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liquid crystals sre n state of arder between crystals and liquids. They have imperfect
long-range orientational and / or positicnal orders, | Thus, they can be Muid like a liquid and can
have ansotropic properties like crystals. The liquid crystals have a predominating orientational
arder, They ‘j”j"’-"‘ﬁ“ rheological behaviour similar 1o those of liquids and anisotropie physical
properties similar 1o those of crystalline solids in the same thermodynamically stable phase

History of Liquid Crystals;

The study of liquid erystals began in | BXE when an Austrian botanist (1] named Friedrich
Reinitzer observed that chloesteryl benzoate had two distinet melting points, first melting ot
145.5 °C to give & coloured cloudy fluid which, on further heating changes into a clear,
wansparent liquid at 178.5 °C. The phenomencn is reversible. Decause of this early work.
Reinitzer is often credited with discovering a new phase of matter - the liquid crystal phasc.
however, Oto Lehman (2] was the first 10 make 3 systematic study of such substances and
proposed the name *Liquid Crystals’ for such compounds,

Daniel Vorlander [3] in 1908 was able to establish o rule that liguid crvstalline
compounds must have a molecular stmpe as linear as pirssible. In 1906, he had detecied the
phenomenon of liquid crystalline polymesomorphism ie. a given compound exhibits more (han
one liquid crystalline phases,

G.Friedel [4] for the first time gave rational explanation for the piciures observed under
the palarizing microscope and concluded from his observations on the structure of three phases
us follows. :

8) Nematic phase normally exhibited threaded texture.
b} Smectic phase [H!'-ll'tll.'}.'_ﬂ.thi'h'rhd focal conic fan shaprd texture.
¢) Cholesteric phase exhibited foeal-conic or plane texture with vivid colours.

Onsagar [5] tried w explain this state of matter based on model of long stiff rods,
pointing at the dominant role of repulsive forces, while Maier and Saupe (6] indicated the
importance of the dispersion forces in the liquid crystalline state,



S. Chandrasekhar [7] in 1977, for the first time, could show that not only rod-hke
molecules, but compounds, with disc-shape molecules are also able to form liquid crystals of
different phase structures.

Liquid crystallinity since then has been observed in different classes of
compounds such as fullerenes, calixarenes, metallomesopens, dendrimers, banana shape

molecules, ele

What are Liquid Crystals?

2, |, The distinguishing characteristic of the liquid crystalline state is the tendency of the
malecules (mesogens) 1o point along a common axis, called the director. This is in contrast to
molecules in the liquid phase, which have no intrinsic order. In the solid state, molecules ure
highly ordered and have little translational freedom. The characteristic orientational order of the
liquid crystal stale is between the traditional solid and liquid phases and this is the origin of the

term mesogenic state, used synonymously with liquid crysial state. A
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Solid Liquid Crystal Liquid
Figure-1  Molecular arrangement in solid, liquid crystal and liquid

It is sometimes difficult to determine whether a material is in a crystal or liquid crystal
state. The crystalline materials demonstrate long-range periodic order in three dimensions By
definition, an isotropic liquid has no orientational order, The substances that are not as ordered as
a solid, yet have some degree of alignment are properiy called liquid crystals,






Liguid crystalline Compounds may cither be exclusively smectic ar nematic or iy
exhibit smectic and  nematic o smectic  and  cholesteric  phases.  They may  exhibut
polymesophases, There may be different types of one phase. This phenomenon is known s

polymurphism wnd is commonly observed for smectic mesophase. .
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Nematic mesophases:

Ihe nematic liquid erystal phase is characterized by molecules that have no positional
order but tend 1o point in the same direction (nlong the director), The following diagram shows

that the molecules point vertically but are arranged with no particular order

A schamate mpmsentation of
the nemutse phase (left) and &
photo of & nemate bpod crpstal
[ahove]

Photo coursegr L. Mary Newbart LT ESTS
Figure-2

Under the polarizing microscope, the nematic phase is seen as a threaded schlieren
texture and hence the name (*Nema' meaning thread like). The optical effect of the nematic
threads have been studied by Zocher and Birstein [8]. In the nematic phase the molecules have
rotational freedom around the long molecular axis, the effective molecular shape is not flat, but
may be better described by a rotating cylinder.

The nematic phases, because of the high mobility, have low viscosities very similar to
those of isotropic liquids. Nematic liquid crystals are anisotropic with respect 1o the optical
properties, viscosity, electrical and magnetic susceptibility, electrical and thermal conductivity.
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In smectic- A I“"—'."-'-']'l'll'l.'l.'-ul.'_ the director 1 perpendicular 1o the sméchic plane and there |

it p_trtn.ulnr positional order in i1he i:l}l.'l The smectic B II|I'--II["|"|.I'-I.' oreniy with the drrectorn

perpendicular 1o the smectic plane, but the molecules are arranged into a network of hexagons

within the laver. In Smeclic € mesophase, molecules are .]IT;ll'II;"L'il- as in the smectic A mesophise

but the director is al a constant til angle measured normally to the smectic plane
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Figure -3  Different Textures of Smectic Phases
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- 6 A schematic representation of 5 smectic C* phase (left), and a view of the same phase, but

the axis (right).
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As in the nematic, the smectic C mesophase has a chiral state designated C*, consistent
wimlttﬁnmﬁtfphlt,lhndimﬁurmlkﬂntillmgh with respect to the smectic layer. The
diﬁmmisthﬂihi:mglemmufmmlqwtulqwrfmgahclix- In other words, the
director of the smectic C* mesophase is not parallel or perpendicular 1o the layers but it rotates

rmmﬂnrhmmhmmmmwhmmnrmmmmmﬂm
figure-6.

Cholesteric mesophase:

The cholesteric {llmﬂlh&dﬁnlminplme} [24-26] liquid crystal phase is typically
mmﬂmmmum-m@m.wchmmm
intermolecular forces that favour alignment between molecules at a slight angle to one another.
Thmlﬂdsmmtfmnﬂimnflﬂmmnmhﬁmﬂﬁdmlmlufwﬂﬁnlﬂ
nematic-like layers with the director in each layer twisted with respect to those above and below.
lnﬂusmuctm_ﬂ:cdhmmumﬂyﬁmbnmhdimmmunhmmmm
as shown in figure 7.







colour of light reflected by a blue phase sample indicates a cubie struciure having o lmitice
parameter abou! the same as the pitch of the chalesteric phase

Bergmann and Stegemeyer [31] have confinmed the blue phase of chloesteryl nonanoate
by calorimetric and microscopic studies and reported the existence of two polymorphic forms of
blue phases. These phases are optically isotropic and exhibit Braggs (light) scattering.
Monocrystals may be grown showing distinet crystal faces. Stegemeyer ef al. [32, 33] have
observed two thermodynamically stable phases (Blue phase | and blue phase 113, It was
suggested by Saupe [34] that these blue phases (1 and 11) have cubic structure. Crooker [35] has
suggested possible amorphous “fog" phase (Blue phase 111) besides cubic phases (Blue phascs |
and 11).

A number of workers [36-39] studied the physical propertics and their results provide
further evidences that blue phase is a three dimensionally ordered system [36] and confirmed the
cubic structure [37], Kitzerow [40] has presented an experimental review on electric field eflcets
on blue phases. |
Discotic Mesophase:

The first liquid crystals of disc shaped molecules were synthesized and adentificd by
Chandrasekhar et al. [7] in 1977. These phases are formed from molecules with nearly flal
aromatic cores, possessing four or six lateral substituents with at least five carbon stoms. This
mesaphase is characterized by stacked columns of molecules. The columns are packed together
to form a two-dimensional crystalline array. The arrangement of the molecules within the
eolumns and the arrangement of the columns themselves lead 1o new mesophases. Structurally,
most of them fall into two distinct categories; the columnar and nematic, with a number of
variants for the columnar [41], The thermodynamic, optical and X-ray studies [42] have led 10
the conclusion that these compounds are entirely new class of liquid crystals [43-47). Sandeep
kumar et al. have reported & room temperature clectron deficient new discatic system of
: hed chain tricycloguinazoline [48). Re-entrant phenomenon in disc like molecules |
reported by Destrade et al [49]. Schematic representation of discotic mesophase is given in

e -3




(#) Upright Columns (b) Tilted Columns
Figure -8 A schematic representation of discotic mesophase
Sanidic Liguid Crystals:

Sanidic liquid crystals are the lath like molecules having molecular geometry between the
rod like and disc like molecules [50]. The term is derived from Greek word meaning board like
and these phases were first observed in polymeric liquid crystals by Ringsdorf et al. in 1986 [51].
They are generally fused or twin compounds.,

(a)
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(c)

Figure 9  Structure model of the sanidic nematic phase: a, b, ¢ are the lattice
parameters according to X-ray data
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M Mesophases:

This phase is optically isotropic and its structure has been derived from X-ru

investigations, which indicate a cubic lattice. There is three-dimensional long-range order with
respect to the position of the lattice units [52]. On the molecular fevel, the structure is liquid -
like with “molten” alkyl chains, The viscosity of the cubic phase is very high. Lyotropic hiquid
crystals are also known to exhibit cubic mesophases

Plastic Crystals:

Liquid crystals are solid like liquid while Plastic crystals are liquid like solids. Generally
liguid crystalline compounds are long. rigid and rod-like, whereas, plastic crystals arc usually
: globular and compact. In plastic crystals positional order is maintained but orientational order iv
lost. Plastic crystals are also called orientationally disordered crystals (figure-10). Various
physical properties of plastic crystals have been studied [53-56].

Physical Properties of Liquid Crystals:

erystals so that they can be exploited for practical advantages.

Large volume of work has been carried out by scientisis in carly days of liquid crystals 1o
study the various physical properties of liquid crystals. Van der Lingen [57], fuckel (58],
de Broglic and Friedel [39], Cladis ct al. [60] and Brown et al. [61], carried ot X-ray stiliex
NMR studies were carried out by Spence et al. [62, 631, Lippmann et al. [64]. and Suupe and
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[65]. The studies of ultra violet and infrared spectroscopy were carried out by a number
[86.67]. Viscosity studies were carried out by Schenk [68) and Porter snd Johnson

The use of liquid crystals as stationary phases in chromatography was initiated by Dewar
al. [70] and Kelker [71]. Vora et al. [72] and others [73-75] used few liquid crystalline
s stationary phase in gas chromatography. A number of rescarch papers have
appeared recently in the literature, where scientists have reported fermclectric, antiferroclectric
and fermielectnic propertics of liquid crystalline maierials [76-80]. Lincar and non-lincar optical
sudies of hiquid crystalline materials is also reported [81,82]. Perkin ct al. have reported physical
properties of some novel nematic bimesogens for the flexoclectric effect [83].

Mixed Mesomorphism:

Just as the melting points of the solids are depressed by the additions of other substances,
s0 are the transition temperstures of liguid crystals lowered by the addition of foreign substances.
When & mesomorphic compound is mixed with another mesomorphic or non-mesomorphic
component, the solid-mesomorplic and mesomorphic-isalroplc Lransitions may be deprossed and
the degree of w will depend upon the nature and the concentration of the added
ecomponent in the mixiure.

In early 1950°s, Dave and Dewar [84] examined the problem ol studying the behaviour of
‘mixtures of varying compositions and they reached to several interesting conclusions. Based on
their study they deduced & group efficiency order [B4-86]. The study of exhibition of induced
mesophases in binary mm onc or both components are non-mesogenic is a rocenl
wrend in liquid crystal rescarch a5 these provide liquid crystalline materials at comparatively low
temperatures and from relatively cheap and easily available materinls.

Padmini et al. [87] reported induced nematic phases in a binary system consisting of .
pol hic smectogen and non-mesogenic schiffs bases. Arorn et al. [88] and Neubert et al

(89] have reported creation of nematic mesophase by addition of the second companent. which 1;
i!llﬂl mesogen. Mahajan <t al. |90] for the first time have reported the induction ol smectic and
mmhwmﬂwﬂm one of the component is |.2.4-
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Ogawa [116] has reported the effects of terminal mesopens on tharmal properties of dimeric
rimeric and tetrameric model compounds for main chain liguid crysialline polymers

The Effect of Lateral Substituents on Mesomorphism:

Lateral substituents may force apart the molecules and may thus reduce the
imermolecular lateral cohesions but at the same time substituents may increase the
intramolecular attractions. Normally, the first eiffect predominates ic. a lateral substituent
decreases the mesophase thermal stabilities, however, if the substituents do not have fullest
breadth increasing effect as in the case of the S-substituted-6-n-alkoxy-2-naphthoic acids [117]
then the second effect predominates | .e. the thermal stabilities of substituted mesogens increases.
The lateral group efficiency order [112) for smectic phase is

f>Me>-NO =Br>Cl>F=>H,

and the nematic group efficiency order is

NO: =1>Br>=Cl>Me>F>H.

The increased molecular breadth has three pronounced effects.

i1 Lowering of the tempersture at which mesophase appears,
it} Decreasing the stabilities of the mesophases.
iil) Destroying any smectogenic property regardless of alkoxy or alky! group chain length.

Vora et al. [118, 119‘] lllll't studied number of homologous series with bulky methoxy
group as a lateral substitoent. 11!‘:!}' have found that contrary 16 common observations, lateral
methoxy group does not depress the crystal-mesomorphic transition lemperalures (0 a greates
extent but the mesomorphic-isotropic transitions are drastically reduced.

Demus et al. [97-99] have reported compounds with long chain lateral substituents and
have mlw mml‘f mt Fﬂl.' Ih“” l:!jlﬂlllim malerials. T “.'L.}' have Townd Vhat the
nematic state is mﬁn[}r ﬂ,ﬂﬂ'lﬂd by steric repulsions and thar the atteactive forces play unly 4

secondary role.
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Spherical micelle Cross-section

Figure 12

Bruce, et al. [124] has reported lyotropic mesomorphism in some thermotropic, polycatenar
complexes of silver (1) and of rare-carth trisalkylsulphates in the water-cthylene glycol systems
The use of lyotropic smectic phase on the flory lattice is reported [125]. The structures and
soperties of induced lyotropic cholesteric phase are also reported by Dieter et al. [126].

Soups and detergents form lyotropic liquid crystals when they combine with water. Most
importantly, biological membranes display lyotropic liquid crystalline behaviour.

“esomorphism in Biological Systems:

Liguid crystals play an important role in nature. The mesomorphic properties in
miologicsl system, in the form of myelin, were first reported in 1854 by Wirchow [127]. The
senses such as smell may be involved with substances exhibiting mesomorphic properties [128].
This is based on the possible presence of cholesterol ester sensitive 1o small smount of vapours
Birefringence in the case of muscle was noted by Muralt and Edsall in 1930 [129).

From & study of structurc of Hemoglobin, Perutz et al. [130] concluded that it could
mwmmhﬁmﬁhhﬂduﬂ. No reports of the presence of liguid
crvsialline compounds in plants could be found in literature till 1970. Knapp and Nicholas [131)
reporied the isolation of tetracyclic triterpene ester cxhibiting smectic and cholesteric

hases. from banana peels and from the seeds of strychnine producing plants. Livolant
Tiii]hnwmgwhphm of DNA in vitro and in vivo, He akeo bas reported the
dicoad :Fitmu[ﬂ: highly concentrated liquid crystaliine phase of DNA [133].
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along the main chain.

Side-Chain Liquid Crystalline Polymers:

ltmmmhmﬂndﬂhﬁqﬁdwhﬂpﬂymunm:mm
mesogenic behaviour over & wide lemperature range. Side chain fiquid crystal polymers,
mfmﬁﬁWﬂm.Mpwmmmmﬂmm;

the backbone, the spacer, and the mesogen.

The Backbone
TI:WHlﬁMﬂqﬁduﬂﬂﬁmpﬂmilhmﬂmﬂmﬁdcm

mnuhn&mmmﬂﬁm“w“m'hdﬂmmmnmur

liquid Mmhrﬁﬂw . Palymers with rigid backbones typically have high
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nd properties ol these new mesophases, which ane
W comparable with smectic phases formed by calamitic MESogens. A little later Link et al
' " these smectic layers is due 10 the tilting of the

thus breaking the achiral symmetry of the
There has been intense research activity in this field and in the st few years hundreds of

is compased of bent-cone molecules have been synthesized [144-153) with & view oy
i the relationship between structure and the mesomarphic properties exhibited by such
Al least seven of these phases have been described 1154) and prefiminarily

 Structure-property relationship of banana-shaped mesogens:

The specific synthesis of bent nmm:mﬂumd[l-lz] only a few years ago. As
by different research groups, the relationship between the chemical structure of bent

Most banans-shaped liquid crystals described in the IM.mW o ihis
hmuh-ﬂﬁyml least five MIWWME results from a central 13-
% unit. The 2,7-disubstituted naphthalcnc unii is alvn 4 suilahle contral gni lor banang
pes Tolecules [153). The compounds with six or seven aromaje fngs have wlse heen







pehaviour cannot be explained in terms of our knowledge of rod-like mesogens [161 [, however,
gne possible explanation could be that it is a result of special packing of the bent molecules
within the layers. According to Bede! et al, [149] sn altemating distribution of the electron
density throughout the molecules preferentinlly leads to Bphase. As reparted by Shen ot al.
[146] for m-terpheny! derivatives and other compounds, the removal of 1wo connecting growps
reduces the conformational flexibility, which seems to disfavour B-phase formation. The linking
of two three-ring fragments by means of single units like CHz, CO, 8, O was investigated by
Thisavukta et al. [162]

To change the I'Mmfﬂt_lrphh: behaviour, the transition temperatures and the structure of
the mesogens, the intreduction of lateral subsiituents at different positions of calamitic and
discotic mesogens is a common procedure in the field of liquid crystals. The depression of the
melting points is another important reason for the introduction of lateral groups. In rod-shape
molecules, the presence of lateral substituents decreases the length-to-breadth ratio and therefore
the clearing temperature. The enlargement of lateral groups may lead to new liquid crystalline
materials resulting from a different and a special packing of the molecules leading to a non-
conventional ‘molecular shape. The molecular packing is such that it enhances the layer
formation and the smectogenic tendency in the compounds | 163].

Depending on the number of aromatic rings, banana-shaped mesogens can be substituted
|aterally by stoms or small groups only in & limited way. One has 1o distinguish between the
substitution at the central phenylene ring or at the outer rings and in both the cases the position of
lsteral substituents exerts a great influence on the mesomorphism. These two substitutions are
basically different, because the substituents near the linking groups of the central part can change
the bending angle between the two legs of the molecules.

Generally, the :uhiﬂnmﬂ attached o the central aromatic unit make it possible 10 vary
the hending angle in a delicate way, thus, for the first time the phase sequences SmA Sm(” 32
and N SmA SmC B2 were observed with 4-cyano-substituted resorcinol derivatives [152,164].
The intrndu:ﬂurn-ﬁf fluorine or chlorine atoms near the terminal wing groups was reported by
eppke et ai, (165] Lee and Chien [166,167) and Bedel ot al. [149]. Beside halogen stams
methoxy mmﬂuwﬂﬂ“m position by Kwan et al [ 168] Recently Nine ol al
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jua) swndied the influence oF the pesitions of the Iaeesl substituents on the mesomorphic
propertses of non-symmetrical banana-shaped liquid crystals. By increasing the number of

womatic rings of the mesogenic core, the possibilities of substitution without the loss of the
tiquid crystalline properties can be Increased.

Sadashiva et al. [151,153] have reported that the influence of chlorine and methy lateral
groups, having nearly the same van der Waals' volume, on bent molecules is different from those
imown for calamitic mesogens. Sadashiva et al, 1170] have reported biaxinl smiectic A phase in

nomologous series of compounds composed of highly polar unsymmetrically substituted bent-
core molecules.

Ferroclectric, Ferrielectric and Antiferroelectric properties in Banana shaped
molecules:

Ferroelectricity in liguid crystals has been [171] known since the pianeering work by
R B Meyer et al, [134]. Recently Reddy and Sadashiva reported | 172] the ferroeleciric properties
= the achiral banana shaped molecules having o fuoro substituent, Chirality in o tiltled Sm(
phase introduced by chiral dopants or by chirality of the constituling molecules themselves
results in breaking of mirror symmetry. In such chiral tilted phases the symmetry group is
reduced mf;.mhm.hmwmﬂfmmu!ﬁmﬁtmm Ps in
each layer of the SmC* phase, however, in bulk, the equilibrium structure will be twisted into 8
helix so that the polarization of the layers precesses around the layer normal and in s
macroscopic sample the spontaneous polarization averages to zero and & surfuce—stabilization is
required o obtain bistable ferroeleciric (FE) switching. Later aniiferroclectric (AFE) and
ferrielectric m}mmmﬂndw in such materials [173,174),

Several theoretical concepts were developed in order to obtain ferroelectric smectic
Phises built up by achiral molecules. Compounds that exhibit these propertics were first reported
™ 1989 by Chandani et al. [173]. Prost and Barois [175] and Petschek and Wicfling [176]
predicied a wmmm the spontaneous polurization is directed along the
harmal of the M%#ﬂ suseesalul coneepl o Rmo- o amtifermctoniic LS
Phase is based on schiral bent-shaped molecules [177]. Because of the close packing of ben




maolecules and high rotational hindrance about the

- long molecular axis, an ln-layer polar order
emerges despite the achiral nature of the

molecules,

The detailed electro-optical
packed polar molecules are 1i(1eqd
polar order n

nvestigations by Link et al, [143] gave evidence thal the
with respect 1o the layer normal, This combination of (il and
the smestic layers leads 1o @ chirality of the smectic lnyers as a whole. Recenily
Nguyen et al, {147] reported achiral five-ring banana-shaped compounds with Nuoring
substituents. ot the terminal rings exhibiting four switchable smectic phases. Weissflog et al.
[171] have reported ferroelectric and antiferroelectric “banuna-phases™ of new Muorinated five-
ring bent-core mesogens. Mathru et al, [178] have reported the synthesis and characterization of
l5]|"'*{T"“W'h}‘ih"ﬁ}"“}'ﬂﬂhﬂﬁ'lihiphtnyl-d-}rl and  S-(4-n-decyloxyphenylithiophene-2-
carboxylate and studied the ferro-, ferri and amtiferro electric hehaviour,

Rouillon et al. [179] have reported new banana-shaped thiobenzome liguid crystls witl
B6. Bl and B2 phases. A bow-phuse mesopen showing strong, robust wnalog electro-opiics has
been reported by Clark et al. [180). Goodby et al. [181] have reported synthesis und propertics ol
novel banana-shaped liquid crystals containing 1. 5-disubstituied 2.3 4-rifvoraphenyl unit. New
variants of polymorphism in banana-shaped mesogens with cyano-substituted central core have
been reported [182]. Pelzl et al. [152] have repored the designing of banana-shaped liguid
crystals without schiffs base units in m-terphenyls, 2,6-diphenylpyridines and WV-shuped tolane
derivatives. The same author has reported [183] spontancous chiral ordering in the nematic phase
of an achiral banann - shaped molecules.

Applications of Liquid Crystals:

: Lit.;uid crystal technology has had a major effect in many arcas of science wi
engineering, as well as dévice technology. Applications for this special kind of materials are sill
h"]’;i discovered and continue 1o qul&n effective solutions o many different problems.
Applications of liquid crystals are divided in two parts A) Display and B) Nan-display”
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A)  Liquid Crystal Displays,
the most comman application of i crystals is in displays devices (1.CDs). This fiekl
has grown into a multi-billion dollar industry and many significant scientific and engineering
dicovenes 'lnw-‘ been made. From the ubiquitous wrisiwatches and pockel calculators (o an
advanced VGA (Video Graphies Array) computer scroen, the types of displays have evolved into
an important and versatile interface. A liquid crystal display consists of an array of tiny segments
(called pixels) that can be manipulated to present infarmation. This basic iden is common o all

displays, ranging from simple calculators to a full colour LCD television.
Why are liquid erystal displays important?

7 Sire factor

7 LCD consists primarily of two glass plates with liquid crystalline material between them,

There is no bulky picture tube. This makes LCDs practical for applications where size (ax

well as weight) is important.

LCD uses much less power than their cathode-ray ube (CRT) counterparts.

» Many LCDs are reflective, i.e. they use only ambient light 1o illuminate the display.

» Even displays that do require an external light source (i.e. computer displays) consumc
much less power than CRT devices.

"n’

There are many types of liquid crystal displays, each with unique properties. The most
common LCD that is used for everyday items like watches and calculators is called the 1wisted
nematic (TN) display. Twenty-five years ago G.W.Gray [184] invented TN mixtures based on
cyanobiphenyls, The broad range TN mixtures and TN mixtures with improved viewing angle
using phenylcyclohexanes [185] were then used for sutomotive applications. The introduction of
STN (Super Ttﬂltﬁd"rﬂﬂmlﬂﬂ displays required materials with large dielectric anisotropy. ¢.p.
cvanoesters with lateral fluoro substitution [186). Thin film transistor (T displays reguiee
liguid crystalline materials with high stability like luorinated liquid crystals.

A major contribution to the F-mujh of LCD technology has come from the development
in add gt hniques used for driving matrix LCDs. There are fwml approaches, Nk
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The search Tor [
ullerene based new materials has attracted much atteniion | 194] ever

first |
gnce the first fullerene containing thermatropic liquid crystal was reported [195]. Nano-, pico-

fertosecond st
and femtosecond study of fullerene-doped polymer-dispersed liquid crystals arc reported [ 196]
for holagraphic recording and optical limiting ¢ffect.

B)  Non-display Applications of Liquid Crystals:

There are many nondisplay applications of liquid crystals. Some of the most developed
applications  that are  currently being researched are in optical correlators, optical
imierconnections, wavelength filters, and optoelectronic neural networks. Most of these systems
use hiquid crystal spatial light modulators (SLMs). The interaction has been described by Jones
[197]. The display devices based on nematic liquid crystals, notably smal! liquid crystal
televisions, are used as SLMs due 1o their increased availability [198]

Three-Dimensional Video:

This application of liquid erystal technology may not seem to fit into the category of non-
display applications, but the actual use of the liquid crystal is not in the display of the images,
aather it is used to perform the angular multiplexing which grows to make up the three
dimensional image [199]. The display itself is autostereoscopic, with no external optics, such as
3D glasses, required. The viewer can see the 3-D image over a viewing angle of 40 " with the
naked eye.

In-fiber Liquid Crystal Devices:

Liguid crystal materials have been used in a vanety of fiber-based applications, such ay
liquid crystal wave-guides and liquid erystal interactions with tapered fibers [200]. The inclusion
of liquid crystals in hollow ﬁh:r (ubes has created a new class of hybrid electro-optical devices
with applications in wmlmﬂnns and fiber-based sensor systems. The liquid crystal
Wiveguides wene also demonstrated as being able to produce TEy, (transverse eleetric) und

™My, (transverse mlﬂﬂhl modes in an optical fiber [201]. A varicty of waveguides has been

Produced co ing FLC materials to improve the modulation and decrease loss, The resulis s




.

fur have demonsirated in-fiber modulation of light st speedt of up 1o 100 KHz, with good
modulation depth [202],

Liquid Crystals Lenses:

The ability to control the refractive index of a liquid crystal allows the implementation of
liquid crystal lenses. In these devices, n gradient of refractive indices Is set up in the liquid
crystal by addressing patterned ITO (indium-tin-oxide) electrodes [203]. The refractive indix
profile acts as a curred surface of glass and hence acts as a lens. By tuning the structure of the
refractive index profile, it is possible 1o alter dynamically the performance of the lens. A novel
form of liquid crystal *lens’ is the switchable hologram [204]. The exact funclionality of the
device depends on the design of the pattern.

Thermography Using Liquid Crystals:

The dramatic variation of liguid crystalline properties with respect to lemperature has
resulied in the widespread use of cholesteric (chiral nematic) liguid crystals for thermography.
The property that has been exploited most in liquid crystal thermography is the critical
emperature dependence of the selective reflection from cholesteric liquid crystals, though other
emperature dependent properties of mesophases have been utilized (eg. the birefringence of
nematic systems and selective reflection from other chiral phases). Oron et al. [205] found that
including certain nematic materials in mixturcs of chioesteryl esters substantially reduced the
angular dependence of the selective reflection.

The use of cholesteric liquid crystals for thermography was reviewed by Flser and
Ennulat [206], and in the commercial literature of Hallcrest [207]. Amongst the substances with
the [argest temperature cocfficient are cholesteryl oleyl carbonate [208] and s-cholesteryl esters
1209), which are capable of showing temperature variations of the order of a milli kelvin

detectable 1o the human €¥€.













ded in wi
embed windscreens [329], heat leaks in refrigerator doors [330]. and heat pattems

ted by piernelectnic _
gener i and ultra high frequency devices [331, 332] have also been studied v
crystal the
liguid cry rmography. There are severa| examples of the uses of cholesteric liguid crystals

ws temperature indicators in low gravity and 1o estimate heat flow through textiles (333) in the
space programme aboard Apollo 14 [334, 335) and Apollo 17 [336).

Radiation Detection:

L |

The technical details of the construction and operation of the detectors are readily
available "-I'I.H'E HH.HII literature [337-34 I}: Membrane devices, including a thin layer of carbon
biack. are often used for infrared radiation detection and visualization [342, 343) and such
detectors are particularly useful in the observation of the modes and emission parameters of
infrared lasers [344-349). A thermal imaging device that offers the possibility of pight vision has
also been described [350].

It has been shown that the shift in the selective reflection band is linear with respeet 10 v-
ray dosage, and that the temperature response remained stable afier exposure |351-354], There
have been suggestions that thermochromic liquid crystals may be used [or the detection of
elementary particles [355], heavy moving ions [356] and for monitaring the frequency of LIHIF

electromagnetic fields [357]

Liguid Crystals as Solvents for Spectroscopic, Chemical Reaction and  Gas
Chromatographic Applications:

The fundamental principles involved in the use of thermotropic liquid erystals for such
applications and the literature related to these areas, arc covered in detail in the 1™ Edition ol the
Hsndbook [358); Several reviews of NMR spectroscopy in liquid crysials are reporied
(359.363]. The number of studies of the uses of thermotropie liguid crystals as solvents to alier
the course or rates of uni- and bimolecular thermal and photochermical reactions has increasd
be useful for these purposes it is imperative to be able to predict accurately the

dramatically. To _ |

specific effects that &1 slsottopic environment will have on & given reaction and (o be able W
’ mﬂl#‘ the proper Whﬂ as & solvent 1o give the desired oulcome. | ar

choose a liguid crystal oF T : '

of studies over the past two decades have been directed at elucidating
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Liquid crystals.find applications in different fieq
T2 IS,

welopment of new |iquld crystalline This has prven impetus fur the

miaten
erinls Lﬂl!ll}r et core mMEesogens have j;.u'ﬂ-.'lJ

martance for their potential j -
n In application and interesting geometrical variations

Ihe present work involve:
" : :
| oth , the synthesis of liquid crvstalline materials with bent core
lecules and other varying unconventional feometry

Liquid crystals with biphenyl methane bent core

Seven hormologous series with biphenyl methane bent core has been synthesized. One of
series has no lateral substituent (Series 1) Series 11 (o series VI have different lateral
watituents, except series V11, which has four methyl group as lateral substituent The bent -
e molecules with such lateral substituents have provided unique opportunity to compare the
sopenic properties with unsubstituted bent core molecules and rod - shaped molecules

Ome of the compound of these sencs was tested for its electro - optical propertics

Liguid crystals with 1,2,4-trisubstituted benzene derivative.

I'he conventional mesogenic compounds have rod-shaped geometry, while molecules
1 trisubstituted benzene nucleus deviate from conventional geometry. Series VI has phenyl

ing as |atern] substitugnt joined by an ester linkage and having para n-alkoxy group, Series IX

hydroxyl group as |ateral substiuent.

Liquid crystals with piperazine moiety

Heterocyclic rings induce reach mesomorphism, however, introduction of saturated
terocycles are less studied as one of the component of the molecules. Such nucleus affects the

metry of the molecules and also impart higher polari gability.










