation of the layers, which accommodatke bpposite orientation of the bent-core
molecules on opposite sides of the defect linesscAematic representation of the model
proposed for compountll [62] is shown in figurel.12.

Figure 5.2: The proposed model for the Bmesophase of compound 1.1 [62].

XRD pattern of Bmesophase shows several reflections in the smglié aagion besides
a wide-angle diffuse reflection. One characterifgiature of all the XRD patterns of Bhases
exhibited by compounds derived from 2-nitro-, 2+oyaand 5-fluoro-resorcinol is the presence
of a medium angle reflection at a distance corredpg to 7-8 A. Colemaet al [62] carried
out synchrotron X-ray studies on compouhdl On the basis of experimental results they
proposed an interdigitated 2D lattice for the mésge. It has been pointed out [15] that, the
distance corresponding to the medium angle refleas in a range of typical value of face-to-
face packed dimers and if such a face-to-face pgctakes place in the;Bohase, then the

medium angle reflection might correspond to sontkelobetween these dimers.

Earlier reports [54] indicate that, no electro-ogtiswitching could be observed in a B

phase at least upto 40pm™. However, in 2003 a transition from a non-switdkaB; phase to
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two antiferroelectric sub-phasesB; and Bar2) in higher homologues of nitro-substituted
compounds has been reported [60]. Also, in comgsuwterived from 5-fluororesorcinol, a
transition from an antiferroelectric SmgPhase to a ferroelectrically switchable ghase has
been observed [61]. So far, these two represemhpbes of a switchable;Bhase obtained from

compounds with a substituted central phenyl unit.
Variants of B; phase

There are a number of compounds the mesophasesidi exhibit spiral flaments and
other textural variants, on slow cooling of thetispic liquid. These mesophases have also been
designated asB31, 64-68] despite the fact that their XRD patteane different from that of the
original B; phase [54]. These mesophases exhibit layer teftecin the small angle region and
a few of them show satellites of weak intensitiekibd layer reflections [66, 67] that indicate a
modulation. Importantly, the medium angle reflentis absent in the XRD pattern of these
mesophases. Colemanal [62] carried out several experiments on the mieasg exhibited by
compound MHOBOW [66], which shows ferroelectric &weristics. They proposed a
polarization modulated/undulated layer stripe dtmeestabilized by splay of polarization for this
phase, but assigned the symbel BRecently, it has been suggested [15] to useyh#ol B’
for these mesophases, which exhibit the textunahnts of B phase and their XRD patterns are

different from classical Bpohase [54].

Bs mesophase

Bedel et al reported [11] a few BC compounds derived frompigbalic acid and
containing terminaln-alkanoate groups. In a homologue with= 10 @.m), for the higher
temperature phase (§nthey observed a bilayer structure and an anbiébectric behaviour.
The textures exhibited by this phase are also réiffiefrom those observed for other B-phases.
Since this mesophase has a new structure, therawghggested the symboj.BLater [38], the
phases Spand Smwere characterized as Sgx (polar SmC phase, subscripts s and A refer to
synclinic and antiferroelectric) and Sp@Pa (subscript 2 refers to bilayer structure made of
SmGs layers, G stands for general). Perhaps this isitsteand only report on thegBhase thus

far.
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Ferroelectric mesophases in bent-core compounds

Ferroelectric mesophases are thermodynamically fagburable in banana-shaped
compounds. This is because, ferroelectric strectar such compounds involves anticlinic
interlayer interfaces, in which the out-of-layendluations are suppressed and thus carries an
entropic penalty (figurel.13.9 [52]. The penetration of the layers is favoueail an AF
arrangement of the molecules (figdrd3.h and hence AF phases are preferable. Thus im orde
to obtain ferroelectric switching materials theibadea is to stabilize the anticlinic interlayer

interfaces within this type of organization.

Femnoslectic Anfiferoslectic

WK
B O

Figure 1.13: The molecular organization in FE and A& phases in bent-core molecules
(after Nadagt al. [52])

The first approach to obtain a FE switching matenias made by Walbat al [66].

They synthesized an unsymmetrical compound withitalcterminal chain, the same as used for
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chiral rod-like materials showing SmCphase (chiral anticlinic SmC) at one end. The
mesophase exhibited by this compound is charaetktz have a polarization modulation, which
leads to undulated layer structure [62]. Howewsder a high electric field, the polarization
modulation defects get eliminated which in turn o®es the undulation resulting in a

ferroelectric switching (Smr) structure.

Bedelet al reported [30] ferroelectric-switching behavioar & mesophase exhibited by
compounds which contain two fluoro substitueottho to each of the two terminaid-alkoxy
chains. There are a few more reports [31, 34,682,70], which also describe ferroelectric
switching and in these compounds also, two fluatmsituentortho to each of the two terminal

n-alkoxy chains are incorporated.

In a few cases where ferroelectric switching in B&@npounds has been reported, the
molecules contain branched (chiral) alkyl chainsl,[772], achiral oligosiloxane [73],

oligocarbosilane terminal chains [74] or terminadlkyl carboxylate groups [11, 38].

Structure property relationships in bent-core mesogns

The bent-core compounds can be represented byltbeihg general structural formula.
Substitution by small groups

Linking groups (Position, volume, number)
Polarity, direction, -
(Polarity, direction Number of rings (5-7)

flexibility ) \ /@
P
o o

Central ring
(bending angle)
Terminal groupsr(-alkoxy/ n-alkyl/ n-alkanoates)

Lateral substituents
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The bent-core compounds synthesized, characterizeshd reported so far can be
categorized as having

i) different central rings

i) different linking groups

iii) differentn-alkoxy /n-alkyl chain lengths

iv) various polar lateral substituents

Most of the BC compounds reported up to now contizee phenyl rings [15, 19, 75].
However, bent-core compounds containing three T7§, four [78], six [31] and seven [15, 31,
75] phenyl rings have also been reported. On irsingathe number of phenyl rings, the thermal
range of the mesophases as well as the clearingetatares also increase. In most cases, the
central unit is a resorcinol, derivatives of resoot isophthalic acid, 5-methoxyisophthalic acid,
2,7-dihydroxynaphthalene and 3disubstituted biphenyl moiety. Generally, banphases are
obtained only when the bend angle is between 11@%40°. This can be greatly influenced by

nature of the chemical structure of the central and lateral substituents on the central unit.

Generally, Schiff's base (azomethine, <€NH/ -N=CH-) and ester (-OCO-/-COO-) units
are used as linking groups. In addition, azeNIN ethylene (-&C-), acetylene (-€C-) have
also been used. Often, compounds containing Schifse linkage group show rich

polymorphism when compared with other systems.

n-Alkyl or n-alkyloxy chains are used as terminal groups intnodshe bent-shaped
mesogens. However, there are a couple of repontghich terminal carbon-hydrogen chain is
linked by sulfur [64], carbonyl or carboxylic groaifil1, 38]. Perfluoroalkyl fragments are used
as terminal chains in some cases [26, 76], in whistrong increase in the transition temperature
is observed.

Influence of lateral substituents

The influence of lateral substituents on the meases of bent-core compounds were
studied extensively. Generally, fluoro, chlordyydt methyl, cyano, nitro and trifluoro lateral
substituents [15, 19, 23, 79-81] have been usddhas$ been found that the mesomorphic
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behaviour is greatly influenced by the positiorsobstitution, as well as by the size and polarity
of the substituents. Generally lateral substitsier@duce the melting as well as clearing
temperatures. A substitution on the central phemg can alter the bend angle. Also, polar
lateral substituents can change the electron dedsstribution around the core leading to a
change in the mesomorphic behaviour. Suitabletgutisn on the outer phenyl ring of the bent-
core has also a significant effect on the mesomoipdhaviour. A detailed account of the effect
of different lateral substituents in the middle a@edminal ring on the mesomorphic properties

are described in Chapte3saand7 of this thesis.

Mesogenic dimers

Mesogenic dimers contain two mesogenic units caedegy a flexible spacer. The first
mesogenic dimer made of rod-like units was repof8] by Vorlander long ago. Although
there are a large number of mesogenic dimers maaé tod-like units as well as a few made up
of disc-like units [83], only a few examples areotum in which a bent-shaped unit is used [84,

85].

The first liquid crystalline dimers composed of twanana-shaped mesogenic units
connected by a dimethysiloxane uritr) were reported by Dantlgrabet al [86]. In these
dimers, either FE or AF switchable polar smectipliases were observed depending on the

number of flexible dimethylsiloxane units.

G £ H}

CrabhsO O(CHg - S| /L@
@W SI"'CI-b /@.)L J\@

OY ‘/‘/ —(CH:,)”O

1.n
n=1: Cr 64 SmCP 132 |
n=2: Cr92 SmCR 132 |

OCHy
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Later, Kosateet al reported [87] symmetric dimers where several {oené mesogenic
units are terminally linked with different flexiblgpacers, such as a siloxane, a tetraethylene
glycol and an alkylene spacer. They did not obsemwy mesophase when a flexible alkylene
spacer was used. Simultaneously, the first pglansetric mesogenic dimers composed of bent-
core molecules and linked by an alkylene spacereweported by Umadewt al. [88] by
reversing the ester linking groups between theéiihnngs. The mesophase of these dimers has

been designated as a Bk phase.

The design and synthesis of new type of dimers hickvthe individual monomers are
connected at the apex positions via flexible alkglespacers are described here in chdpter

These types of dimers are apolar as the polarithetiipolar groups cancel with each other.
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