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1.1,

The t@rm.liquid orystal was not known 40 us belore

1888, Reintger’ *? 2

and O,Lehmenn observed unusual'melting
behevicur in certuin orgenic cowpound end it was ¢.Lehmenn
who designated & state of matter thet is intermediate between
g0lid crystelline and the iaatrn§i¢ liquid phasé,in 1820 and
used the term 1 M"Diguid Gryet&is". Becomuee of their interme-
di ate nnture liguid crystale &ré 8la0 cplled mesmophsse or

nes¢norphic Phagaﬁa.4b

thet lies between the rigidly ovdered
‘501id phase where the mobility of the individusl molecule 1
reptricted end the imotropic phase where the moleeunlar mobility
and a general lack Qf nolecular oxder exists. On resching a
certain tenperature the s0lid undergoes transformetion inte s
tuﬁbid.oonditiom, where there is no correlation hetween the
éirections or centres of mass of the Qaleculaa (s in 150~
tropie liquid), but sdopis a structure wherg although
Fxmxex F-dimensional lattice structure ieg broken the mcle~
culem etill retain some sort of order regarding direction of
their long sxes that is both birefringent and fluid, At &
bigher temgeratﬁreg celled the clesring temperature, the
turbld condition disappesrs ang the.isctrapic liguid state
ie formed. Thege changes take ploce in reversme order on
cooling for most of the liquid erystelline subsiznces.
ﬁlmﬁsﬁ.all liquid coryetelline meoterinls ere organic com-

rounds. Several thousende of crgenic compounde sre now knows
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to form liquid c:yutnls4'5¢ KclkerG has written a historional
sunmary about liquid cryatnla./ﬁumaxoua review artioles have
been eppeared including thone of Sragg7 and Brown & Shona. Some
sther reviaew arsicles and hooks on liquid crystals arc also
referred hereg'47 whara detaills about various types of liquid
oryatala, thelr theory, experivental data and anpligations are

givean.
1.2 Cla asification of liquid crystalet

The two major categories of liguid orystale are iden-
tified ae 'thermotropic’ and 'lyotroric’. Thermotropic liquid-
crystals are obtained hﬁ heating certein chemical compounds,
Lyotropic 1liquid crystals ccour in solution, The best knowmn rep-
resentstive of this group are aquecus scap sclutions. Howsver,
we will not discuss about lyotropic liquid erystals further s
only thermctroric liquid crystals concern us in this thesis,

Therzotropic ligquid crystels ere obtsined when some
crganic eubstances sre welted. They are formed st the stage of
melting wher insufficient hemt hes been supplied 2¢ hring shout
the trensition into norval isotroric liguid.

Thermotropic liquid can be claspified into three types -~
Kematics, Smectiocs and chelestericu’a. The clsmaification system
proposed hy Sackman snd CQ—workerq19 wee expanded by de Vrieaze'gl
te included three xinds of neratic, ™wo diclesterices, eight
distincuiehadble smeetic phases ranging from A to H, A columnar

phage has alsd been recently cbeerved in certelin dise like
moleacules,



Hematian |

The word nemstle ecomes from the Ureek word thread
avd refeva to certain thresd like defacte which comumonly
ohgerved in these materials. Hematle 1iguid aryetels differ
srom ordinary iootvople liquid by a long range orleatatioral
order of the long axes Of the rod like molaoulem i.e, the
molmcules tend to mlign parallel o a pnefarred dirvection n
'usuaily 42x colled the director. The preferred direation
ugually varies from point $o peint in the mediuwg. Hematio
1iquid orystal has no long range trenolationnl order, i.0.
there is no long range aqrrélaﬁiqn of the molecular gentre
- of mesa pae&tiene-én& thus the n@m&%ie‘phgae ie f&gi&. Mg, 1.1
shows th@lécﬁamamie representation of wolﬁuulea i nematie
and isotropie pheee, The molocules exe sllowed to réﬁate freely
about their long exias. In the state of thermel aquiliﬁmium the
pemati ¢ phase haa the exie of aym%e&my'whieh is identiesl with
the director direction. ﬁegatic rhese 1a optienlly ﬁégxial. The
repptic phase is mobile end merkedly effeoted by the external
fielde and forcesi the molecules therefore pospess o high
degree of mobility end are capeble of rotetional movement,
Acapmﬂing +o the mplaeulaﬁ gtatinticonl theary of Yaler end
Saupeaa the anisotrépy of the moleowlsr polariesbllity is
regponsible zbr the ogourerence off the liguid aryétalline rhese.
The reletion between molecular structure hes been discussed in
detalls by Gray gn&‘wins@rﬁﬁ ‘and Jen erd Van der Veen?t,
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Holecular ordering within & classic nematic phane
i cuch that there Lo no reguler srrangement between veigh-
| bouring mblenulas. de Vrieazﬁ‘eﬁ hag propesed more than
che type of namatic phage from his experipential obacrvationms

nanely -

* (1) Hormal Hemaiio phaga,'
{2) COyvwotactic phase, and
{3) Skew cybotsctis phase.

Smecticas
Al srectio liquid exystals have a layared sdructure.

Zhe contre of gr&ﬁity of the slongated moleculss are srranged
in equidiatant loyers. The long axes of the moleeulen are
marallel 4o 2 preferraed dlvection n which may be normal to
the plane oe in cese emectic A (8,) (Fig. 1.2 a) or #lted
in ense of smectio O (Sg){Pig, 1.2 b}, The arrengement of the
eentres of gravity within the planes nay be regular or at o
randor in the limeid like feaklon. The thickrnees of the lgrer
ig of the arder of the length of the free molecule. The ine
 terisyer attractions were wesk sz compared with the lateral
forees between the molecules and in conameguence the layers
are pble %0 éliﬁa over one snother eesily.

 Information sbout the molecular ordering has been
obtained {rom X~fay snalyeis. In came of - &, and &, the
centres of mags of the melecules in each leyer mey be srren~
god randomiy. B8y phese differs from the 5A vhese by the
fact thet in Sp type the centres of mass of molecules in
esch layer form & two~dimenedcrel nexagcgal closed racked

atructure; [ Fig-12el



]

IRIRRETR
ﬁn‘x“un | 3!

e
onacrcren
-
SOy
PRI
TR
p— ]
——
—c—
[
’ D
eeconro
omm——

Figs 1.2 ~Schematic representation of two types of smectic order: (a) ‘smecdic
L - °
‘der; smec rder,



(b)

(a)

(a) TWO LAYERS (b) SECTIONS IN THE
BASIC  PLANE, THE ROTATING MOLECULES
HAVE CIRCULAR CROSS  SECTIONS. -

FIG.I.Z(C).STRUCTURE CF HEXAGONAL SMECTIC B.




The verioug typen of smectlc phase have been identie

field by %exture analysls in a polarizing microscope, loly-

porphien in sneotic phasg is obviocus end the olessl fication
end chersoteristics of different phrges hove been dnvestlgated

Qﬁ.ﬂﬁgﬁﬂu

by Hackmen and meny workers A% least five other dls-

sinot modifiontionge have been identified. Thene are Sﬁ Sg SF

Snectie phases can be arvanged in sequances

B f0110w535
By
59
8g
Sy
Uy

BP,6.H, ...,
where the lowar temperature phase atand further %o the
right. '

From reports of recent workena 039 the existences
of somy other smectic phases as Sy, B; end 8y are aleo
found. 8Since £ in the present wémk we are concerned with
only 8ﬁ and Sﬁ phnnge, detailed d4iscuangiong of aﬁhér thoses
hes beon omitted.



$holesterics

In 1888 Heintgar *0

rapbr%eﬂ the syntheais and thev-
nal behaviour of aKseriee of cholesteryl esters. Among these
avae the first recognised example of Yiquis cwvetals, specifi-
eally oholegteric liquid erystals,. Cholesteric liquid ecrysiale
gre denorinaied afMer cholesterol since nany cholesitercl esoters
forn type of liquid crystals (oholesterol itaalf‘exhibita no
- mesonorphic phase) . |

_ The cholesteric mesophese is aleo a nematic type of
liquid ecrystal ezmcept that 1t is composed of optieslly metive

s 28 8 twigted nematic
Pig. 1.3, The cholesteric strucfure hes & sorew axis super
inposed noreel to the preferred moleculsr direction. The
atrueture of cholesteric liquic erysial is periadic with a

7t

spatial poried glven by L = Al

The sign of 9, (the sign of rotation of the hén..;s,;%.)
may be left hended (type "leave”) or right hended (4ype "dextro®)
and 1ts memmitude determines the spaitisl period, Witk infinite
pitek, 1.6¢ 9, =0 a chmlﬁﬁéerie liguid erystal is nothing,
but @ nemstic liguid oryetal., A necesmary oondition for the
formation of the cholemteric mesophase is that the molecules
gre chiralic, &Another 4ype of liquid crysisle was discovered by
Chandrecekber et 8143 tho columner phase, where the molecules
are stacked in columns end aso the plane uf'tha_molaculea‘are

perpendiouler to the director, but in serlier ceses we have
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observed red or lath like molecules with their long exes

44. However, we will rot digcuss eny

perallel 4o the director
mere sbout this aélumn&r rhase here. -
| A liguid oryetelline sexple pey pOnsess LOYe tﬁan cne
ﬁeenmcﬁphic vhase i.e. smectic, nemetic and choleaterics,
A typical example for a compound forming & smectic
rhese is

pe{p' = thoxyhenzylidene smine)-ethyleinnenate

csz@ cH = N ‘—@CH: CH — C00C,Hs

which has the followlng transition patk sné iemperatures {in °og)

SR — 56-*_:i SAT— N zT— 1
81 185 1565 159

« 45
The abbroviationg used ave defined as

0 « Oryntal
8 - Smeotic liquid crysiel)
H ~ Hematic liquid cryatal
Ch- Cholesteric ligquid arystal
¥ - Amorphous igotropie iilgquid.
Any substance pospesaing smectio and choleaterie phases hag

the followlng transition path

' =5 = Ch =33

Hamatic and cholesteriec phases do not occur in the
sane aanple though cholesteric can undergo & transition $o

nenstic phase under the action of eleoﬁria oy negmotie iiei&.



Formally in phagse transition the higher htemperature
phage i less ordered f.e. more gyrmetric than the lower tege

46. However, ns o counter example, the yre-

peraturs phase
entrant nemgiic pbase&7 iz one vheére the more symmmtric
phase xe¢éc§uring at & lowor temuerature than the lems ayrne-
tric smectle A ph&ﬁe¢7a. _

It wee discovered by 01 031 6?7 thet binay wixthwes
of certain mesogenie oyano compounds that exhibited the follow-

ing trensition path during cooling
Isctropiec ~ Hemptic -~ Bmectic A ~ Bemnidice

The low temperature nemetic phase below the snectic
vhase ig crlled re-entrant nemetic pbaaeéT. At eleveted 1pre-
aauré O1ecin et 5198%% pave cbasrved thie phenomenon,

A mechenisn which lead to the veentrant nematic at
lower %amperaﬁura hewm been oxnplained by Gla&iaﬁa. Eecentiy
the repntrant nemetic phese has been ohgerved in aone pure

51452,53

compound s and thelr miztures at eitmespheric pressure,

. {02
Reentrent smectie pheses have almo heen raporied.

1.5 Chemical Conetitution of Mesomorphic Compounds:

The molecuvlar srokdtecture for thermotropic liguid
crystalline compounde is generelly 1wo or wmore planfer ring
ayetem a.g. ercuatic nuclei {or mere rarely hbetercatomic eng/
or cyeloslirhatic) joimed by cenlrel lirtege snd kaving app-
ropriate flexible terminel groups like =

Y‘—©—®~©_ v

phtruoture 1.1,



where X represents the centrol linkege and Y & Y' the
terrinal groups (mostly elkyl or alkoxy cheins) mey be seme
or different usunlly on the long asxis of the molecule. The
lterminal groups frequently determlnes which mesophese will bé
absarvedgs.

It io evident that intermelecvlar attractive forces
visy an,imgartant'mﬁie in the mesopbsee stability from the
fact that the various mesophases differ from eech other end
from isotrepie 1igquid by the degree of freedom of moleeulsr
notion. The long renge ordering of molecules would more clearly
be encountered more often s the molecules become less spheri-
eal in ahape; Thus 14 iz more evident that the wmesophoses will
be observed more easily for roed like moleculea, fhﬁrm&l stebl- "
1ity (i.e. the pexinun temperature of the nesomorphic substance
at which the partiouler liguid orysielline behaviour is observed)
of the mescphese ie favoured by the meleculer rigldity, permgie
nent digaleé withip the molecule ard & high level of moleculay
polarizability‘alang the leng exis of the melecules in addifion
to the molecular shape (ligear molecule i.¢. considersble lon-
ger then it is wide). Geperslly most of the molecules contelng
mul¥iple bends along thelr long axia, aromatic nuclei and either
polar or long chein terminel groups (ss shown in structure 1.1).
In rddition to thatmeliing point pust not be too highk, otherwiese
am}y gupercooled neteptable mesophaaaa be Pound monotropleally.
Menotrordie liguisd orystals ave those formed by cooling from the
dsctroplic state, o mesomorphic stete is f@rméd below the melidng

terperature of the ligqudd eryetel (i.e. euperccoled rvegion),



but when the crystnl melts directly to leotrople giate on
heating. The other type of mesomorphic rhese formed hoth by
heating the orystel end ceoling the lsotropio iiquid ia
called enantioctropio.

Thus an assentlal reguirement for the sesomorrhise
to occur‘ia that the molecules nmust be highly geomgirically
snisotropic {i.e. the intermoleculsr forces ere also likely
to be animotropie), ususlly long scd nerrow,

In structure 1.1, the erosetic rings ere joined by
g central grouwp L. The ercmetic nuelei ere rigid, polasriszable
and ﬁianﬂar. Hegophase ig forzmed if the centrel groups that
Joina the ring ie iteelfl zigid in npoture, €.z involves o
multiple bond, & syveter of conjugete douvble hondas or e ring
fﬁrmeﬁlﬁy diverizetion of cerboxyl groupe end if the ringes
are parssubstituted. The move extoended the wigid éentral part
of the molecule the wmore thermally stable the liguid crystal
‘will bhe, The two rings and the central grouvp shonwld oconstitute
e leth or vod like core of the molecule.

Folloving the strueturel prirciple Vérlender firet
forpuliated the list of the kncwn meleocular bullding blooks
in det%;ggu

ﬁ@mmon.oﬁn%rﬁl linkage of peesogenic cowpounds of

structurs 1.1 ere shown sg Follown- o
o FYEd HO
o N
-—C/ \c__ . = CH = CH-~- —CcC=C -
N\ OHes?
Acid oliwners Olefin Acetylene
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O
AS_ Steroid Ajometh"me Nitrone
—N=N- . —N = N~ —C-0~-
,A 0 | ° g
5 _ A50§y Esters

The aromstic rings sre sometimes eonnceted
directlysv as in

4=cyano-4’ -n-pentyibiphenyl

Here € ~ ¥ = 22.5°C amd ¥ - I = 35°C,
Yhen an additional phenyl ring is added 4o the rigid core
inereasing 14s length forms the substance.

, ¢~0yan0~4'~n@egtyl$§pheﬂyl» the memomorphic behaviour
is greatly imflu@geed.

A Ta=a =

€ - N = 130°C, ¥ = I = 239°C,

Gray bse diecuaeedsg severgl other exemples how the
lengib of the molecule can be increased and in consequence
the anisotropy end polerizability by =@ extending the rigid
core stricture. The thermel etebility of the meaobhaae ing-

reames by this procees.



Beesuoe of letersl stbrmotions the popeibilidy of

. farm&tién of e leyered arrengexent lnoresses 8@@ to the exis~
tence of dipoles ecting transverse to the meleéul&r axisss}
Sze otic phowesn are expected to coowr from & layersd crysinl
lattice 7., .

The effect of broudening of a molecule hy introducing
one or move substituents ihlplﬁee'cf hydrogen along the alde
of the core structure is gven in detedl by &raysg. '

¥hen hydropen is reploced by substituents the moleculs
is broadened reducing anisciropie polsrizebility and conce-
quently the intermoleculsr atires tion.

Young ét.also ha& studied the followlng

etructures
A Y

7 N\\_ .0 c,H
D g S S

B , Structure 1.2,

and feund a.eﬁetematie decresgae in V-l temperature ac the
nunber of GH3 groupe intreduced at ypositions AR, or ¥, &
was increasad. o

To obtein s mesopbase it ie generally (but not essen-
tially) required ithat the terminel group of the molecule con-
tain permanent dipoles. Uther than gex smectics 1f a terminal
ﬁydrogea is revicoeed by o svhetitusnt the therssl sisbillty
of the mesophese is lpereased generally. It was established

by Gray3®5?

ﬁhetvthelplata of transition tempersture veraué
the number of cerbon stoms in n-alkyl groups of a homologous

serieg gives aome smooth ourves theugh the meltlng polints do
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not show any regulerity.

{a) 80 enlled add even59 effect in obtained when we
find that the Nl fenperatures £it in two ocurwesn, one for
evaen and the other for odd numbers of carbon atoms in
n-alkyl chaing. The H-I denpsrature alternates 8s we pass

on serimnlly to 4iffevent wembars of the homologone series,

{v} With inereasing chain‘lang%h the mesophaeé to Lsotropic
trangition temperatures ususlly folle. There arq&xoepticns

to thig rule, poseibly becauvar the aromstic muclel in this
caseas 4o not adiopt coifplanar conformation, end so deramini

ef one molecule ey interscet atrongly with one of the rings

of ancther moleaule giving rise Yo sdditiomal attracticns.

The theyrmal etebility of the moleoule indremses because of

the inoresse in additional skised attr&h%ien when the length

¢¥ the terminel group increases.

{e) Trhe plot of the clesring peinte of swmeotice and
their traneition pednts to rewatics vetelly reaches &
naxicum 2t & woderate chaln length snd decreeses graduslly
with fhrther elongetion of the chein, Hormally no distinet

odde-gven effect 4o ohserved in this point.

{a) In B homologoue series, amecties are rarer with

- shorter chains. But becomes more comson with longer chains
ineresnoing the nemetic thermel stebllity. longer molecules
are prevented from slidlng, favouvring the formetion of
sucetic phase, whereas the flexlbility of Jonger echaing

generelly hinders the perallel orientetlons: Chemiesl conee
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#itution of differsnt mesophasas are listed by Helher and

1.4, theories of Hematiec Liquid Crystalss.

Before starting the deduction of molecnlar mean
fiald theory of uwosophases the ternm "Order Farameter" pust
" e explained,

% has besn alrendy siated that nenatie liquid orvetsl
i ffar fxag.ardiaary igotropie Maquid by a long range orienta-
+ional order of the long asxes of the rod like molemules. In
any system in whieh long range orientational order eximta;
for conveniencve, it is cugtonery %o intreduce an order pare-
meter, & quantity that wenishee in the disordered isotrople
rhaese, but ie dlfYerent from zers in the crdered rhase and
will be uﬂi%y'mhén.tbe golecules of the subsience sre perfaoily
ordered. %hue~a.amitahle’@rder»p@ramétex which describes the

ordering In & nesstic phese must be defined.

Order rorameter -

In & homogeneougly ordered nematic licuid crystnl
sgupleg the long exes of the molecwles are all elmest para-
1lei to the preferred direotien which 1o vepresented by n
the director, Aesuning the moleculee as rigid rods, the
crientption of & partlicular molecule with reepect tc the
director B (taken te be the @ 4ircetion) be completely
defined by three Pulerisn angles O 9<F & Y ,(Fig. 1.@-(&9.

Due to the thermal erergy the individuel molecules or emell
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greure of moelecules tumble. a.mm the vreferred dlwection,
The efficiency of the molecular ovlentetion in the nemstie
rhase along n  oen be danmceribed by 8 single ovder para~
meter. I% is flmo nasuned that the diraector n end -n
are equivalent and the nolscoulen are eylindrically sysmetrie,
But in practioce none of the above aspunption ém sirictly
realisable, d.e. (1) moleculen are not perfeotly »igld some
flexibility ave a;léu there (14) 'r's' and -f are not equivee
lant i.e¢ head and teile of s nolecule .em be digtinguished
in some epneg. (11i) The molecules are move lath-like thon
eylindricsl.

Considering thet devietions from the 1demlised casge
are suall the molecules are pesuned to rvotate freely around
the long molecvier sxee. In order 1o mnintain the cylindyie-
’ee.vl pympetry w.ar’ﬁer gould éxi.aat for ci> and Y end wder
t“he most aimrsl%“éi conpideratdion O  becomes the orly quan~
tity that chermcieriges the orientatlcnal crdering about
the é:i.xrecfr-ar I |

Simple etalay form of order peremeter for nematic

is defined as

(B> =L (5¢wior=1) =(2s9)

The brakets indicate the ensmemble sversge l.e., the averege
is cerried over gll the molecules, Pg ( Cos® ) 1ig the
Legendre pulynomial of the second order. P&' = 1 for pere

feotly perallsl aligpment {(1.¢. O = 0) and i{"‘g = 0 for



randon orientation of melecules (ipctropie phage). In the
nematlie phase it bem an Intermedisie value which decresses

repidly with temperatures end drops ebrupily to aéra &% the

pemptic isotropie @oiﬁ%' Tﬁx in a weak firat order transi-
tion.

Thé crder of the phaoase tremeition 18 related ke the
degree of abruptress of én&aga in physical preperiies wid.ek
taken plece during a& phaée trensition, In a firgt order tran-
glition €.g. melting or condensation away from the eriticsl
point there lg & finite jump in the emihalpy, the entropy
and in the 1st.dervivetive of the free energy. In & higher
order %rénmi%i@n, however, the emtropy shunges is eontlnuous
aorc g8 the transition. The nomatie -~ igofiropie phasge trangi~

“tiom im & 3e%. order with & smell latent hest. For thie rea-
% sore it ig often called & weak 1st. orfer phome trensitlion,
Buch trensitions ore gererslly eccomparied by pre-bressitional
effect which are the chearseteristic of the 2nd. order vhase
tranglition and ore not usually scen at 1st. order transitions.
It is the weskness of the forcep respongllble for the long
range arieﬁtaﬁimﬁal ardering ae refleoted ln smell chenge in
enthalpy, that gives rise 1o the pre~itrsnsition effect, A%
nematic isotropic tr&nsitiéna the forces yesponsible for long
range orientational ordering dissppears. Yecauvsy of thie pre=~
tronsitione) effecte sometimes confusion srises io the 1et,

oréey phase itrensgition of nemsiice phase to 1sotrerpic phase.



Ohandraseithar could show that the J-I transition
is alweym of the 1at. order, end there nlueye remalns o
ahort range oxder in +the jsotropic phasme in gplite of sudden

N 51
dlsappesrance of any long vange order a4 the olearing pmimﬁﬁ .

Holecular feld sheoriens for nemstic wegophasesls

Ag ecariy as in 1916 ¥, ?ornﬁa proposed the flrst

rean field theory of nemgtic siate in which the nedium has
haen treated ss an assembly of nermanent electric dipoles.
Yhen the temperature ia lowered g tranmition from en iectropic
t0 en anigsotropic phase i possible. Thig result ie however,
only quelitative irporience beoauvse 1t iz now esiablished
that the perpanent dipole momente are not necespery for the
eximtence of liguid cryetels. According to this theory the
sligned phase shcould be ferrcelectric, which in fact does
not appear aven in poler molecule, Heler anad 8au§353 have
developed & stetistical theory f@x-tﬁe'phage tronsiiion in a
neratic liquid erystal. The thecry says that the occcurrence
of liguid ecryatalline phase iz due to the enlsotropy of the
rwolecular polarizebility. The theory is meinly Yesed on
Tnene sspunptiong - (1) %he mélecﬂlea intereet through an
pttractive orientetion dependent Vander ¥aels intermotion,
(11) The orientation dependent interaction docs not effeotd
the configureticn of +the centre of mess sed (141) The wmean
field ap@roxiw&%imn ~ eath wmolecule 1o assured to be in an

average orientating field due t¢ its environment, but ctheyr-
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vige uncorreloted with tts reighbours, As e result & given
pelecule feele sn ¢ffective potentiel of the nmean field op
single wolecule potentisl or peeudopotentisl .

The interaction potential between the melecule 1-& 2
is teken ez the eterting polwt for the derivation of peseuvdopo~
tentiel for e rod like moleoule, The intermelecular. pair poten-

tial vig i g Tungtion of Tive cd«@rﬁin&&eaﬁé}

v’? = v12 (T ® Ql b ¢i A\ 82 » CPz_) cons

¥ig. 1;ﬁ.€b> represente the 4ifferent coordinates required

to degeribe the intersoition beiweer a2 peir of pasyrmetric molew
cules. There v da the eeparation of the cgntre of g2 grovity
and Q; b: . ¢ | sre thres fulerian angles. PSinece,

in cese of nematics the molecules have no ordering about
their long exis the angles V. ere elininated.

?cplees expdxk expended the twe bedy intersection poten-
tiel as

V12=V12(—~( » O » C?)'o@zaci’z }

¥
— ' O b, o,

:47 ZuLle%CY') YL\MC .;F) \(T—zm ( 9 > 4’2)
90 (‘3
where hYng,CS)q>> sre the usual sphericel harsonies.

fhe expreseion im convenlent boosuse 1t mot only
seperates the distance snd snguley part of the potentiel, but
in addéition 40 the expapmsion coefficient tiq_ﬂ_zqﬂlﬁf)

are found Yo decrease rapidly with increaeing b, and %@.
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tn order to derive mesn field approximation to the
potential fivet we hove to express V., in terma of polaw
co-ordinete syatern bhasad on ﬁha'direaﬁar n as the polay
axla.

The rotation of the wolecule 1 and 2 is required
and uathematically rotation of fhe coordinate nxes transformg

the ﬁyherieél’&arﬁoni@ inte the forn

Nl$) = TR N (0w
b

L
where Dy, are the elements of ¥igner rotation matrices.

Therefove aqn. (1) oan be tyansformed using Vigner votation

66

matrices from the coordinate syates eontalining the inter-

nelaculay veetor o this spatial axio gysten we get

—_— - . oyt ¥ ol g
Vio, = 4%)_ LHqQﬁNGO\QﬂP(Q?') Yll%(9z72>

Lo by PO‘/ L L K-
(Dp ) (D ) wee 13

Frimed angles reprasents the orientation of the nole-
cule with respect t0 the new roiated coordinnte systdn {mpace
fixed avordinate system).

Fpeudopotaential from the prirwise intermoleculsr poten-
gl can be gvtalned bHy daking thrse averagﬂaﬁé. Fiyat average
ig over all orientationg of ﬁha intermoleculer veotor Y in
the spetisl coordinste systen, then we average over gll orien-
tetiong of the moleowles 2 {which has inflvuence only on the
spherical hermonice in é%:, P53 ) end finelly we sverage

‘V12 over all valwes of the intermolecular separation |~ .



fhe potentisl obtained after teking the above mentioned

Aaveragnm is glyon an

-

244 Yy = UL T R (0D my ()
Lo

vhere ¥FyS are the Lth, order legendre polyaomials. Zhe desi-
red single wolecule potential in the mean field approxirmetion,

vhich onn be wrditian by drpopping the é@mea 8%

Vi(ese) = 7 u, <Ay A (o)

uL = Z <uLLWn~,""(Y)> ces (5)
m

Since for nost nanntie liquid crysdalg divector directions n
and -n are indistinguishable, averages over all odd powers
of Jos @ wvanigh, then only the even wvalues of T are ro-
quired in sguation (5}, B = O tern heing & neve additive

conatent can be neglected. The eqn. (5) can be written as
Vi (3€) = U, <R YR (ts0) + Ly Py PylCs®) +
ué <i>é7 %CCﬂ@)'i'""oca (6)

The eguetion for the paeudopotential ig equivealent to thet
in the Haler-Saupe theory if the summniiong are roatricted

to terms with L = 2 i.e. the igt. term only in equation (&)

Vi (ts8) = Uy <Ry T (s ©) TR
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hecordingly %o Humphrie et alm if we conglder the
true cylindrical symmetwy of the distribdution funo thon for
the oriantation of the intermoleonlar Veetor the gingle wole-
oular potentinl will condain the terans which are pz:og;c;rtieﬁal'

£
</u-1_\L_2% C'Y>><PL, <PL2>:‘ -+ PLJ_<PL_|>>

Thus the equation for pseudopotential is equivalent to that

in tke Maler -ﬁ%mzﬁze m@any69 if the suwanntion arve rosiricted

+0 tern with & = 2,

Oetentast zgg di gtribution funcvion ( (Cos GD)

Qrientﬁtim&al dimtribhution function C\o QC@S o) )
gives the probebility of finzding e molecule whole oxis nklten
an angle O with $the director n.

Orientational diefribution funatlion corvesponding 4o

$he gingle molectle poftential has thae  form
\F Q) —= Z'_‘ 0. [._ N C Cs= @)J 2
A (c=9) = Z, &P P ’ L]

o _—
= jo{”? ["FV‘ (ema) ] Aleme), eer (8)

where O, im the single solacule pariidion funeition and
(Z = T|<— { ¥ in the Boltsumenn's conatant and ¥
g the “tet:aj:sra ratire in ahpolute unit).
| Since hoth “1?1. and fl are even functiona of los O
ps n and -n are indistingulshahle over all possible orien-

tatione amn be rvesinicted 4o O g Goa O . 1.



The orientationzl order paraneter hes already been

defined ag

L =t (sdeer) = (g leme))

2

Thie holds elther in time oy m;}aeé average. This is
one of the eerliest definition of the orientationnl order
»apanmeter which wan given by Zwa%ﬁnf.ﬁg in proposing the
geni empirical theory of nemntogeno.

In eqn. (7} and {8} tha functions V, ond hence
containe the opder parameter < B> vliich 18 a8 yet undes
termined fanotions of tenperstures, a0 average valuess cannot
be calonlated fram the eaua. (5) end (7). Its temperature

dependence can bé obiained ae followat

<R> 1is the average walue of Lth, DLegendre funce

tion for e given moleoule. Therefore, from eqn. (7)

@ - [Tls0 gl ae

conbining thie vaqm.-ticn with eé:z.. (7) we get .
1
[ B (eos6) exp [“[2’\/‘ (@“’3@)] ol (eoss)
Ry = |
<’ ' emep [- PV (ess8) ) d (eese) oen (10}

which i8 g eelf conaladtent equation Ffor the detemination of

the temperaturs dependence of <V -

Prom a gimulteneous solution of equatione (6) eng (10)
we get the tempersture deyerndence of all the P s originelly
included in the petential V,. For I = 2 we gai. i&:-;e-soluti on
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of (B> end from the sclution of (%> we get the traditionel
crder parameter in the neoatic phege., By = 0 is at all tenm-
perstures which is eifmrﬂ@red noreel isotropie lilquid phase;
below certein temperatures dﬁ-tem ned by KT/ ¢ = 0,20084, 4wo
other solutione sppeayr, OF the three solutions below the oriti-
cel tempereture the one which setisfies the thermedyremic ¢~
diti on of minirmum free energy will give the steble phnoe,

The free e;mrgy im plwn by P = B - 98, ¥here £ ig
the internsl ensrgy and 8 <the entropy.

For & syetem of ¥ molecules we have the following

expresgione for ¥, 8 and 2?'64’.
¥ e ll vV =

~'ENL’~ ZL_.ML<PL> .7
3s - Nk Iy =12

Pobodalkadn? -

It ie Dund thet for ET/\3 =0 %0 BT/ = 0.22019 from:

the condition of minimum free energy (64.e) ( calewleted by
using the cbteined <{F ) veluee for esch ©) the positive
velues of <R> (i.e. the molecules terd to elign perellel
to the director) gives the stemble nematic phece, While for

T oorvesponding to E&*‘/(\}> G, 2201& the solution <PZ> w O
gives the steble lsotrople vhese . (B decrenses from unlty
to 0.43 frem ¥ =0 t¢ P=0,22019 (\}/k end then suddenly # decrea-
ees tCc gsere [<B_> =0 ]aiz T=0.22019 V7, . Accowmpanied by latent
heat of trancition,discontinucua entropy and volume changes, &

ist.order tremition from nerstic o isctrepic phsse inkes place at
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this tempereture (Tﬁl}‘ Lo the fenypereture is lowered down
in the nematic phese, hewever, the substance stieins emectlie
hese or 80lid eryetelline phasé long before LB esn atisin
the value of wnity at abaolute mero. This theory predicts
that (B is eame nt Tyy for all substance®,

It is obmerved that the mean field theory of ¥alare
Saupe is obhtained by the ra%anﬁimn of only the tst. term in

the equation (6). Haier and Sauﬁesg

firet attenpted 0 aluei«
dete the nature of intermolecular forces in nemstica. The
cherncter of which ie gontained ln the parametor of the one
wolecule potential V, (orientation dependent pert only). It
wae assuned by them that the nematic order is nainly due to
dispersion forﬂ@m(ﬁ.e. ! induced &1pole-induced dipolel. ¥rie

reatriotlon givaas&.

Vi =A< B (Gs6)

Whare, A is a counatant $o bas deteriined which is &
character of the subatance (relnted to the palaxisability) ean
be calovlated from the trapsition temperature 1f the molar
volune oFf the nemptic and &39trapic'liquiﬂ ot olearing polntd
ig known., ) ip the nean moleculsr wolume. This vmlume'dapena
dence comes from the Laat that e potential of ﬁispera}pn
force ia dependent om the intermcleculnr esspayation aaAfwhe~
ther between symuetric oy assymmetric molecules). It is

' -2
assuned fronm H.9, theary63 thet V¥, o Vo,



In their development of €the mean field theory _{
Humphries et alé? dectded the volume dependence as \Va 5 ~

peing an adiuntable parameder. Bxperimentel datab?

en the
pressure depandence of the order parameter of PAL indicates
thet V, ‘%1\}—4_ « fn the other hnnd g recant argument due
to ‘otte (refarred by Chandraaslhar .a) suggests that

thernodynsnic conalatengy of the nean fiald theory required

rQ}”‘ dependence, A forge Titting experinenial resulis

with theory however yielded values of §  in some canes '
whiah are neithar thermodynanmically aelf consistent nor the
values are expnngd 40 come fron tha congideration of dige
peymion f@rc@éfdepmndenca}.

‘handrasekhar and Hadhusudan 72 obtsined an average
of ,“9' dependence after cmlculatian considering to per-
manent ﬁipole-gﬁrmanenﬁ dipole forces, induced dipole—
induced quadrupols pert of 4 dispergion foraes.

In order to avold ell ihege ombigulties regerding 8
knovledge of volume depondence, it is preferable to assume
thet the coefficients of V, in eqn, (6) oxe iﬁ@egendenﬁ of
volume and o restrict the fittlng of the thearf'tm experi-~
" ment to a narrﬁw renge of temperpinre TF*' Firnlly different
forms of volume dependence may be included. _

Aeoerding to H.f8. theory plot of <ﬁ?§7 versus T/Tﬁi
ia o universel curve for 21l euwbetances. Experimentelly these
ere small but ayatematic'aerivetiens feom this curveaa'73
and the need of higher order terme in the potentipl funetion
hee been emphasized by Chendrasckhar et 2l'c snd Suephries

et 0157, ¥hen theoreticsl wlues of (%) and {F%) obtained



from M.8, potentisl are aam@ared'wi%h sone experimental results.

The temperature gependence of the (Ry and B> of
HBBA are deterwined by Jon et a1’ using Eéman Seattering
technique and found that <?%> values aye mich lower than
that predicted by H.8. theory and even negative near the tran~

- ai<ion, Kebinats et a1?$ in more receat work reported the
results of moassurenent of <) md <jz>>by reaonance Hownan
polarization neasursnents of all.tzans ' —~garotene dissolved
in HOBBA and 508 (utiliced as orientational probel. The value of

' <3E§> obtained for HBBA is not negative in their case while for
5 03 Thacomas negative (within experimental unceritainiity) just
before the transition temperatuvs. | |

Theae valiues of <= are also much lower than those
-predloted by HF theories. The negative values of <&y are not
predioted even Lf the higher ¢erm in ithe mean field potential
Is included although the inclusiosn iwmproves 4he agreement %o
gone sxtent.

Further ¢the long wavelength orientational fluetuatione
in 4he medium whieh diaminish the effective order pevameter and
thig has %ﬂ be takén into the theory according %o Buakhura%?é.
The eszumption that the ﬁﬂlaéu&e in 8 xlglé rod ig elso an
over ainplification. A vealistic caloulaiion has been mude
by Mﬁrcelga?7 of the contrihution of flexible end chain in
the ordering procesa, whileh st acoowrte for the alternation
in the transition temperxatures, the ordsr paraneter aud n%héﬁ
?elameﬁ properiies of the succespive mombers of a homologous

sarieg. Hecent theoretical work by Luckhurat?ﬁ ahows that



the affact of the flexibility of woleculas on order paraneier

is only marginal.

HoMillen's theopry for Bmactie A (SAJ

Contribution to the theory of #, 1iquid crystsls

have been zade by a nunber of i‘nvaesa'ﬁigatiszm?g“%. A1l the

treatusnts are extensione of the .1§aiew;$aix'pe6'3 theoyy of

nematicn. ferve we will discuss the theory as given Meilillen,
ﬁ’ﬁe Helillan Zorn of the aqingle molcoule potential

X )
ie deduced siarting from the Eobayashl form of the potenﬁal?“ 80

amd using the formal development presented earliarm’a’ 54,
The HeXillan model of the peﬁanﬁimm i3 given in -
the forn
| - = + m +
N (C«-ss@;?):——’\} ]:80{([’65—3(2/\2/ol> Ol
o s oes (272 /) B(G 9 |

The anectlie A liquld croystals posaess both orientational ond
translationgl arder. The centre of mass of the molecule fends
to Liée on 2 plmne perpondioular o the 2 dalreetion (i.e.

to the dizector). The molecular distribution function wmust
therefore deseribe both the tendency of the molecule %o orient
along n Fig.l’ﬁ(b)and :é'mﬁn layera perpendioulsny %o n. ‘The
distribution funeotion is thte a funethon of both Cos @ and

% and aan be expanded in & double series

H'S'CCﬂ@)'Z) =27 Ao P (Cos0) Cos C'ZT%%/QL> > onmel

L=O %:o
feremd
ol

o dz
J J fC&m@,z)I\(olcvse) =1 -

o



The aceffioients ALn ere found after integrating end
recognizing the definition of averages ©.

The ramilis are

oL

Agp = Py S , .
Aorn = ;\L— <(A‘>‘5 Cl?wf/d>> > (o _74:‘0) ?

D
AL :"2___,_::' {m Cu=e) > (L #0),
AL - 2;:] <F>1_ CCv;G) C Cos Czﬁ-nzét))- (.L)fr'v‘yé O)

In addition to the purely oricatational end translationsl
_ order parameter, the K % (eos e)}an& <Co: ' CZ/T ~E /oL)?
we Tind a det of mixed order parameiens,

<PL.. CC\T:;@) Cos (1’/77»?:/0\,)>

This/desoribes the correlation coupling between the
degree of oriantational and teanelationsl order. The $hmoe
order perameiers of lowest degrae in eqn. (11) of the 8,

vhagse hevo beon ggi{ran gymhols
= <R =9,
ff L G Cﬁz/d)?»

¢ = <P (&se) Crs (27\,2/4)>

(%
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In the igotropio phase, 7 = T = .o =90



 In the nematlc phese M £ O T=6"= @O
In the smectic A phase ')/L—#_D . T £ 0, SEO

For perfect order all three tend to unity.

1.5, @

In 2 large volume of o nematieo liguid crystal the
preferential divection n 4o in genersal not walform bub
changes from place to place under the sotion of diasturbing
forcen such as eaﬁﬁanﬁian £low, wall effeata eta. Héaav@r,
even large pemples oan hé gligned by both wegnetic and eleote
rie field. The field induced mligmment of 2 liguid eoryatal
iz & strong effest. Thin is due #ﬁ the partlcular imterno-
lgevlar fovces responeible for the weeomorphic state angd |
2 ed to & co~-operstive behsviowr of the molecules.

&n snisotropde dielectric or dlemagnetlic component
will tend %¢ al&gé such that the largest comyponent of dieleot-
ric or dismegnetic constents lie in the dirsction of the
applied fleld. Nemstic melecﬁl&s bebave ae dipoler ﬂﬁeﬂieé
with €, 7é 64_ Co(ql * 7&;LA } where £ end ?Q, ere die-
lectric and dinmagnetic susceptibilities rarallel and npepw
pendioular to the lopg molecwlay axis., Then € > G;LC%;”777KQD
the nerpatie liguid crystel aleng molecuwler ezis will tend teo
elign with the applied fieid, |

For exomple, p-methomy-p'-cyancbencylldencaniline g

& bighly polerizeble molecule wiik positive dielectric sniso-
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trony, l.e. € > &L J;.Ja shet will elign ite long nole-
cular axis with an ﬁpmlieé. Cn the other hend p~methaxy~p-
n-butylvenzylidenesniline with €. > €n  , will tend

o align ite long moleculsy axia perpendiculer to the applied
field,

Thin fims of liquid crystele u@tﬁliﬁﬁ/Aﬂﬂféan be
sllgned by surface generated orienting forces which results
frem‘phyeiee~ﬁh@ﬁiealhpfsees@aﬁj e.g. hydrogen bhonding, Vender
W&al%; intersotions or ¢ipolsr intersctions snd Yrom mechani-
cel intersetions se & result of the &nwaﬁetrmpie elapticity
of the HMguid cryatale 5

Ordered layems of nemetic phases upto sbout 0.1 mn
thicknesn can be prepered by aunéw&ehjngfﬁk@ liguid oryetal
ég'batw@em lat @1&&3 platesa., If the surface is rubbed with
& piece of cotion, @ﬁy@r or leathey @ nﬁmﬁer of times iu 2
particvler direation the moleounles are gligned in the dirvec-

85; &aignmmﬂt; By depositing

tion of rubbing (i.¢. homogeneous
sultable chemieal at porticular angle on the aurface the

- alignment can he made move unifors. Homeotrople orientatlion
{ perpendicular %o the surface) can elsc te obisined in the

85

sens wmy Eo%bpenemua oriented nanatle layers have been

naad for UV an& infrared apaatroscople studies s,

& veriety of, electro~optic eficotn of liguld erysiele
Bre besed on the electrie field moleculsr re-slignmeat. Using
the surfacs trogtnent o0 produce = maleculaf elignment which
is ocrthogonal to that produced by the applied field the mole-

culay reopientetions can readily be intereconverted within a
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rilligeeond reapé@é time, The slighment of nemgtio liquid
erystals by external electric fleld hee been yecently reviewsd

86 ?, Variation

by'Gray end wen firset cbeserved by Fré&dariekszg
£ the liresr birefrergence or light sbsarption {linesr dich~
roiam) ean be choerved by peorientating newetic molecules

with positive dleclestric animotropy (En> €0)- | ‘

Honliquid cryatelline dye m@l@cules mey be allgned by the
‘aemaﬁic.malaaulea 0 graﬁue@'ﬁiwﬁlay a@p&ic&tienaﬁﬁ.

Hematic Liquld cryétaiﬂ ean saally be:arienﬁmd by
atatic megnetie fiulde. Two cases have to be distlnguished
dependiag_an the sign of the ﬁiam&g&etié éﬁiaotrogy C7‘n7‘7£L>
of the moleculaes feﬁming‘tha 1iquid-exys%als. he arvommiic
nematogens ave exanples of ecmpsunaé with posgitive diamagnetic
aniadtroyy Tette { KXy — K >> 0. %he lbng axis of the;
molecule tend to allgn parallel %o the direction of the mag-
netie field. The nematic liguid exystals orient in the mngoe-
tie field H in guehh a way that the airvaabra of the sponte-
neoudly ordered domaings aéﬁ all alighad-uﬁﬁiermly in one dlrec-
4+ion {parallel to HY, In gencxal fiald strength of several
nundred gauss are sufficient $o produce uniforn orientation

i.0. monodonnin eample,

1.5, (b} Adigmment of gmeckiq phagesse

Heiboom and i}nzag

have e ghown that smectic liquid
gryatals of compounds which axhibit o nemadic and 2 smectic
vhage may be orlented uniformly by the»épplicaﬁiaﬂ of o nagnedic

figld im the following way: Tirst the nematie phase is oriented
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in the magnetic fleld. Then the sample 1o slowly oocoled below
the neratic to emectic itransition while 4% ie kept in the mag-
netic field. In this wey sll the three srectic phaseg A,E,C,
of X TEBA can be ordered uniformly.

1.6, Texture enalveis

¥hen liouid arysials are studied with a polerising
microsoope, they pre ususally observed as thin Tilme between
flass plates, |
Bomptioss

Op cooling from the emorphous isotropic liquid circular
birefringent arese appear at fivat in eaée of nematics, YThe
appearance of the textures thet form sfter the completed 4rmn-
gitions often depend econsiderably on the leyer thicknees.
Thicker nematic layers way show the typlesl thresded schelieren
textures. The well defined thresd like textures mey move and
flont éreund,in the sepmikay nematic, The term nematic refers
t0 theae featurem, being derived from the Greak word "nema™ @
threed, The threads heve cleetic properties. In thinner layers
the threaded texture chenges bo the scokliern texture. Hy a
suitable surface treatmert it is possible to obtaln flme with
weaf uni form moleoular elignment, A film that has been aligned
b atween the rubbed gurface is shown hy Seuve., ¥ith untrested
surface, the suwrfaoe effect nay produce en irvregulay marble
texture, It {s also possible to obtedn uniformly sligned filme
with the opiie axis normel to the pmurface.

Paeude isotrople textures are often cbiszined wifh
corpounde that form, in sddition to the memetic phase, o

: a
aenectic A phese et lower tempexaxuraefg.
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egn cocur in three textures,

Cholesteric Jiauid ory
Or cooling, eny ipotropic texture or medificetion can be
obteined first st the 1iquid to cholesteric liquid crystel
. troneltion, whioh et » lowsr tempersture changss 10 & blre-
fringent tvexture. Traneition point is not essily obeexved in
thin cese. There in other cesss whea the bWirgfringent texbure
i formed dirsctly, trensitlion can bhe easily ohserved. Elonga~
teé banann sheped forms mey appear first (veferred 1o sm &
batonnetel .

~ The photograph of birefringent ﬁf&e&lwamnieé texture
ef a cholegteric ghage ig givemzky-ﬁaupvgg. ¥hen the cover
gless is shifted feesl conic texture ie shifted to plenner
toxture. Wodge Chaped samplen, whon the surfeces sre prevered
for o parellel elignment, ehow & perticuler feature called
Grandijesn sieps ar<thraé6a. The varistion of plich is &ireetly
obaervable by the colour change in the senple that show ref-

lection colouvre.

Smecticps~

Typioal texture ohisined with smectio A liguid crys-
tals ere focel conie textuvres. The apresvance of the foeal
cople fexture is directly related %0 the foenl cenie layered
atructure of the emeotic. In thinner jayers the focel conte
tonture changee iis apresrance and gives the Fn texbtwre or
move securately the fen-shaped fﬁe&l»eg&ie textures. A ghift
@f the cover gless often chenges the fan texture suéaeniy to

& prevido-igotrepic fexturm.
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In contrast o nounticsm, # g alight ahi ft of the
cover glags has no optieal effects on a peeudo-iectropic
smectic - & film, This tyne of textwre can also form spone
teneously &% the pheee trensltlon during ecoling from e
@seu@a~ia@%rnpia'nﬁmamie..ﬁisapyﬁgéance of Brownisn poticn
cep only indicmbe the trensition in such cases. Smectic &
phosed showe 'batornstes' when it le ferwmed diveelly from
&warp%%a isotrople lgqui&, They fleat in norwsl liquld and en .
cooling they merge reaulting indo a fan texturs,

Typioal texturea of mmeatic ave the ‘broken fan' and
‘proven focel <+ conic textures, $Bsy-ara lepe reguler end
digturbed by edditionel dieclingtions in ce&y&rﬁsaa‘éith 8y
yhase.'ﬁeh&eren textores of emeetic § are elst cheserved
“which correpponds 0 pesudorotentic-isoiropic fexture of‘ﬁﬂ.
8% the trensltion from & normal isotropic liquid te S, boton-
pets sppear firgt to those &f‘ﬁa rhase,

The charpeteristic of liguid crysisls with structured
layer is the “"mossic® texture. The moght common smectic with
structured layer ie spectie B. The mosale 4ezture hos been
chbaerved with &y and slightly modified slso with other
sreoti ca with structured layers. A podification of fan toxe
tures and of Rehlierssn textures oan also be cbserved with
emectie B filme that eve ocbtained ok cocling from & 8, or 8
0. The poevdo-imotropie teztumwa4¢8ﬂ gloo be cheerved with Sy
the existence of the texbure shows direcltly thet the enrr@s;

ponding £y phase is uniexiel end hee upright loyers.



Fhotograrhs of all the 4rpical textures dlacussed
ahove are glivan by ﬁaugegiq |

Jemus o od Ric%emgg have discussed detd le éhaut
texture anplysis with several photograths of different mesd-
moyphic phoses with thelr typleal texburen.

Urdey paraveters of diffeyent mesophases {spscially
for nematiecs) have heen determined by many workera by enploy-

ing various experimenial techniques including &imm&gﬂeﬁic

i ’ w_w’A
aniaetrnmyjs optical aﬂiastrapygp*gé nagnatle resonance gpe-

otroseopy. Rawen ao&tt@ringgé'g?, infraved specirosco yg7, w

5, Himghauey ayecﬁmgaeﬁpygﬁ,'ﬁeutraa

g, glelectric aniaatrnyggﬁ,

o
and visible epeeiropcony”

8, yﬂaitran_&nnihilatiﬂng
Guest host in%erm:tiangg’ﬁgg, Rerey Giffroction ete. Comparison

anaﬁtarin5§

of these resulis with the Maler Sewpe theory is briefly die-
cusged in Brown's haokﬁgﬁ, ,
The deteils sbout 8ll the experimeniel {echrlques are
reviewsd by different workere C.  In thls thesie we are not .
golng 0 diecuss sbout all the technigues other than the use
of X-ray diffrsotion in &Q%ermimaﬁi@m of opder permmeters of
4i fferent nesopheses aaé-ﬁhﬁ orientation of &1 fferent none
liguid orysislline sze dyes daped in &1 Herent revatic meso-
.?hamas by spectroscopio metnm&~(@ueaﬁ.ﬁagﬁ efPect) . Detalls
about the A-rey axd spectroscople worke on Mauld oyetalline

- phess rede by ue will be prementsd in next few chapters.
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1.7, HOIIVATION AiD S007E OR THIS WORE

©

¥hile enormous sdvances in the teehnﬁ.cai epplicaticns
of Mauld eryotals have beon made, the bosie reason for the
formation of various me:mgﬁhaesea is not fully understood. There
are geveral jt;hearieass af 1iquid cmmtéls baged on Mean fiecld
approxination. i‘é‘y' ain was 40 teat these theoriea from ny X-gra.y
and apeatroscopic data. I have bheon able ¢o mmlym my f-pay
~diffraction data from several aligmﬁ Iiguid erystal samples
{nuastic end smectic A) to give the orientationsl diatribution
function, 'Ji( (> ), which in turn provides the anguler part of
the Mean field potential., This experimentslly obtalned distri-
bution function haps been compared with those obtained from
different theories ad laﬁga- discropancies ha% hean foﬁnd for
eyano 'eompeimas having strong ferninnl dipole moment.

X-ray data have 'alsn been analyzed for spparent mplm
cular length and intornolscular distanceo. The apparent iaalew
culsy lengths for cyano Mra;gsounﬂ a were found to be larger then
moleoular model lengths, showing formation of assoeciation in
the mesophtme. I have also ocaloulated the orlentaticnnl order
paraneters .’:“2> and <P 4> for aligned nematic and
smectie £ phages and con‘&rwﬁ to sone earlier /mr}:a b\ (E’ £>~ _
values are always positive. _

The < I?2> walue can be obiained experimentally
uning various techniques, viz. refrective index, megretic
susceptibility anisotropy, WHH, Hapmen fpectra, ete., and the
caloulation of <§’2> from the experimental data involve
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certein assusptione in each case. By comparing <%£>
velues obteined from different.methods.'wé can get an
iden sbout the sccursoy of these epsumptions. With this
mativétien, I wahted t0 measure <§g> by a spectros-~
cogié methed uwping o gueet dye in sn gligned liguid
crystalline host, However, the <?é> valueg obtained
by this wethed did not agree ot all with the v&lués
cbtained from cur X-rey stwiies. The ;;Zzigg&reaeenﬁ

for thip discrepsney heve boen éiscuvaged.
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