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INTRODUCT ION

1. Definition and Nomenclature

Research in the field of liquid crystals has been
passing through various phases of activities since it
was first identified by Reinitzer in 1888(1). During the
last few years, interest in liquid erystals has intansified,

primarily as a result of its wilde commercial applications.

The matter generally exists in one of the three
states i.e. solid, liquid or gas., The melting point of
normal solids, occuring abruptly, involves the collapse
of ‘the overall positional order of the lattice array and
marks the onset of essentially free rotation of the
particlés.‘ Two intermediate phases of matter have been
identified where only one or the other of these two
freedoms (freedom of position or freedom of rotation)
has been at least partially obtained, These are liquid
erystals and plastic crystals. These mesophases do not
satisfy all the criteria for either a true solid or a
true liquid and exhibit many physical properties that
are characteristic of both, for example, liquid crystals
flow, but their optical properties are those usually
expected only of regular solids. Although the molecules
within plastic crystals maintain solid condition, have
rotational diffusional mobilities as found in 1liquid



Phase. In liquid orystals-the -molecules are: free to
move at will but their rotational mobility 1s ;estricted
whereas in plastic crystals the molecules are frea to
rotate in place and to sone extent change lattice sites,

but they still form a regular crystalline superstructure.

The phanomenon of mesomorphism is fundamentally
é‘éonsequence of molecular shape. A necessary (but not
sufficient) condition for the formation of mesophase is
that the molecules comprising the system be either (a)
elongated and in'some cases also flat (possibility of"
1iquid crystallinity) or (b) approximately spheroidal’
(posSibilityiof-plostie erystallinity). A primary
determining factor of mesomorphism 1s probably the length
to width ratio of the molecular frame, which we denote
by R, If R%1, there is a possibility of liquid-crystal
formation, If R#«1, a plastic crystal phase might occur.
Other ‘quaiities entering into or preventing the formation
of ‘a mesophase are cdnéidered in detail 1dtér.

Reinitzer (1), an Austrian botanist, for the first
time observed the phenomenon of liquid crystallinity in
the case of cholesteryl benzoate. Lehmann (2) however,
was the first to oarry out the systematio study of such
compounds and coined the term liquid crystal or crystalline
1iqnid to describec. this phenomenon. Friedel (3) and
Friedel and Friedel () who studied liquid crystals in

more detail proposed the term 'mesomorphism‘ as this phase



is neither a true liquid nor a true solid but finds
place between a crystalline solid and an isotropic liquid,
This term and the associated terms mesomorph, mesogens,

mesoform and mesomorphism are widely used in the literature.

Rinne (5) has criticised both these terminologies
on the basis that they did not carry any structural meaning.
He clasgsified matter as slther ataxy (a disordered or
amorphous structure) or eutaky (an ordéred structure) .
Thus the classification is :

1, Atactites = Iéotrobievliquids, gases aﬁd other
‘ ‘ amorphous matter,

2, Butactites.~ (&) Crystals-three-dimensional order.

(b) Péraer&stals-one-or,tnp-dimansional
order.

- Though merits of terms 'liquid crystals' and
'mesomorphism' are much debated, these termimologies are
widely accepted in scientific world. Brown and Shaw (6)

have(used 'mesomorphism' as the title for their review.

‘Liquid crystals are classified into tvo major
groups on tpe basis of the manner in which they are obtained,
One of these is identified as thermotropic liquid erystals
indicating that liquid erystal phase is obtained by the
application of heat, Lyotropic liquid crystals constitute
the second major group where liquid crystal»phase is

obtained by mixing two or more Components in suitable



-solvent. Eventhough the terms thermotropic and lyotropic
are widely used Gray and Winsor (7) prefer the terms

éméhiphilic and non-amphiphilic., The amphiphilic mesogens
are callsd lyotropie whilé the non-amphiphilic mesophases

are commonlﬁ called thermotropile.

2, Thermotropic Liquid Crystals

Soon after the initial discovery of liquid crystals
by'Reinitzer:(l), Lehmann (8,9), Gattermann and Ritschke
(10), and Vorlander (11) prepared hundreds of organic
- compounds - which: exhibited liquid erystallinity, The common -
_feature found.in all these compounds was thelr elongated

rod shaped molecules having polar and polarizable groups,

In. the early stage of. the development of liquid
.erystals a number.of workers objecte&‘this phenomenon
(12-14) and suggested, that the properties observed in such
compounds might either be due to the minute crystalliine
impurities in isa;ropiq liquid or it nmight ba due to the
- emulsion of 1iquias.‘xﬁowévér later experiments of Bredig
-and Von échukowsky'(lﬁ), Coehn (16) and A.C. de Kock (17)
have supported the view that crystalline liquid is a |
. homogeneous phaée and not an emuléién'of'twohliquids.
Mauguin (18) and Friedel and Grandjesn (19)ffrom their
. study proved beyond any dbubt'that'l;quid crystal state is
a truely physical state, intermediate between the
erystalline solid and the isotropic liquid.
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The 1iqu1d crystalline molecules are lqng and.
rod-shaped possessing one or more dipolar grcups. This
type of structure favours the parallel alignment of the
molecules, In the crystalline state of a mesogen the
bondingﬁforces exist between the molecules, However,
thermal agitation disturbs thesebonds and on heating
weaker bonds break first leaving the s0lid with some
degree of relative movement before sufficlient. thermal
energy has been acquired to overcome, in any‘great degree,
thé'tgnﬂency for them to set themselves parallel to one
another, Thus the solid melts to a fluid but remains
mesomorphic because of the preferred orientation of the
molecules, ' 'On further heating the thermal vibrations are
~‘increased to a greater extent and the isotropic liquid is
‘obtained, ' The gradual thermal break-down in liquid
erystalline compounds may be expressed as under

' . tl 3 ta , v
Grystalline —_— Liquid crystall:me — Isotropic |
state . state liquid

3

e e . state
Inereasing temperature

In most of the solld crystalline substances,

hedting breaks down their ordered structure and the solid
1s ‘transbrmed into an isotropic liquid, whose state of
order shows no preferred direction at ita melting point,

However, if the conditions are favourable for mesomorphism,
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the order breaks down in stages, first passing into liquid
crystalline state at temperature tl This state has
certain degree of order and hence acquires aniSOtroplc .
properties, FMurther heating to ta destroys the orientation
of the molecules and the mesophase finally changes to
isotropic liquid, Thus the action of controlled heat is
-responsible for breaking down the alignment in stages.
The clagsification of matter Into three stat@ in the case
of such mesogens should be inadequate and hence a mo@mfled
way may be as follows ¢ _ '
t, %y t3 ,
Crystalline — = Liquid — s Isotropic — Vapour or
80lid <«——— crystal<—  liquid <— gas

The transitions t; and t, take place at
definite temperatures and are preclsely reversible,
But the reveréal from the liquid crystalline state
into the crystalline state is usually accompanied‘by
supercooling. The transition t, is precisely reversible
that is, there is no detectable supercooling. This
type of translition in which ta is at a higher temperature
than tl is termed enantiotropic transition and the phase
obtained is known as an enantiotropic mesophaée. However,
& mesophase may be monotropic in nature. For example, a
mesogen may melt av tl to give an isotropic liquid but
when the isotropiec liquid is cooled, supercool@ng may

occur and the temperature may fall canéiderébly below tl



and mesophasge méy appear at t2 before crysta}lization
occurs, The mesophaée obtained this way is termed
monotroplic mesophase and 1s observed only on cooling.

The monotropic temperature tz is also reversible and on
raising the. temperature before erystallization isotropic
liqﬁid is ottained at tglitse;f. The sequence of changes
of state for a compound exhibiting mqﬁotropic mesophase

may be represented as under 3

t
Crystalline —_ % . Isotropic liquid .
state - state

N

"Mesophase

3. Snmectic, Nematic and Cholesteric‘Liquid.crgstals

Friedel (20) carried out detailed optical studies
of 1iquid crystals and conveniently divided them into
three types = smectic, nematlc and cholesteric, Most of
the liquid crystalline substances which have been studied -
are exclusively elther smectic, nematic or cholesteric,
Some compounds, however, exhibit both types of mesophases
i.e. smectlic and nematic or‘smectic and cholesteric and
they have always definite transition temperatures definf}iﬁgA
the stability of different mesophases. The change with
1ncreasing temperature may be represented as :

5 t t

Crystalline ——» Smectic ——g+-Nematic or ~—§~>Isotrop1c
s0lid +«—— Mesophases <— Cholesteric <—  liquid
Mesophase



‘There are also a number of mesogens possessing
more than one smectic phase, the phencmenon is known &s
poiymorphism'of smectic mesophase. In this caée also the
temperature range and the stability of the different
mesophases are sharply defined, ‘
‘Crystalline -El+ sm9°ti°-fg» Smectic -34>Nemat1c ~EBL»Iso-

solid <— II I <—— or <— trople
' o s Cholesteric liquid

3.1 Smectic .Liquid Crystals

The smectic mesophase is turbid viscous stata,
with certain properties reminiscent of those found for
soaps,  The term 'Smectic' is in faet derived from the
Greek wofd, ‘Smecfos' meanihg soap-like and has no spéoial
significance. It was first used for ammonium oleate; a

'soap salt, it being ‘the first Subs tance known.

Smectic 1iquid crystals have their molecules
arranged in definite layers. These layers cen slide over
one another because ﬁhe molecules are freo to,movolfnom_
side to side, or backward and forward, but not up and,doon.
The molecules in their turn may or may not be arranged in
regular rows, but_have their long axes perpondioular to ‘

" the plane of the layer (Fig,,l)..

!I [ ’l] ], Fig 1. A section representing

I]Jf ll]} l],[} the molecular-arrangement‘
in two plane smectic stirata

P —




A film of smectic phase stretched over a8 small
hole in a plate gives the éondition of parallel sheets.
The resulting structure is optically extinct and is said
to be homeotropic. 4n interesting fea#ure of the
hom(sotropic structure is the formation of series of
strata or terraces, These terraces are cé}led thé |
Grandjean terraces after their discoverer Grandjean (21),
The stratified\structure of the smeétié phase was inferred
from the formation of stepped dropg observed under '
mieroscope and has been further confirmed by X-ray
anaiysié‘(22),

When the smectic phase is formed on cooling the
iSOtropic liquid it first appears frequently in the form
of non-spherica; characteristic elongatad birefringent
bodies which are known as batonmets. They'inéreése in
number as the tempefature.falls, coalesce and show
evidence Bf.a focﬁl cénic struéture, éo named; after
their shape., The focal conic structure is an important
meags‘of detecting the smectic mesophase. It extends all
over the specimen and when’examineﬁ in polarized 11ght it
gives a fan-like appearance énd has‘its qrigin in 1éek

of common orientatiqn of the smectic sheets as fhey form,

When foeal conic texture is.observed undér the
microscope & number of fine dark lines are seen. The

shape and the‘arrangement of these lines are like those of
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ellipses.and hyperbolae.. The study and explanation of
the focal conic structure are largely due to G.Friedel (20).
The polygonal texture is generally obtained when the \
preparation is f%gly‘thick.and not too viscous. Bragg (23)
has given an excellent account of the focal conic structure
and the geometry involved, which furnishes further evidence

for the layer theory of the smectic structure,

Saupe (24) proposed a subdivision of smectic phase
into two groups following the proposal of Herrmann (25)-
smectié phase with unstructured layers and smectlc phase
with structured layers. Much work on the classification
of smectics has been done by Sackmann and Demus (26).
They examined a number,cf pure compounds and their mixtures
with one another and assigned structﬁres to'thé smgctic
mesophase, They classified smecti& phase according to
the textures observed (Table 1). |

Tablevl

- Scheme of texture classification of smectic liquid crystals(@e)

(a) Simple fan-shaped texture

Smectic A : .
(b) Simple polygon texture

(a) Broken fan-shaped texture

Smectic C :
(b) Broken polygon texture ‘
. . Sehli-
(a) Fan-shaped texture With decreased | eren
Smectic B : (b) Polygon texture number of lines| texture

(¢) Mosaic texture
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Sackmann and Demus (26) have proposed seven
smectic phases, A through G, These are identified by
miseibility studies. Howewer, de Vries (27) has classified
the smecties into three main classes o, § and ¥ on the
bases of X-ray studies, The class o contains smectic
types 4, C, F and D ; tlass p contains the smectic type
B and class Y contains: the smectic type B, G and H.

"3.2 (a) Nematie Liquid Crystals

The term nematic meaning thread like (Greek
nemaphread) is used because of the mobile thread-like
lines which are observed in nematic'mesophase. The
optical effects of the riemétic threads have been studied
by Zocher and Birstein (28);’ It seems the threads are
lines of discontinuities in the structure and correspond
to the ellipses and hyperbolae in smectic phase., As there
being no stratification in the medium like the one in the
,émectic phase, no definite geometrical 1aw‘can be applied.

Frank (29) has named these lines as disclinations.

The molecules in the nematic phase are arranged
with their long axes parallel but theéy are not separated
in layers and can be compared with 2 long box of round
pencils, The molecules in the nematic phase exist in
the form of groups, each group containing about 100,000
parallel molecules. These groups are referred to as

swarms, and the theory known as the 'Swarm Theory' was



first proposed by E Bose (30) in 1909, to explain the
moleoular arrangement and order in the nematic phase,
Zocher (3L proposed the distortion hypothesis which is
now referred to as the eontinunm theory of liquid arystals.
Luckhurst (32) applied both the swarm and distortion
theories of the nematic mesophase to the study nf magnetie
resonance experiments and has shown that bhey 1ead to

isomathematical conclusions.

The properties of nematic structure indicate that
the molecules are parallel cr nearly parallel to one ‘
another but are not in layers. A-schematié represéntation,
of the order in a nematic phase is shown in the figure
(Fig 2.)é ‘ |

Lin } © .Pig.2, Molecular arrangement
' 1 .in the nematic phase.s

A nematic 1iquid erystal on cooling from the
amorphous 1isctropie liquid glves at first circular’
birefringent areas {(droplets)., The appearance of the -
textures which are formed after the completed transition
often depends considerably on the layer thickness. Thidﬁer
nematic layerS'méy show the typlecal threaded texture. The
well = defined thread-like structure may move and fleat

PR
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around in the nematic liquid., The term nematic refers

to these feabtures,

| In thinner layers the threaded texture changes

to the schlieren texture with point-like diselinations.
The appearance between crossed polaroids is characterized
by dark brushes which start from poinfs in which the
direction of extinction is not defined. Usually points
with two or four da:k brushes can be observed., By
suitable surface treatment it‘is possible to obtain films
with uniform moleéuléf alignment; With untreated surface ;
the surface effect mgy’producg an irregular texture

reminding one of pclished'marblg (the marble texture).

3.2 (b) New Ptypes ‘of Nematic Phases

Common nematogenic materials consist of rod-like
molecules whose longest axes tend to be parallel in the
nematic phase as discussed earlier. Alben (33), Onsagar
(34) and Deyer (35) suggested that in addition to such
positive nematics, it is reasonable to expect that there
might be 'negative' nematics with planar molecules
aligned with their shortest axes parallel.

Recently Chandrasekher et al,, (36) have reported
that thermotropic mesomorphism has been observed in pure
compounds consisting of simple disc like molecules, viz.
benzenehexa-n-alkanocates, They have suggested the

structure which has trangitional periodicity in two
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dimensions and 1iquid like disorders in the third.

Another new type of nematic mesophase has been discussed

by Zimmer and White (37) obtained during the process of
coking and carbonization., The mesophase trans-formation
usually occurs in the range of 400 to 500°C, This mesophase

has been termed the carbonaceous mesophase,

Recently number of workers have reported msﬁastablé
re-entrant nematic phase below the smectic maéophase in
mimber of system (382,38b,39,40) e.g. in the mixture, at
high pressure and at atmespheric pressure in pure compound ,
The common feature of compcﬁnds exhibiting this phenomenon

is a c¢yano end group that they possess.

3.3 Cholesteric Liquid Crystals

The cholesteric mesophase is found in the melts
of several compounds mainly having sterol type of skeleton,
Initially thevaere cholesterol derivatives from which
it derives the name, Howaever, the chiral nematogenic

molecules also exhibit cholesteric mesophases,

éholesterie mesophase hag certain characteristiec
properties of its own which are markedly different. from
the smectic and nematic mesophases. The most striking
property of the cholesteric mesophase is the scatbering.
of 1ight to give vivid colours when illuminated by white
light. The colour of the scattered 1ight at a particular



angle to the surface of the film'is dependant on (a)
the substance, (b) the temperature and (c¢) the angle of
’ the incident beam,

Daniel Berg (41)' is of the Apinion'théﬁ the
moiecules in the cholesteric liquid érystals are aligned
o each other within the planes but with respect to the
next plane there is a slight twist, Sé as one goas.up
the axis from one cholesteric plane to the nait, the
cholesteriq molecules are spiral, the repeat distance
balng of the order: of 1000 A° (Fig.3.). This repeat
distance glves the cholesteric phass its pecullar optical
properties of scattering the light and appearing highly
iridescent. Cholesteric liquid crystals can occur in
three textures (24). ..

(1) Focal conic texture -

‘ When an isotropic 1iquid 19 cooled the taxtura
obtained is focal conic, The focal conic textura derives
1ts name from the conic sectinns that are sometimes
readily visible, as in the case of smeetics. ‘The focal
conic texture nucleates in diserete points from where 1t
grows in all directions, forming circular areas, nntil
finally the whole film is covered. ’

(11) Planar or Plane texture

The focal conic texture of cholesteric changes.
to the plane texture when the cover glass is shifted.
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In this texture the sample is uniformly aligned with

the twist axis pfgpendicular to the plane of the film.
There are, however, often alignment discontinuities which
cén show reflection colours. For perpendicular incldence
the wavelength of the light at the centre of the reflection
band 1s eqal to the length of the piteh mltiplied by

xrefractive index,

(111) Blue phase (Isotroplc texture or Blue apparition).

On cooling' an isotropic liquid some cholesteric
compounds s&ch as ch&lesteryl nonanocate exhibit a phase,
which is visille to the eye in reflected 1ight, but not
visible microscopically in‘tfgnsmitteé light using crossed /
pdlarisers. The phasé is known as a blue‘phase. This
phase on further cdoliﬁglchanges to a birefringent
texture, Due to this, the transition temperatures on
cooling isotropic cholesteric liqﬁid are not readily
observed optically and one gets the impression that
supercooling is occuring, At present the knovledge regarding

“blue phase is scanty (¥2-47), vetail study of more such

compounds would only help to understand blue phase,

k., Plastie Crystals

In contrast to liquid crystals, which are solid-
1ike 1iquidg’plastie crystals are liquid-like solids, Tné
basic difference between a liquid cfystal and a plastic

‘orystal on a molecular scale is largely one of geometry,



Whereas liquid crystal molecules are generally long

and rigid, plastic crystal molecules are usually compact
and globular, Plastic crystals were first recognized by
Timmermanns (48). Plastic crystals are neither true
liquids nor true solids but constitute a further mesoﬁbrphic
state of matter equivalent in status to the 1iquid

erystals (49).

5. Lyotropic Liquid Crystais { Awphiphilic Compounds)

Mesomorphism formed by the effect of solvent on
amphiphilic compound s is referred to as lyotropic liquid
erystals. Those compounds which possess two gzroups which
differ largely in their solubility properties are »
characterized as amphiphilic (50). These ars (a) a
hydrophilic group which tends to be water soluble and
hydrocarbon insoluble and (b) & lipophilic group which
tends to be hydrocarbon scluble and water insoluble.
Mc_Bain (51) 'hafs discussed the forms of mesomorphism in
soap solution, 4 number of cationiec and nonionic detergents
have also been shown to give anisotroplc phases when they
are treated with solvents and in particular with water
(52,53,54)., A close relationship obviously excisting
between these liquid crystalline states and the truely
colloidal states, has been discussed by Ostwald (55).‘
Robinson (56) hés reported lyotropic phase having properties

gimilar to thefmctropiq cholesteric phase,
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Lyotroplic systems are also thermotropic and
it is the cooperative action of the temperature and
the solvent which enables them to pass successively from
the s80lid crystalline state to the liquid crystalline
state and to the isotropic liquid or the dissolved state,
" Recently Gray and Wingor (57) have discussed constitutiocnal
analogies between thermotropic liquid crystals, plastie
crystals and lyotropic liquid erystals,

6. Mesomorphism in Biological Systems

Liquid crystals play an imporitant role in nature,
Brown and Shaw (6) have pointed out that the mesomorphic
~modifications are of important biclogical significance,
as slight changes in composition and in physical and
chemical properties can materially affect the formation,
continuation or cessation of the mesomorphic state,a
delicate balance characteristic also of many bicloglcal
processes, Gatalyfiic processes in biologlcal systeums
eould readily find a favourable environment in the
structure of the mesomorphic state, As Bowden (58) has
put it, this state seems to be especially suited to
biological functions and may possibly be the basis of
vital activity.

Living sperms composed in part of protein,
nmucleoproteins and albumins, have been shown %o possess

a mesomorphic state (59,60)., Fergason and Brown (61)
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have reviewed the liquid crystals in living systems.

Stewart (62) mentions that there are several good
theoretical reasons why matter in the liquid crystalline
state should play a part in the structurelof living
tissues and gives a number of examples where mesomorphism
is observed in biolodgical systems, Chapmann (63) describes
the essential components of membranes of living cells and
connective tissues and the‘Significance of liquid crystals

therein,

7. Chemical Constitution and Mesomorphic State

Vorlander from hig study of & large number of
organic compounds pointed ocut that a close relationship
exists between the symmetry of the moleculée and its
capacity to form liquid crystals. In general the
molecules of a liquid crystalline compound are elongated,
rod- or lath-shaped and possess middle and terminal

polar groups.

Intermolecular cohesive forces between molecules
ars required for the formaiion of iiquid crystéls.
However, the intermolecular attracfions should not.ﬁe 80
strong that the melting point of the compound is
very high. At high temperature the thermal motion prevents
the existence of an ordered phase. If the intermolecular
forces are very weak, the crystals may melt at lower

temperature but the cohesive forces may again be weak to
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maintain the molecules in the ordered state, Thus

for the formation of liguid crystal, the echesive forces
operating between elongated molecules must be both
anisotropic and of suitable magnitude (64). Another
eriterion for the formation of liquid crystals is
rigidity of the elongated molecules, If the molecules
lack rigidity, flexing may occur along its length and this
may prevent the formation of liquid crystals. For example,
long chain p-alkanoic acids are non-mesomorphic becausé
the alkyl chains are flexible and these may coil and bend,
The introduction of unsaturation in the chain however
makes the ﬁoleculeé"more rigid due to sz hybridization

and thus alkane ~ 2,%-dienoic acids are mesomorphic,

The majority Af tﬁe thermotropié liquid crystals
are aromatic in nature.)‘ﬁromatic nuclel are ﬁolérizable
planar, rigid and ean give rise to mesomorphism if the -
substituents are placed in‘proper positions., For benzene
nuclei the éubstituents mist eccupy p-position and be of
such a kind that they link up at ieast one other benzege
ring which also carries a p-substituent. It 1s preferable
that the linyking group between the two benzene nuclei

'8hould also be of a rigid nature. This can be represented

o Vad e

‘as

(1]
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where X and Y are the'terminal substituents and A is
éhe central linkage. The usual central linkages are
~CH=CH-~, -(CH=CH)n~,~C2C., CHEN-, N=il-, wNeffey
_cH§CH_§-o-,‘_CH=g.;‘-coa-, 7(0&:03)2-00_(cﬂ=03)2~;
~CH=N=N=CHw, =CHp~CHp=, ~0-CHz=CHp=0~, (~CO2H)z ete.

1

o When more than two benzene rings are linked
through more than one central group the liquid
erystalline properties are enhanced,

000

v

The linkage of benzene rings through p~ of me

position is not favourable to the liquid crygtal formgtion
because the molecules theén become'ppn~1inear. The benzene
ring plays an importagt role in the formation of -
mesomorphic compounds. The increase in the number of -

aromatic rings increases the stability of the mesophasgs.

Dewar and Goldberg (65) in their studies have
shown that the replacement of aromatic rings by saturated
alieyelic rings gives marked reduction in thermal
stobilities of the mesophase indicating that linearity
is essential for a compound to exhibit mescmorphism, -
Dewar and Riddle (66) from their stﬁdies of number of
potentially mesemorphlc esters and thioesters suggest
that the geometry is the most 'important factor in
determining the stabilities of the nematlc mesophases
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the eséentiél rSQuifement being a linear rod-shaped

molecule of more or less uniform cross-section.

. Dewar and Griffin (67) thermgdynamically studied
" the role of the qentraligroup on the stabllity of

nema;ic,liqﬁid‘cryStals,d Tney auggest that polarity in
the central part of the iinaar molecuie might reduce the
' nematic~isotropic transition témperéturé thfoughva roeduction
in the effective symmetry number, eventhough polarity of
the terminal groups favours the nematie stabixity. They
also suggest dhat the ideal structure for a nematic
molecule seems to be a 11near non-polar cylin&er of
uniform cross-secticn with pqlar ends . Recenzly Billard(é&)
aﬁé Bidenéehink ot ai;,‘(69)'haVQ reported munber of 1,k
tfans eycldhéxane derivatives.exhibitiﬁg'meéombrphiém.
Mesomorphic compcunds contaning a heterocyclic ring have
been reported by a number of authors (70-72). Mgsh and
Gray (73) have discussed the liquid orystalline behaviour

o: hetaerocyclic compounds,

7.1 The effect of terminal substituents en liquid -
erystaliine bshaviour ‘

In majority of the cases, the terminally

substituted compounds exhiblt more stable mesophase
compared to unsubs tituted mesogenio compounds § however
for smectic ;iquid‘crysﬁals certain terminal substituents
- reduce the,the#mal stability. Gray (64) obtained group
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efficiency order in nematic and smectic systems.,

Gray (74) and Dave and Vora (75) have studied the effect
of substitution in cholesteryl benzoates j and obtained
a group efficiency order for the different substituents

in the cholesteric systems.

Most of the terminal alkyl groups found in
mesogenic compounds are unbranched, It 1s found that
branching produces a decrease in the thermal stability of
the mesophases, When the branching occurs at the first
carbon atom of the chain, the effect on liquid crystal
thermal stability is the greatest. Branching at any
point appears to have greater effect on the nematic than
on the smectic thermal stability. Movement of the point
of branching away from the first carbon atom of the chain
towards the end of the chain causes the transition

temperature to rise again (64).

From the view point of applications of liquid
erystals, the end group has Beeome quite important., A
highly dipolar end group, whose dipole works across the
long axes of the molecules endows the mesophase with a
negative dielectric anisotropy whereas if the dipole is
acting along the long axes of the molecules, then it
exhibits positive dielectric anisotropy. Consequentiy
many mesogenic compounds having cyano, nitro and halogen

as lateral or end groups are synthesized (76-78).
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Sehroeder et al., (79) reported some mesogenic
cémppuﬁds with a free phenolic and amino end groups . The
mesogenic compoundslwith phenolic and amino end groups
are fére, as intermolecularvhydrogen bonding raisés the
melting point whiéh'in turn does not allow co?pounds to
melt in stages (80). HRecently Vora and Guﬁta (81) have
reported first extensive hombloé%s series having a
phenolic end group and opened up new avenues in liquid

erystal research,

7.2 The effect of lateral substituents on liquid

prystalline behaviour

The lateral substituents may force apart the -
molecules and may thus reduce the intermolecular lateral
eohasicns but at the same time the side substituent may
" inerease the molecular polarizability which in turn may
inecrease the intermolecular attractions. Normally the
first effect predominates i.e,, a lateral substituent
decreasesihe mesophase thermal stabilities, However,
i£<the substituent does ngt have fullest breadth increasing
effect as in the case of 5-substituted~6-n-alkoxy-2-
naphthoic acids (82) then thg second effect predominates
i.e., the thermal stabilities of substituted mesogens
increases., An oraezj of the substituent effect for the
1aferal substitution is given by Gray (6#) ag ¢

Smectic order + H<F<CL<Br =N0»< Me< I
Nematic order : HS F< Me< C1L< Br< I = Noa
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Wiegand (83) studied 1iquid erystalline properties
of 246~, 1,5=, and 1,4-anisylidene diamino naphthalenes.
Gray and Jones (82) studled a number of substituted
alkoiy naphthoic acids, Dave and co~-workers studied
mesogenic naphthalene Schiff bases (8%) and esters of
1,5~ and 1,4-dihydroxy naphthalene with p-n-alkoxybenzoic
acids (85,86). These studies show that the order of
11quid orystal thermal stability in naphthalene ring

substitution is as under -3

2,6 > 1,5 > 1,4

Gray and co-workers (64) studied a number of
lateral substituted biphenyls at 2- or 2'-positions,
These substituents in addition to increasing the breadth _
of the molecule, increase the thickness by imposing a
steric effect on the system, It is found that the
effect 1s more pronounced on the smectic thermal

stabilities than on the nematic thermal stabilities.

7+3 Mesomorphism in Homologous Series

The relationship between transition temperatures .
and increase in the alkyl chain length of mesomorphic
compound is quite interesting. A number of homologous
series exhibiting mesomorphism have been synthesized by
various workers in the field., When the mesomorphic

transition #emperatures e}g., nematie-~isotropie, smectic-



isotropic, cholesterie-isotropic, smectic-nematie,.
smectic-cholesteric or smectic-smectic, for the homologous
serles are plotted 'against the number of.carﬁon atoms in-
the n-alkoxy groups, smooth curves may be drawn through
points for 11kéror related trahsitions.‘ Usually the - ‘
melting,pdints (crystal-smeetic, crystal-nematic or crystale-
cholesteric) do not exhibit the regular trends. The
nematic-isotropic, smectlic-isotroplc and cholesteric;
lsotropic temperatures alternate typlically j these lle on
two falling curves the upper one for even and the lower one
for odd number of carbon atoms in the n-alkoxy chain, For
a system with n-alkyl grcup attached direct to the riug

the reverse situaticn arises because the oxygen of the

ether link in the alkoxy group is eqivalent stereo-t 
-chamically to a methylene unit (64) .

. The odd—even effect becomes less marked as the
series 1s aseended and the two curves merge later in the
serles, The smectic-nematic temperatures usuall& do not
alternate and lie on a smooth curve which rises steeply.
at first, then levels cut and merges with the falling |
nematic—isotropic curve, However, there are cases in |
which the smectic-nematic transition eurve does not merge
with the falling nematic-isotrépie transition curve and
the last members of the series exhibit nematic mesophase

along with the smectic mésophasa. There are also cases
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in which the smectic-nematic and smectic-cholesteric
tomperatures alternate., These are dealt with in greater

detéil in the discussion part.

8. ﬁixed Mesomorphism

Just as the melting points of the solhds are
depressed by the additions of qthe: s:.'u.b‘swt;ancsass,},~ so also '
are the transitiup temperatures of liquid ecrystals are

. lowered by the addition of foreign substances. When
a mesomorphie compound 1s mixed with another mesomorphic
or non-mesomorphic coqpnnnt, the solid-mesomorphic and r
mesomorphie-isotropic transition points may get. depressed
. and the degree of depression wiyl depaend upon the

concentration of the added component in the mixture.

Bogojawlensky and Winogradow, (87) have reported
the formation of mixed liqnid crystals from pairs of
substances one or even both of which were not giving
nonmal.liquid crystals, Vorlanderiand‘ﬁahren (88) and '
Be%?tt and Jones (8§) also observed that binary ﬁixtq:;s
1@ whiqh'both the components were nqnfmasomoréhic;_gavé '
rise to liquld crystals ﬁithin’a'certain cqncgntration
range when they wgre‘meited. Davé énd co-workers (96)
studied a number of binary systems in which oné’component
waé nematogenic and the other non»mesomorphic and dgiived
orders of end _group efficiency 1n the nematic mesophases.

Recently Dave and Vora (91) reviewed these order of end
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group efficiency in the nematic mesophase as under :

N0, > 0Bt > OMe > n-Pro > NMez > Mg = C1 > F = Br > H

Sackmann and Demus (26) identified smectic
mesophases on the basis of miscibllity eriteria and
' texture phenomenon, Dave, Patel and Vasanth (92) have
studied binary systems comprising a smectogenic and a
polymesogenic (Smeetic-Nematic) and nonwmesogenlc
compcunds. They found that in the binary mixtures
comprising NO@ group in the non—mesogenie component, the -
smectic and nematic mesophases show an enhaneement in the
thermal stabllity. Domon and Billard (93), and Hulme and .
Raynes {9&) have used a numerical tedhn*que to predict the
eutectic eompositien of some liquid crystalline mixtures,

A single liquid crystal does not satisfy all the
requirements of technological applicatians. Hence, ‘
recently many mixtures have been reported where a mesogen
or other ecompounds are added to the low melting mesogen,
either to decrease the melting point, or to increase the
meSQphase range or for the change in electric conductivity

and dielectric anisotropy (95 - 100).

9, Physical Properties

In recent years a large amount of work is being
- done on ihe-phyéical properties such as K-ray studies
(101,102), speftroscopic studies (103 = 105), magnetic
‘Tesonance (106,107), mossbauer effect (108), Viscosity

1
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(109,110), surface tension (111,112), ultrasonics
(109;113,;1#), dielectric constant (115), magnetie
susceptibilifies (116,117), chromatography (118?119)
and calorimetric studies of liquid erystals (120 - 126).

Liquid crystals are anisotroplc melt and the
availability of room temperature liquid crystals has
opened up new aVenqes'of research in physical chemistry.
A number of books and reviews have discussed fhé ph&siéal
studies of mesogens and theif uses in different figlds
(74,127 = 137). Due to the shafp changes in molecular
0riéntaticn at“phase transitions the viscosity and surface
tension sfudies are préviding.interesting obser&atioqs.
Gas chromatography studies and specif'ic volune studies
help to evaluate order parameters of liquid cfystals.‘
Nuclear magnetic resoﬁance studies of many compoundsvhave
beén carried out by using|1iquid erystal as solvent, Now
the availability of.a‘mesogen with leés unsaturation
(aromatic to aliecyelie) would be preferred as solvent in
IR'and UV studies. Hecent report of a mesogen having a
ferrocene moliety would be quite helpful in mossbauer
spectroscopic study (138). Dieiectric studies have
become more important as the dielectric anisotropy decides
about the field of application for the liquid erystal
compounds . Ultrasonie s'mdiés, magne%ic susceptibility
ete. are of interest due to the orderasd nafure of the

mesophase,
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Calorimetry

Calorimetry is a valuable method for the detection
of phase ﬁransitions.‘ Calorimetric measurements have been
made, using adiabatic calorimetry, differential seanniﬁg
calorimetry (DSC) and differential thermal analysis (DTA).
Adiabatic caloriﬁetfy has greater ﬁrecision although various
caleulation methods ean introduce a considerably lérger
uncertainlty and the technique is quite time consuming.
The differential methods are more rapiﬁ,'but precision is
cémpafatively'lower with the larger errors at the lower

transition heats,

The most significant thermodynanic studles have
been reported in an important sgries\of papers by Arnold
and co~workers (120 - 123), They use the method of \
adiabatic calorimetric measurements for the detérmination
of heat capacities and latent heats, Calorimetric
measurements using DT4 and DSC methods have been reported
by Barrall et al., (124) and by Banulat (125).

Brown et al,, (126) have compared the (thermotropic
calorimetric) results of different workers.rlihey suggest
that the rather large discrepancy in these values is an
indication of the uncertainty of the DTA method and hence
‘the caution should be exercised in the interpretation of

results based on' this method.



10, Applications of Lilguid Crystals

Chafactefistiq épt;cal and ﬁhysical properties
of 1iquid crystals eithused technologists to find their
practical applicationé; Cholesteric liquid érystals
have the property of feacting to the temperature changes
by change of colours and find use in medicine and in
industry. They are used for measuring iocal rises in
skin temperature (139), to oubline tumours, to pinpoint
the location of placenta, in nen-destructive testingﬂof
materials,'in analytical tool to detect the pfeseﬁce of
small amounts of gases or solvent vapours (140), in liquid
erystal thermometers (141) and in publiecity materials and
toys.

Recently nematic and nematic-cholesteric mixﬁures
of substances have stimulated progress in electronic research
and industry. In the liquld crysta;line state,'comﬁounds
with nematic mesophase possess the ability to scatter light.
on the strength of an applied electric field. " This
property is employed_po convert information from an

electrical form to an optical forn,

10.1 Liquid crystal display devices (142 -~ 145)

In recent yearsa large number of devices utilizing
nematic and cholesterie liquid crystals are produced, 4
liquid erystal device differs fundamentally from an
electronic display device such as cathode ray tube,a liquid
erystal devlice generates no light of its own but it
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scatters light. Such a device offers two advantages (1)
since it reflects light instead of generating it, can be
viewed under a wide range of light conditions including- '
direct sunlight or a flood light, (2) since the liquid
crystal devices do not emit light, it should require
relatively 1ittle‘power,

- A liquid erystal device (cell) is made by
.sandwitching -a liquid cr&gtgl mixed with.semQ dopent
between two glass plates which are cpatpd bﬁ some
electrically conducting transparent material such as tin
oxide, By applying the'electric current (10-300 voltis)
to the plates the llquid crystalline molecules can be
oriented in the desired mannér and cell beccmes
‘opalescent. When the field is switched off,the cell
génerélly b;comes transpaieht again within microsecond.
Some 1iquid crystal éystems remain opgiéscent even after
the electric fleld is switched off. The opalescent
isystem becone tran;pgreht whén a'high frequency voltage
1s4app1ied. Thislﬁhenoﬁenoﬁ is used to produce memory
storage devices, Liquid crystals may be used to provide

& thin screen television display,

" New uses for 1iquid erystal displays are rapidly
emerging in all afeés df'application related technology.
A large volume of published materials is available on
the application of liquid crystals (64,135 - 137,145),



