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Introfuction

(ertain long organic moleoul ez can exisd in
rhapes intormediste between 1Liquid and solid, These
phages have some of the properties of & liguid, sueh

es fLuldity and inabilily to support o cheare ?bey have
1

phage ap *hiquid Orystels'e Priedel®?> suggosted the

aled sone proparties of & corystal.hLehmarn’ nemed this
term *Hemoumorphie State'.

‘ Ligquid crxyeotals oxhibit anisotropic properties
ﬁs'de s0lid orystals. The mesophese can be Adentified
visually by its characteristic turbidity or by a pola-
rising microscope by ite optical birefringence.

| Liquid eryctels in goneral cen be formed by two
procescan, by *adlvent* offect (lyotropic masémorphism)
end by thermel processes (thermoiropiec mesomorphicm).
In this study we are only concerned with the latter,
where compounds exhibit liquid cryotel phaces on heatw
ing from the molid. |
| The macroscopic anisotropy of liquid corystal iam
attributed to long range wolecular orientational order
with pospille additional ome or two diwensional positional
ovder, In genersl, liguid crystsl molecuies are highly
elongated with a fairly rigid long axim and thus have an
ahergetie;advanﬁaga in cooperative alignment, the posi-~
4ion of henzene rings and pelar groupe om the moiecule
aeﬁornineg the range and type 0f~%he phase, by infiuenc-
ing the form of the intermolecular potentiale The meapure-



ment of suitably defined order paramelers related to onlentaw
tional and pogitionsl awolecular axé@r,gravi&es_v&lua%&e infore-
mation on the nsiture of the intermoleocular ferces rospongiblie
for phase transitione snd other thermodynemie propertiss of
liquid crysiel, |

Claspification and Nomenciature

Phere are three bagle type of thermotropic liquid orystele.
Following the classification of Friedal?’ they are named a»

gmeotio. Nomatic and Choleplerice

1. Heﬂﬁ%ﬂ.@?

i) Hematie liquid orystals have no iranslatlonal
Oﬁ’ﬂel‘ (?ig,. 1’.&); ‘

ii) The molecules have free roiational motions about

| their long azie, but they have orientatisnal order,
1i3) The molecules tend to align parsilel to sonme
diregtion, 1.

iv) The méleculea are sgpsumed elther to lack, or the
dipol.es are equaxly~dist?ibutea in appasitavdirec-
tiong, Statislically spesking, this mesng that the
states of + B and -« ¥ are indistinguishable.

v) The nematie Liquid eryaﬁalé are optiecslly uniaxial,

vi) - The lattice spaaé-groupa-ia Core-

vid) The molecules are either optieally inaativé or; Af
thoy are optically active, there is a (1:1) mixtﬁre
Bf right and left handed epeciee ia the nematie
ocryotal . |



de Vries4 found another type of nemetic phage

cslied cybobabtie nematic in which molecules group thom-

pelves into isolated planay Brrays,

2a

i)

i)

iis)

iv)

smegtic Liquid Crystels

M1 saectic liguid erymstels have & lsyered
structure (Fige. 1.2)e The cenire of gravity of
the cdiongated moleculos are arranged in equie.

distant planes.

The long axes of tho molecules are parallel to

2 preferrad direction ?;’ which may be nersal

to the plance or tilied by & eertain angle,

The arvangezent of the centre oflaravity within

the planes may be at random or regulsar.

Phe inter layer attractions are emall in coaps
rison to the lateral forcee and the layers ave
sble to slide over one aaétber‘ There are seversl
types of smectic¢ phaves, Smeetic A ip the one in
which the director is perpendicular to the piane
of the leyers, while in sueociie ¢ phase the
diregtor is tilted with recpsct to normal to the
ylane'ef the layers. The clLacsification and ehézae-
terication of smectis phames are mainly done by |
Hermanns. Sackmgnns and Demus, Annold!.

The clageifications were done by different

workevys by different wnethods, such asg migeibility criterion,

texture studies, Xerny datams. The sméoctic phases aan be
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FIG.1.I. SCHEMATIC REPRESENTATION = OF MOLECULES

IN ~ NEMATIC AND ISOTROPIC STATES.
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L)

arrenged sequentislly as smeet, 3, D, Ur ¥s B Py Gy Hevsces

where Lower temperniure phapes stend further o the right.

S
1)

ii)
i3i)
iv)

v}

Sholesterio Ftructure

The.strueﬁare ie a two éimenaienﬁ& neasatio
(Figo 1e3)e

There is no iong range ovder in the cenires of
gravity.

Tha molecules are aligned aleng o perferred
axis n . |

% ip not m constent in spaee ond hag a holical

synnetyry.
The piteh af tﬁe helix’ie tenperaturs and concente
retion dependent.

Another type of Liquid eryotel g wan dincoe
vared by f.Chandrageikhar and Go=workers® a fow
yoears ago]aalle& col unney phase or ceanonic phames
where the fiat dise like moleculer are siscked in
columns and po ﬁhe prana of the moleciies are PO
pendiculer to the direction contrary to the former
ypep where the polecuiés ere parsllel o the
directors’, (Fige 1e4)s

I & pubeisnee hap both the phases mmestie

and nematia g then on heating ihe crystalline molid phase

melts inte & cmevtie phass which subseguently trancforuo

o the nematic dgobtropic @haaea.>

6 = 8§ = ¥ = I
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for e¥ample, terepiholebige(ep-butyl ouniline) TBBA which

heg the chemical Strueturé19

/

e,y ’@—_N\\CH—Q‘CH”N——@—CA%

has the phases and transition temperature (°¢) s given

belows

G-:—T:Q,,v——o-ﬂe-—;ﬁ&e_ EP—OX
nac N F2¢ 200C 135¢C

Por o msaterigl having oniy ocmeotie phame with fbe increnge

of teaperature, the seguence of phase will Dds

c ~ Sﬂ < L"‘IE/M

With choleeterics and suectics, it has been
obeerved sxperimentally that
(L) 8§ —— 6 —— %

{(34) 8 — . Emeotic 4

v

¢h —~ X

Yo substancos has been found to exhibit boih
nematie and cholesterie phapes, %hough cholesterie can
underge *o nematic under the aotion sf extornal eleotrie
and magnetie fields.

cradis!! found in binary amizturee of cone neEo-

genic cysno compounde, that they followed on cooling the
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schenet - isotropic —— nematie ——> smectie A

nematice The low tomperature nematie, below the emectic
phese is called the re-entrent newatic phase. This phe-

nomenon hag @iso been cbzerved by (ladis ed ol at clevaw

12,13 14-16

ted pressure and by others at atmospheric prescure

in pure compounin,.

Mn‘eoﬂlar.ﬁtructure'a

Holecul e ghowing mesomorphisn poszosses the -

following oitructure -«

(i) The molocules are geometrically snisotropie,
they are sither rode-shapod, flat or lath sheped,
(€% The molecules have gome rigidiiy slong the long
axes o theat parallel orientation may not be
 broken. The molecules should popsems strong
qggglgg,j(Peraanent'ar indiced) and easily poife
risable groups. The foreces recponnoible far the
wepophages are prinarily dipole-dinole intevractions
snd digpersiva forces. a
The mel ting point aust not be too high,; lest
only supercooled metastable mesophases bs formed monotro-
\ piecally. However, polarity of the ferminel part frequentiy
&ives ripe to veﬁy etyrong inﬁermaiaaﬂlar attractionse res@lt~
ing in the rise of mel ting point.
Most of the thermoiropic mesogens ¢nn be rép=
resented Dby ‘



S edminal group ——<:§i>r—— Gentrol grewg—«<:::>——§erminal

group

The termins)l £roups asy be ceme or different. The centrel
aore is ususlly attached to the para poritions of the
bengene ring. These are eapily polavisaile and planaer. The
sromatic rings may alco be connected éizee%1y17 as in
p-oyanseplepentyl biphenyl .

Cglyqy —< o> o> cN

P 22'5¢° ¥ 358

néhe'meaomoryhic behaviour is greafly influenced if the
length of the rigid w core is increased by introducing
additional aromatic rings, #8 in PeoyBno=p'—n-peniyl
terphenyl17

Oy —oo—<oo—Xop— cN
p 120 % . 5 2390(’_> 1
Often the central group certaein multiple bonds o maine

tain rigidity and linsarity as in Peazoxyaniszole (PAR)

O
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By studying the howmologous peries Qxay*ﬁ’?a sheevved that
ceriain genorsli types of curves m@iﬁxin@"ﬁh% transition
tenperabores to the number of carbon atoms in the perie
might be obimined and thip could be used to zorrelate 211
the. memberg of the mories, He found - (i) The dilferent
phage btrangition temperatures (¥ — I, & — I, 8 — ¥}
£ive enooth curve though the sel ting point do not show any
wiifornity. (31) The clesring poinits of nematic phase docs
reasep with increasing chain Lengthe (23i) Tho HwI tempo.
-ratures Tit In two curves one for sven and other far odd
n&é%er sfvaarhcﬂ ciomp in ne-alkyl eohodne giving visce 4o
the sowozlled *Odd-sven’ effect. The ¥ - I temporature
Recreases with & distinct aliernation and the amplitude
of the aiternation aslezo redueces with Iingreasing chain
lengthe
{iv)  The plot of clea®ing poinis of meotics and the
€ - H {teansiticon tepperatures ususlly reaches 8
maximum of a moderate chein-léngth and decrsasen
8radusily with further elengation of {the chiin.
This plot norzslly shows no diptinot 08dwoven
affeeﬁ21.
{7 In & hemologous geries, shorbter chains exhibig
purely or predominantly nenatic phaasp,while
#zeciic phanes dominats in longer chain wmolecul 2o,
&t the expense of nematle thermal atability*&‘zﬁa
The effecht of broadening of 2 wolesule by intmwo.
ducing ono or wore subetituenie in placs of hydrogens along
the side of the ocove structure im given in detail by Grav’a.
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ohe broadening reduces the anisobropic polarisabiliiy and
eonmequently the intermolecular atiractions. Young and

his ca-&wo‘mfergg ptudied the following conpounds «

\
P
\ b__c H
cou 0 —Lo>— coo —<&— 00T 1
275 E;/ A

and found & systomatic decresse in ¥ —— I “temperatures
as the numbder of eH, group ingerted st positions L, B

o Y 2 wap increcased.

.Ehoories of Memetioc Liguid Crystals

In a wacroscopic volune of & nsmatic iLiguid crystsl, the
preforentisl direction n is in genoral not wniform, but
changss from maea to piace under the zotion »f disture
bing forces such ag® convegiion, flow, wall x effects,etc,
Howavey, aven large aainplés can bhe aligned by both wagno-
tic and elecitric ﬂeﬂ.ds. |

In & homegeneously ordéred Liguid crystal sample
the long axes of the meléacules ares parallel .to the pre-
Porred direction. This hoids 6nly in a' time oy space
average. In reality, due to thelr thermal energy, the
individual molecuies or small groups of moleculss tunble
about the preferred dirsgtion. The efficiency of the woléw
cular orientation along & [ pan be described by & single
ordey parameter <L Pz >

<>z L <3ces®~1>
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where the brackets mean the tipe oy space average amﬂigijé:>

the eagzie between the long wolecular axig end the prew
Peryred direétian. This ideal nematic order will De pompible
near the sbrolute sero point of the temperature onmly i
paterial would not frcesc;’ror'an izotropic liguids{ = O
The order parameter (‘2 > gan be deterained by
meapuring the prineipal refraetive infices or the dia.
nagnetic susceptibilities or Twpray diffraction. Other
methods use the wliraviolet or infrared dichroisa or

nucl ear magnetic resonance spectra,

¥aier and Eaapegg*as developed & siatinticsl theory
40 demoribe the liguid svystsiline estate mnd the maleculaw
or&ariig for the mematies phanme, Iu anslogy o the/trea%ment
of ordering phenomenon in Teriomegneétiocs 27 ferrosleciries
this theory deserides the intermolsculer orieatetion
forces by & mean fiél& nethade FTach individusl Eaieeale

feels & nenetio potential whieh is given

U= — <P Cos@ > PLCQOSQ

where V 4is the molar voluwe, and 4 4p & consbant
charactoristic of the molecule, reiated to iis polarie
nahility. | ‘

The derivation is based on the modél 3hat the
wolecule elignment ilm caused by &ispersian forces,
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oply the induced dipole-dipole pontribution is consifered.
?ﬁe anisotropy of the m@lacﬁlar‘p@l&riz&h&&iﬁy.eamses an
angula§7ﬁepeaéence of the internoleeviay dispersion forces
and therefure ig regponsible for mesomorphic phase,
ﬁumpﬁries?s haves however, shown that the sssumpe
tion of the anisotropie dispercion tarcas-for the forme-
tion of nematic phase was not epsenilial. Thus & single
molecuie potentisl (mean field) can be set up to give
particuler ovientation dopendenscs {1) fﬂlahould be miainum
when the solecule is parallel to the direcior and meximum
when the moleculs is perpendiculayr to the Givector, thue U

may be choson %o be propartionel to

- Bylcos @ ) = = (3 Cosl & = 1)/2 voel2)

(14) U must be proportionasl te <:ga>' the average
degree of orientatlon. This potential which is responsibie
for nematic phase formation should vanigh when (P,> =0
and be minisun when the molecules mre highiy ordered., Thus

Ulcos 0 ) == 15423080503 Plcosg) ()

Orient&tiana;ﬁaistribr%i@n fwistione

Orientational distribution function £ (Com € ) gives
the probability of finding s molecule whoze a3ip uskes an
angle © with the dirsctor ® . |
. Orvientztional distribution funciion corresponding to
the single molecule potential has the forwm
Pllose) - Z e pl- Bucose]

z = JIP-XPE— Buceos]llee=9) ()
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where % is the pingle wolesculoe parbtition function (5= j%;v
'K 4g the Bolismann®s consisnts T ie the tenperaiture in
abesolute unite The Limit of integration has been resiricted
within 0 and 1 bscsuse _ﬁ and ~n are indistinguishable.
The dependence of the order parameter (P, on the tempe-
rature T can be found by solving the solf-consictency

equation

I
(Piy= | Raleose) Vecose) dccossd o (5

ueing equation (4) in equation (S)

/P 403‘ (23 CCosG) expl @Y P, (cosDLP)] d (cos® |
20 J\QKPE@\}PZCEZOSQ)<PZP'>:]'chC,ose) esel6)

A computer programe has been uszed 1o odtain the value oy
values of <P2 > {(Por any pariicular T {(or () that
sa%igfiea eguation (6). <§é>ﬂ ¢ ism 2 solution at all

T, below certain temperature determsined by ET/o = 0,.,22284,
two other colutions appear. 0f the three golutions below
the critical teaperature the one which satisfies the iher
a@dynanic condition of minimuu free energy will give the
stakle phaco.

Extengion of the Mpier-Uaupe Theory.
Humphries, James.pnd &aekhurstaﬁ developed & wore compro-

hengive concept by inciuding higher order jerms in the
mean ficld potential for cylindricolly symmetric moleculeos,

EREIFE ALY JraaRY
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Yneir resdlt i

0es(7)

Uy (eos®) = 2V SRy (eos®)

U‘ » 15 the gingle~molocule potenticl in the meéan field
approzimnetion. |

‘ o
(R :OS R lcose) p)(cos®d A Cose) voolB)

where Q €os©) is the orientational distribution
funotion ond B 's are the Lths order %erus of the
Loegendre Polymomial (L takes only even values)e It has
been the termp with L » O in (7) may hg'ﬁrapged gince

it is merecly on sdditive eonstent. Then

U, lCos®)= w,<m,5 33 CC.OSQ)"f-‘\..94<Pq’ CosQ)

- asey i
retontion of only firgt term of equation (9) gives the
. Maier-Saupe theory.

iquid Crysitalp,.

I% .13'nw well estatliched that for proper undev-
gtending and interpretation of severel physiesi properiics
of liguid crystolline pha.séss a knowl sdge of the moleculer

| structure in the crysisliine phase 18 very useful. The
molecular conformation in the oryetalline eteis prodeter.
nines the wolecular organigation in the nesonmorphic state,
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ohe €irct attenpt to corrdlate the molecular arrangenant in
the negopﬁases with the evystal sitracture of the messgenic
paterial wap undexrtaken by Bernal snd @xewfaota7 in {he
neevrly $1930°%s. Upto 1974 oniy soven crysisl structures
head been deternined®®, This eltuaiion chenged drastiecally
with the advent of compuber progyam in the late 19705,
How a large number of gtrucivres heve hweﬁ deterpined,
sost of them being nematic, ‘
Frdliuinary purvey of the prosent knswleéga regarie
ding colid mesophasce relationghips wae given'by Bﬁyanag.
On the bagis of the evidence &t hand it ean be piated -

i) The molecul.es of the orgenic orystals when heated
to the liquid orystalline state adopt en arrange-
ment somewhat similar to that in %he exgatalam.

i) In nematic orystsls the long neyrow moleculss are
found to be more of lens parsllsl and inters
leave one another to form a&n *imbriecatad packing!?
{depcridad by Bernal snd Orowfock)e The %éaﬂafomw
wation fram the gsolid te the nematic phase is
characteriged by the breakdown of the poeitional
order of the moleculem but not of the orvientational
~orﬁer30.

iii) Por smectic compoumnds thé moloculeas are faound %o
bo packed in parallel array, as pre&iatéﬁsq.

This iz true at lLeagt the majoxrity of casem,

so far known but at this siage we must be cmutious %o
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geaeralise it31o Erewn32 found oan imbriecated packing for
a nemstogenic compound with the nop-planzey molocules
erranged in herringbone fashion in planes perpendicuiary
to the ronz axzis. Brown and his ea»workerg§3 élaa found
a herringbonic compound with & tilt velative to the
layerg. Brysn, Focier and 31119?34“35 8lso discusped the
role of hydrogon bond in the formetion of aasagehie Gl o

poundse

Applieations:

fonpiderablie basic research on the opileal and elecirical
characteristics of Liguid cﬁysta;'waa carriaérﬁziing
the later half of the this sentury to develop the applie
cations of 1iquid crystelce It has been found that Liquid:
erystal p have ot & wide renge of molentifio aﬁ»lieat&qﬁo
The eharélchanges'in the ¢olor of ® cholesterie
ligquid crystals with aﬁall changes in teaperature have
resul ted in a nugber of uniqué temperature sensing appli;
catiansﬁ?. Az a regult, appiications to mediend diagnontics,
elesctronic couponont testing end serodynamie structure
analyeic bescame feasiblse.
Hematic and cholesteric 1iguld erygtsls have
already ¥ fount wide application in display devices ag
many of thelr physical propertiee such as birefringence,
optienl sctivity etec. are mensitive €o wealk exterusl

_perturbations. The remarkeble electro-optic effects heve
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vendered 1t poesitle Yo prepave liguid eryoted displays
whose main adventege over the other typen 1? that they do
not require emiseions of light, snd co consuge Very Low

powers. Diguid oryelels are used in displays fovr wa%c&ea,<i/ﬂ/

di@eks, eol culntors, panel wmeters and othey digitel e
dipplayse.

The x exiromely low power requirenents of %hé
digploy sau@le@~w1t& further improvemcniz in complimene

tary symametry metsl oxide seniconductor integrated civ-

cuite hae made posciblie the @ewelﬁpmeaﬁ of packet compubers
Liquid oryotlel dicplays are geining accepisnece in

'the digital instrument f&alé;:@plécing’lightﬁemitﬁing

displeye in applications where poritability is of prime

/ interast;

Liiquid orystals egevuwea in the flet pannel
televicion dirplays. The progress of cleeironics, 28now
cielly seniconduchtor elecltronics directs microﬁe@hnﬁiﬁgy
which requires low voltage and law current devicepe In
this point of view LCD in nost promicing among various
deviceg,

Roeontly, ferroeleciric 1lquid@ eryotals (3;3
have been used for & pew generation of fapt versatils

- ligquid orysiad devices,
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3capg~ag§ Aim _of the York

Lidquid arﬁutgls have enormous rémarkable applications.
For this purpose, identification of éifferent vhagen,
thelr el ectro-optic propertien énﬂ moleculey and crystal
atroeture annlysis are importanﬁa In the £ present work
six liquid enyatalline'aubstances newmely PCOEP, PGTP,
PBBA, EBBA, BPOPP and S0CB have been chosen.

Prom X-ray diffraction photographs of magne.
tically sligned samplee PCOPP, PCTP, PBPA and EBBA, |
orientationsl distribution function t(‘@ ), orxder
parameters <P, > and {P,’ , have been caloulated.
X-ray diffraction studies in liquid crystalline pheses
of the sauples BPOFP and 50CB were done earlier in our
laboratory. In the present work, optical birefringence
studies of the samples PCECPP, PQT?. PBBA, BPCPP and |
500B are done, The crysisl and molecular siruclture of
the memple PCOPP have besn determined from Teray diff-
raction. All the experimental worke sre reporied in
Chapter IXII and IV.
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