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PREFACR

Liquid orystals are states of matter in which
the degrees of nmaleculay order lis intermsdiate Detwesn
the orystalline solid and the fsotropic liqid. Zhe
1iquid orystalline phases are alse called mesophases,
and & oompound which uhtutu & mosophase 10 ﬂumd
t as & mesogen. Broadly spesking, liguid orytals may
be faormed in two different waysi either by the sotion of
heat on pure compounds (or shair mixsures), or by the
effsot of a solventy the farmer are called tlwrmotroplc
liqgid oxrystals and the latter lyotroplo. In the present
theais, we shall be comgerned oxly with thexmotroplc
diquid orystals, their synthesis and m&mwzmm
propexrties.

Priedal ' olssst f1ed themotropic liquid exystals
into thwee basic types, namely, mematic, cholesteric and
smeotic, Chapter I begine \ﬂ.% a8 descxiption of the
molecular organisaticn in those three types of liguid
arystals. The relationship MMu;u themical comtitution
and liguid orystallinity, the variatiom of the mssomorphic
‘behaviour in a homologous sexies of campoudds, the effect
of lateral anl termizal substituests om the mesomorphic
properties are also discussed. NRention is also made of
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the applications of ligeid oxrystals and the lmreasing
importance of stabls, low-meliing mespgwic compounds of
strong pesitive dielectrie anisotropy.

The ¥sat of the theais deals with She new Xemilts
cbtalned in the presmt investigations, vis., the symthenis
and oharacterivation of nearly 100 mew compounds belonging
to five different homologous seriss, and new and wmore
convenient procedures for the preparation of oertaln known
compounds of technological importanoe. These studies have
aleoo led %o some interesting mw obeervatdions: (a) the
firat ocbservation of the oeourrence of the re-antrant
nematic phase in pure caupounds &t awmwpherie preusure,
and (b) the discovery of therxmotropic mesophases in pure
oompounds oomposed of disc-iike molsoules.

In chaptex II, we desoribe the ayntheelis and
propurties of two new hosologous beries of oumpruads,
(1) trans-p~n~alkoxy~a-~methyloimanic acids,

H

RO—@-C=C|——COOH A » a-Alkyl

CH,

and (11) p~oyanophenyl trm~g'~w2wmnﬂxylo¢munt¢s

RO—@-czcl;— C—O—@—CN R = n-Alkyl
CH3 |
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Gray o8 a1.? studied the mesomorphio behaviour of LEaps-
pro-alkoxyoinnasic acids. fhese ompounds have fairly
‘wide themal ranges but rather high transition texperatures.
In order to study the effeot of introducing an Muwyl
group into such a syatem we prepared a serxies of Jrap-
Pl koxy-c~me thyloimanie soids and compared their
nesomorphic properties with fhwo of the wwude tituted
mant compounds reported by Gray st al. It was found
that the a-methyl group does not affecs the themal range
of the mesophass drastically but reduces the mel ting point
aonsidersbly. Ve have atixibuted this to a thiokening
oft«t’ caused by a steric interaction of the u-amethyl
group with the g thg ring protons. ZThe plos of the Nl
transition temperatures againet the number of cwbon atous
4n the alkoxy chaln shows the fasiliay oddwoven effeot;
the plot fox the even homologues lies od a ssiooth curve
above that for the odd homologuss. Nurther, becuause of
the inoreasing imporsme of compownds with low-melslng
points and large positive disleotyie anisotropy, ancther
homologous series of esters with these avids and 4-hydroxy-
bensonitxile was proaved. The ssters had falrly low
malting pointas but the themal ranges were reduced to some
extent. A ocomparison of the transition temperatuires of
the above esters with thoze eight unsubstituted cstere
reported by Titov M.‘ reveals that the a-methyl group
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plays an fmpartant role in understaniing the redustion

in the tramsition temperaturess This has been discunsed
taking into consideration the two possible conformations
that the eater molecule can adops. 2Zhe plot of the L-l
transition tenperatures agalnst the number of caxdbon atoms
in the wlkoxy chain shows & different bewhaviowr than thote
that are commonly cbesrved in homologous Reries of liquid
orystalline substances. 4 possible explaration for such

a behaviour has al 20 bean given in this chapter.

I% was also obosrved that one of the homologuss,
pcyanophenyl trane-p‘-n-decyloxy-a-~msthyloinnsmate exhibits
a 'ro«eﬁtrmt ' pesatio phase, 1.s.,, o0 cooling the isotroploc
liquid, the seguence of transition was as followas:

isotropio — nematic —suectic A ——nemtic —>a0lid.

The lower temperature nematio phase, tersed the ‘re-entrant’
nematic phase was observed by Cladis” elther in mixtures or
in pure compourda at elevated pressures. OCurs ie the first
obsexrvation of a ‘re-entramt* meamtic phnu in a puwe
coupound at atwospherie presvure.

It is well known that most mesogens sontald at least
two phayl ringe with suitable substituents in the para
positions. Dewar and Schrveder® and Dewar and Goldberg’
prepared & numbor of p~phenylene esters of hydroquinone
and p-substituted phenyl esters of terephthalio acid.



All thess compounds are aymastrical in the sense that
they have identical wing groups, and they have high
transition tenperatures. Young snd co-workexs® amt
Vaz Meter and Klandermann’ obtained compounds whish had
low transition tesperatures by intzoducsing 4l ssymaetry
inte much diesters. ZThus, ﬂux &Wtw & Bumber of
subs ¢l tuted phenyl 4-bensoyloxybenscates I am IX
respeotively.

O %@m#

n.auu-mx or n-Alkoxy
a.x.z.znnwm,

@@-f

R, A" » n~-Adky)l o n~Alkoxy

8ince the interest in the present study was €0
R epare a homologous sexries of aampounds with strong
positive dielertric anisotropy and wide nematic thexmal
ranges, the phenyl 4-benwmyloxybenscate system was chosen.
A teminal oyano greup was imoorporated o that the
rosulting molecule would have a large positive dielsotric



anisotropy. However, in esteres wvhioh are already polar

by virtue of the «C0-Q= group, the position of the qane
group relative to the ¢ster um@ is also loportant .

It s known that the resente of the oyuno group in the
phenolic soiety will lead to mush higher positive dielectric
anisotropy. a8 e phenyl 4-bensoyloxybensos te systen

has wide thomal mmma'g it oan inomwt a lateral
sabstituent. This would further contridute to the
disayumetyry of the molecule, which may lower the melting
tenperatures. Ay a comsequence of themss faotors, a

series of 4-oyanophenyl-3 '«methyled {4 nwal kylben zoyloxy)
bengoates, IIY, wore symthesised and their mescmorphio

propertics are 4l soussed in chapter 1II,
GH3

e

a-muﬁ.

The plot of the E-I trammition teuperatures against
the number of carbon atoms in the alkyl chain for this
serics Follows the usunl odd~even effect and those pointe
lie on two smooth falling ourvesy the uw for the odd~
hosologues lies above that for the sven homologuss.

| Two more instances of th¢ ooourrence of the re-
satrant sesatic ym. in pure compounds were observed.
The compounds were (1) 4-oyanophienyl-3'-methyl-4 ‘=
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(4"~n-undecylbansoyloxy )bensonte, and (i1) 4~oysnophenyl-
3'methyl=4 '~ (4*~n-dodeqy b soylaxy Jbs nsoa te. These
w0 cases, along Wit the one menticned in ohapter II,
are the firet cboervations of & re-embrant uematio phase
in pure compounds at atmospleris Eessure.

In chapter IV, we disouss ¥ie mesomorphic behaviour
of two MOW homologous serdies of 4~biphenylylbensoates,
(1) 4~biphenylyl 4"en-alkylbensoates, XV and (if) 4=biphenylyl
4"-n-alkoxybongoates, V.
0

R = n-Alkyl

- The biphwmyl molety i well sulted to exhibiting liguid
oryetalline propertios because of its geomatrical shape
and indeed a large number of compounds with diphenyl core
have boen prepared and theiy Wesomarphio properties
charasterised. In mont of these cases, both 4 and 4°
ponitions of the biphenyd avlscule have been suitadly
subsptituted and oven small substituents in these positions
remlt in materials which show mesophases. In the esent
astudy, w]:nr ggxdy the effect of hawing one ol these two
positi ons Znnd suitably satestituting the other position,
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| Series IV is compared with p-n-alkylbensoio acids

and ‘a series of 4-p-n-alkylbenylidessamincbiphenyls'’

and series V is compaved with p-mealkoxybensoic scids and
4~p-t-alkoxybensylidensamincbiphenyls'' wiich are atmilar
in struoture excaept far the bridging groups. 7The meso~
moxphio properties of series IV and V are also compared

and it was found that alkoxy substitution has higher thormal
stabilisy than alkyl subs titution and that the fommer favowas
smectioc mesophase foxmation, Plots of N-1 Sransition
temperatures sgainat t he number of carbon atoms in the
terninal chaine in both serieo give smooth surve relation-
ships and also follow the usual odd~even effect. In an
atteupt to understand the substituent effect, various

othexr groupe such as chloro, bromo, nityo, oyano, ete.,
were incarporated int this system. She influerce of

these groups on the mesophase thermal stubility have also
been disowssed.

he enthalpies and entxoples of transition Lin doth
series of compounds have also besn determined usilg «
differentlial soanning calorimeter (D5C Model 2). Zhe
entropy of tramsition versus the nunber of carbon atome
in the terminal chain have been plotted Lor both seriee
of compound a,

The obeexrvation of the twisted nemmtic effect, and



the recognition that it has veary laparsant applications

in ddeplay devices for wwm&. oalou lators, etc., proupted
the ocheuis s o prepare sompounds Maving large positive
dieleotris anisotropy and showing the mEAtic phase &t

or Mmear room temperature. Gray and his ommmm
prepared a series of stable room tmmperature mpatio

1iquid oxystals with positive dieleotrio anisotropy.

These individually do not have enough mesophase range

for use in elsctro-~aptio Gevices of the twis ted nmatlo
type. Later, they extended this wark %o propare 4~n-alkyl=~
4"~gyano-p-terphenyls.'’ Suiteble mixtures of these
canpourds with 4-n-alxyl-4'-oyancdiphenyls give ideal
tenperatures ranges for use in display devices. However,
the procedure of Gray 93 al. 48 preparing the imtermediate
4-brmo-p~tsrphenyl 4in pure form preserted some 4iffliouli~
ties. Sirnge some of these compounds are of great commer-
olal importanve, we developed s convenient procedure for
she proeparation of Loth 4=iwalkylw=4'=gyanobiphenyls and
4-n-alkyl-4"=oyano-p-terphenyls. Ihe detalled experi~
mental provedures form thm cuntents of chapter V.

The last chapter (VI), deals with an entirely rew
type of 11quid arystal cbmerved by ws. Until shis obeerva-
tion, all pure thomotropic uwesogenio compounds were
clongated, had a rigid central core and normal 1y had polar
end groups, as has been discussed in chapters II to V.
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single cmmponent liquid orystalline syeteus.

Benzens hexs~n~hexmnocate which does not exiidbit

a mesophase in its pure fom, does show a mesophass when
mixed with u small quantity of bengene. This is the first
observation of lyotroplo mesomorphiss in &so-like mole-

culas.
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GHAPPER X
IETRODUOTION

1.1 laseifioation of thermetrepiv liquid erystals

A9 indicated in the preface, Shis theais, excapt
for a brief referemce to lyotropic mesomorphism in
ohapter VI, mainly concerns with the study of sthermotropic
liquid erystals, their strustural oclassificatioa and Shelir
relationship to the chemical sonstitution of the moleouls.

Priedel! classified vmermotropie 1iquid orystals
broadly into three types: nematle, cholsaterio axl sameotis.

(a) Hemation: The mesatio liquid erystal possesses a high
degree of long range oricntatsional oxder, but no long range
positional oxder. In ethexr words i% is somewhat similar to
the ordirary liquid except that the .n«imnl“ are arranged
ayproximmtely parallel to one another. Because 0f the lack
of pesitional order of the moleoules, the nematis phase is
quite fluid and thw molecules mia Ireely slide punt one
another. When a thin film of mmatic is sandwiched between
two glass plates and exanimed through a polavising micro-
so00ope, one sees a complex optical patm. However, a
mamludu sanple homogeneonsly aligned, i.e., the preferred
axis of orientation of the moleculss lying unidirectionally



in a plane parallel t o the glass surfaces, le optically
uniaxial, positive and strongly birefringent. On the
other hand a homeotropically aligned sample, i N which the
preferxred axis is normal to the glaes surfaces, appears
indis tinguishable from the isotropic liquid when observed
normal to the glase plates between crossed polaroids
(except in the case of convergent iight). Some recent
X-ray -ﬁzdiooz's have 1nd16ated the presence of ‘cybotactic'
olusters’? in some nsmatics, the molecular eentres within
each oybotactic cluster being arranged in layera. The
molecular ordering in orystal, nematic and isotropic
phases is shown schematically in figure 1.1,

(b) Gholesterica: The cholesteric liquid crystal 18
essontially similar to the nematic phase except that the
molecules in this phase are optically aotive giving rise
to a helical struoture (see fig. 1.2) with its sorew axis
normal to the preferred direction of the molecules. This
helicity imparts certain unique properties to the chole-
steric phase, vis., selective rqtl@gt;m of oiroularly
polarised light and a very high bptical rot atoxry power,
about 1000 times greater than what is usually observed
for ordinary optically active substances.

(c) Smectics: Smeotio liquid oxystals have a layered
struc ture, but different kinds of molecular arrangements

b}



(a)

IS

(e)

Figure 1.1

Scheamatic representati on of molecular
ordering in (&) eiystal (b) nematic, and
(c) isotropic phases,



Figure 1.2

Schenatic representation of molecular ardering

i n a cholesteric mesophase.



are poseible within each layer. In amectic A (or 3,)
phase the nolecules are nommal to the layer, but there
ia no rogular arran ement oo the molecuiar centres

(2ige 1+3a). Dhe interlayer atiruwtloms are gulte wealk
wind thus the layers are able 10 vlide over omm ansiher
relatively saslly. The 3& phaise thereiore eahibdte Lfiuld
propertles but 14 le wmelly very wmuch more viscous thun
the neasatlo. Opsically 3& phase 1o uniaxial positive
and strongliy blrefzingent., In the casec of suectic I auiso
the aoleculca are usright, but the centres of molecules

in euch layer are hexagonally close-packeds 1% 18 alo

£%

uniaxisl positive and atyrongly birefringent. Jasetic
1 slnilar %o smeotic 3 oxoent that the moleculos are
t11%ed w!th respect to tho layer normal (Fig. 1.%b).
Thin phane Ip opticully blaxial. At least five othner
snectic modlfications have beon identified?r8 po pigct-
bility, optical and X-rgy studies, but at a molecular
level tholr structures nave not been fully uderstvod,
and even the nomenclatire of these phasces hat not been

unandoously agreed upon.

“he code letlers rocomaended recantily by uoodby

7

and uryy’ far the diyferent modifications of sueotics is

sdven In table 1.
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1.2 ldentification of mesgphases

Unless very specaial precautions are taken to glvae
prior treatment to the glass suriaces, & film of liquld
arystal contalined betwean tw glass surlaces forms a poly-
domain sample and exhibits couplex optical pattorrne when
viewad through a polarising microncope. These patterns,
known a9 ‘optical textures'’, are weful in the optical
1dentification of the diffgrent maeaphmw.” for {nstance,
a nomatic shows a characteristic threaded texture or
‘gehlieren toxture while a cholesteric wually adopte a
fooal oonic texture. The various kinds of textures that
are normally exhiblited by the different types of smoctics
are summarised in the last c¢olumn of table 1.

1.3 Polymcrphism in thermotrople 1iguld oryetals

On the basis of the nommnclatire recommended by
Goodby and Gray, the ss@ence of trancitions that coour
{on cooling} in compounds which exhibit a nunber of mesg-
phases v ,iven below along with exaxples.

(1) Terephthal ~bis=4~n=butylaniling 12

C4H9‘@N=CH @CH=N@C4H9

b4 > H >3, > 34 > 8 > 84




(11) Tereghthal-bin—4-n-pentylaniline 12

CSH]]@N:CH‘@CH:N —@CSHII

I—HR >3A >3° >31, >8ﬂ 73“

(141) H=(4~n-heptyloxybensylidene)=4 ‘=n-pentylaniline '’

c7H1so—@CH=N©—c5H1,

I———>%l——->3‘,‘——>ﬁc *88 >a“

(v} 2«-(4~n-Pent ylphonyl)=5=(4-n~pentyloxyphenyl) mrrm:ldxms

N
N

It should also be mentioned that the ccouwrrence of a
second nematic phaese, callod ‘re-entrant nematic' was
observed recently in binary nixtures of oyano compoundo

at atmosphario prmwa" sz well a8 | N pure compounis at
hizh proaaurw.'s The sequence of transitions (on cooling)

| a such casen in

b ¢ > H »3& > re-entrant H




the existence of a re-entrant mmitlc phase in a pure

cuspound at ataospheric prwanw has been odboerved for
the firet time by the author. These findin s will be

docussed in chapter I11.

1.4 Mesomorphism and chemical constitutlon

It has been fairly well establiched that compounds
which exhibit thermotroplic mesomorphiem vary widely in
their ohenical constitution, however reteaining one funda-
mental foature, vis., their a;aométrieal anigotropye Iin
other words, with the oxception of one series of compounds
obaerved recently by w (chapter VI) all compounds that
ghow thermotropic measomorphism have a lath~like shape. It
must be stiressed, howgver, that gemralisation like longer
the moelecule the more llxely it le to show n mesophace
cannct be made. There are other factors apart fronm geomedry
of the molecule, which must be cuvneidered. These are the
various lnteracleculayr forees which play an important xrole

in the mcaomorphie behaviour of a particular compound;

(a) dipolo-dipole interactiona: the direct interaction
betwosn peramanent 4ipoles in the molecules,

{b) iniuced dipole intoractions arieing from the mutual
polarisation of the moleoules by their pernanent
dipole momant s,

{e) dispersion forces: the atiraotions between instantaneous



dipoles produced by spontanecus ascillationo
of tho electron clouds of the molsculus.

Iherefore, wo ocan say that compounds wilch are
elongated and omtalin polar and polaricable groups are
mozt liktely to exhibit 1igid oryatalline belaviour.
However, ££ a subatituent 15 present in a povition which
broadens the moleouls, then the themal stadbility of the
menophase will beo affooted to a large extent and the
compound sometimes nay loge ito ligid orystalline propex~
Woe. HMore often the substiituents are attached in terminal
posliloms. The fdlowing sre a few represent ative groups

which are used as teorninal subatituenta:

m‘a(mz)n“' Oixs(ana)nt)«, ws(wz)nw—, CN,

(V] Cl, Br and F.

2
In addition o the aniaotropy of the cohiealve forces
betwoen elongated molecules, the rigidity 1s an lmportant
criterion for the famation of a wescphasa. Tho majority
of compounds that fors Lliquid orystals on heatin; are
arosatic in character. Arumatic nwlel are planar, xigid
and are polarisable. Often suitable linkage grvups are
attacned betweon such nuclei. A4ddition of subatituonts

mentioned in the provious paragraph in the para positions
of such a ocomre gonerally leade to the fomation of &



mecophase. The linkage group itself aust be rigld so

that the lath-~like core of the molecule i retuined.

Often the ocensral group comtalns unsaturated bonds which
not only imposes rigidl ty but alse increwsses the polarisa-
bility of the molecule. Ixuples c:f@cantml group are
~Clalley ~Hall-, =CHadi-, -=OsO-, «Ge0~, ota. Although
the -é~0~ group does NOL contain a doudble bond, the
ptoriochenistry of the unit retains the lincarity of the
molecule. Certain simple aliphatic open chain acids auch
OR alkane 2, 4-dienoio acid'® (I) also exhibit a mesophase

Grre uﬂm;‘)\ |
R Qi 2 Qv a (T CBl=CH~ClHa{H~R
Ommiib o Q
X

but these are rares However, allicyclic compounds whiah
are more »igld than aliphatic compounds, are potentially
BoTe mesogenlo. UGartaln sterol derivatives wilh fured
alicyclic rings provide an important claass of liguid

T/ 410,19

erystals, vig., the cholesteric type. Heny hetero-

eyclie eompounde exhidblting liquid orystalline properties

are alzo known,29e21,22

In t¢he case of aclds the central group involves
a ring formed by the dimerisation of carboxyl groups which
is due to intermolecular hydrogen bonding. Beaause of the
elongated nature of such molecules, the wids exhibit

e
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1iquid orystalline properties, for example, para guboti-
tuted benzoio and cinnamic acids of the type shown below.

0+« om0
CoanXOr
n o= Ol ¢ 0 0C. i, - n
™ gite e 00

The melting point of compounds iz the most unpredic-
table factor in conneclion with assesaing she potentialities
of a new system to form liguid orygtals. dJompounds with
atrong intermolaeocular attractiona in the orystal lattice
usually have high melting points irrespective of the mole~
cular welighta. As a result of this some ocompounids even-~
though they pozseas other requisites of a potential mesogen,
do not exhibit & mosophace. However, in some oonmpounds a
monotropio mesophase nay be obzerved if suflielent supor-
cooling of the lmotroplo li@id oceows. A delicate balance
between the molocular stmucture and tho varfow attractive
forcea i neceusary foar obtaining 14uid orystal phases.

1.5 Bffect of terminal and lateral sudbatitusnts on
liquid orystal behaviour

Replacement of o terminal hydrogen by & dilfferent



substituent generally enhamcos th’e potentiality of the
cystem %0 exhibit a mepophase and umally affects the

themal stability of the parent systen. In s najority
of the caces the subs tituted compounds have a highex |
taexmal otabllity. VFar example,

Irogu-cinnanic aoid E1351
trans-p-ifathoxy el nnamio acld K175.5K1901.

In order to atudy the ligid orystalline behaviour
systematioally, the general practice had boen to praopare
a homologous series in which the torminal substituent such
a8 C‘Hg(wie)n«- or Gis(miz)nﬁ- is lengthened by increasing
the number of methylene unite suocessively. The plots of
the nmegophase-isotropie liquid trameitlon tenperature
against the number of carbon atoms in the texmminal cheln
give smooth curve relationships and this ig discussed in
the next scction. A lorge number of such homologous series
of comnounds have been reported In the literature and thebe
have been roviewed by ﬁmy” in hie excellent book. By
gomparing the effeots of a nunber of different terminal
pud:. tituents in the same molecular systenm, the relative
afficiengy of a particular group in prowmoting ilguid crystal
properties (both neumatic and smoctic, con be obtuined.
After studying a large number of gysteus eras wd dave

24

and iewar“® have cowpiled terminul group efficicncles for

11



nematic, cholesteric and sncotio phases. 2The terminal
group efflclency of choleasteric and nematic phascs are
the eaao. The following averapge group efficiency has

been proposed.3” |

Hematio group efficiency order:

Ph D> D> Me >ﬁ02>m>nr>m«2>m>r>ﬂ

Suectic group efficlemy order:

Ph>3r>31>i¥‘>ﬁ%a2> Fia>b‘;>l§62 S Ude > .

Although these ordors may not strietly hold good for
a given ayotws, they will give a broad idea about the proba=
bility of obtaining a particulur type of meaocphapo.

Usually, whon substituents are introduced into pounie
tions along the oides of ﬂw' alongated moleculss, their
breadthes ifnoreospo. ‘The breadth of o molecule nay be defined
as the dliameier of the mmallest oylinder through which the
molocule will pass, ageuning that flexible parts such ao
alkyl chalino do not interfere. 7The lateral substituent will
have two opposing effects:

{a; Un acocunt of broadening, the lateral separation
of the elongated nolveules inorease, which lcads
to a decroease in the strepgth of the intecsclecular
lateral attructiong. Both suectie and nematic

thermaod etabllities are affected as a result of
this.

.12



{b) If the lateral substituent increases the
polarity and molecular polaxisaebilicy, i¢
orhancos the intermolecular cohesions.
7his incroases the themmal gtabilities of

both nematio and smeoctic phosca, especially
that of the latter.

Experimental evidence-® hss anown that effeot (a)
slways predominates when the pubstltuent inergases the
moleculsr separatiocn. In certain cuves such as L-halogeno-
and S-nitro=G-n-al koxy-2 -naphthole &cwa‘?? the latoral
substituent may actually incroase the thorml coubility
of the mesophased. In these campounds, the effuciive
breadth of the moleculiea i1s not altered smd the dipolar
and polarisability effects sentioned above operate. In
soae other cmw% a lateral substituent may eterically
affect the shape of the molecoulims. For exampla, a 2« or
2twegubotituent in a suiteble biphenyl derivative may twist
the phenyl rings relative to sach other adout 1, 1'-bond
st that there ins a thickening of the molecules. This
makes 1% A ffMoult for the molceccules to pack efficiontly
in a parallel arrangement, thus weakening the lateral
intemolgcular cohesiona, This resulis in a deorevased

themmc) stability of the liguid crystalline phases.

1.6 [Hesomorphic behaviour in a howmologoun sories

shen the liguid crystal transition tenperalures are
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plotted againot the number of carbon atoms in the n-alkyl
chaln of the moleoule, certaln smooth curve relationships??
are found for like transitioms. However, the gradients

of the curves may vary fron series to Serien, e will
prosent the results cbtained on a fow naw homologoun geries
of compounda in the subseent chaptexrs of thio theuis.
Howevar, some of the sallert featwres for a homologous
gaeries will bo mentioned here., The NH—X transition teape=-
ratures alternste and lie on two smooth eurves, one for

the odd homologuca and the other for the even homologues.
Umially, the ficat few homologues are purdly newatlc, the
aiddle onea are both nematic and gspotic and the higher
homologues are purely ssectic. It munt again be mentioned
that melting point 4rond in a homologoun serdies is unpredic-
table and no generallsations ean dbo made.

In a serien which han a teminal n-alkyl chain, tho

mﬁ —X for odd nmonbers have higher and thoge for even menbarn
lower values, as the soeries i s ascended. In a n-alioxy
substizuted series a revorse gituation 1s cobaserved. A
eommon behaviour for the two gseparate cwwves for a series

ia that both elther fall OF rise initially and then level
out, the alterzation boconming less pronoumnced as the series
18 agoended. The fallidy typoes of curves are acsoviated

with the serdien whooe menbers have relatively high H—12



temperatures. On the other hami curves which rise
initially and level out are associnted with serieca whose
members have a relatively low N—J teaperatures. Attempts
have beon madezg'm to explain the shapes of the I — |
curves Dy considering various factors such as anisotropy
of molecular polarisability, attractive dispersion forces
etc. But these arguments have not provided a complete

answer.

As a homologous series  is ascended, the added
methylene unit enhances the later intexmoleoular attractions
which would increase the themanl stablility of the mectic
phase. The usual trend is for the S—H <temperature to
increase as the series is ascended. This has been oboerved
in a number of homologous series,>1:32,33 However, i { nust
be pointed out that i N some cases the S—N transitions
are found to alternate i N the series,>2»34»39 Suftable
explanationn are yet o be given for these obeerved behaviour
of the £ —N transitions. In majarity of the cases, the
S— VN curve merges With the F—1I curve. In some cases,
the merging of S— N and N— I curves takes place only
after the 5— R curve had reached a maximum and fallen again
8lichtly. S— 1 transitlions closely resemble ¥ — I transi-
tions in their temperature trends over homologous serieas,
Par a detailed description of the behaviour of various
liquid crystal transitions along a homologous series,
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excellont reviews<>'22+3% L. avatlable.

1.7 Themodynamic properties of 1iqid crystale

The identification and charasterisation of phase
tronpitions Lis of gemsral iaportance. A phase may be
defined as 'any homogeneous and physically dis tinot part
of a chenical system which is aseparated from other parte
of the aysten by definite boundary aurfwzw'.” Apart from
the teaperatures of traxsition, many other physieal properw
tiues such as the dagree of order in a mesophase, tho tronds
in a homologous soxios of liquid oryesals, can also be
doternined from the themodynamlc data. The heat and
entropy of tramsition for homologous serics of compounds
have al o boan measured. From the molar heats of transition
g. the entropy change of trmoition can be calculated uning
the simple rolationship A5 = ¢/, where ? is the absolute
touperature. Since the hoat of the melting tramition in
very much larger than that of meaophase-isotrople transition,
these two have been sometines roferred to as the major and

minor calorimetric gvents rawpeotively.

It was Arnold”® who initiated the calorimetric study
of mesophages in a large nuzber of compounds. lo used the
clasaical adiabatic calordmetry for this purpose. Howsver,
the majority of the thermodynamic data availab le now have
beaen detemined froa dynamio oslorimetry. MIferential



thernnl analyela (DTA) and 4if ferential scanning calori-
metry (DiC) methods have been applied for the determinntion
of tenpernturcs, heats of transition and heat capoacitics

of wmim&x phases. Uaing D3C, one can get the informtion
with o fev milligrams of the sumple quite rapidly. Rransi-
tions can be oboerved elther on heuting or coollingy texpe-
ratures can be meamured to an accuracy of ~ U.1 *{3 transi-
tion energies can be detemined to a Laldy degree of accuracy
and a permanent recording is odtalned chowing the rate of
transformation as a furcstion of temperature. Hurcover,
80lid phasae polymorphies which 18 so comzon in mesophase
forming matoximla, can also be detected and recorded. Thone
trangitions are sometimes AL flicult to Qeteet opticually.
Finally, the absoluts purities of the materials under
invostigation can be estlimated. This is an fmporient factor
as the effect of ;xurity’g'm iz qulite conwiderable on the

heat and texperaturaes of transition,.

A large number of liquid orystal tranpitions lLiave
beon detocted and the available data glves a roush eatinnte
of the probable heat of transition for a particular type
of tranpition. In general, meuntic and cholestoric meso-
phoses ecxhibit small entropies of first order transition
to the isotropio liguid. Smeoetic-lzotrople liguid transie
tion heats are Live to ten times highes than those for L —1
trannitions. This indicates a higher molecular orxder in



the smectio phase compared to the mematic phase. Although
the smecotic-mematic traneition involves a change fronm

higher arder to a lower crder, a smectic A-nomatic traunsition
con do alnost soecond nrdar.“ A meeotic C-smeotic A transi-
tion which inwlves o continucus chahge in the tilt angle

has aleo bean found t 0 be almost second order in character.4?
Ro goneralisation can be made about the heats ol solild-mesophase
trancition., $his depends upon the paoking of the molecules

in the crystal lattice and morcover thore can be solid-colid
trawitions. Therefore, no ragular trend has been observed

for this tranolition in a homologvus sexiea. We have found

large heata for the mesophase~isotropic trangition in dise=-
shaped molaculen which will be dioscusged in clapter Vi.

1.8 Applications of liquid crystale

Liguid aryostals have teen used in diverse ficlds
auch as various dlsplay avstens, solvont fix nuclear magnetic
regonanoe speatreaospy, statdonary phaseo in gas-liquid
chromatography, 41 sposable thermouoters, otc. Howover,
sincoe the discovery of the dynanic scattering effeot by
fed lmeter?> i n 1963, the najarity of the applicaticns of
liquid orystala has been in the field of digplay technology.
This has been posuibie Lecause of the prouperty of nematlce
iludd oryetals vo orlent thencelves 40 eleotxic flelds.

The orisntation of the molecules | N the UN astate depends
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ON whether their resultant dipole moment lies along tho
ma jor molecular axis {positive diclectrio aninotropy) or
acrons the major molecular axic (negative dislectric
anisotropy). We will mention below tho typo of materials
neoded for di fferent types of display devicos.

Thexe are five fmportant cicotro~optical effecta
nade use of in display technology and these will be wery
briefly mentlioned.

(1) Electrically controlled birefringence (EUB): For

this mothod, materials of clthegr posltive or negative
dielectric anlsosropy may be used depending on whether

the nmolecules are allgned homogeneously or homeotropicallye.
In both oasus the nmematic phase should be of high resisti~

vity. “he offect can be obzarved beiween grossed polarisers.

{11) The dynamio seattering mode (D3): For this effoot
ed::ﬁucting nmmatiec liquid crystalas of negative diecleotric
anisotropy are remired. If the rogsistivity of the material
{8 high, then 1% can be suitzbly doped to achicve this
affect. I3 has certain disadvensages und therefore is

not widely used.

(igi) The twisted mematio (5H) effect: For this eoffect
noaatic liqudd cxyotals of high resintivity and high jouitive
dielootric anisotrupy are remuired., Decwise of the
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availability of excellent materials with guitadle.
characteris tica this effect iz very widely used, partie
cularly for electronio watches and poocket caloulators.

(iv) 7The cholesteric menory effect: Par this, a
condueting cholesteric liquid orystal of negative dleclecw
tric anisotropy ie required. Haterials with high resietie
vity can be suitobly doped for conductivity.

{v) The chalesteric-meumsiic phase change effect: IFor
this effget, cholesteric liquid eryetals of high resisti-
vity and high poasitivae dioleotric anisotropy are reguired.

A dotalled description of these electro-opiical

45

effeotes can be found I N artioles by &‘luot;t.ﬂ Gray — and

I n some baom.46’4'7 Homatic and smectic ligquid crystale

4

have becn used by Xelkew 9 in gos-liquid chromatography as

ntatlionary phasen, especially to sgparate geonetrical isoners
and thia technijgue has been reviewed by 3chroodar.w Smeotic
ligquild orystals have beea usmeifm in dMeplays using infrared
laser addressing. The unijue colour displaying propertles

of choleateric 1lquid ooyotuls whioh ohange with tamperature,
have beon detected DYy monitaring skin tenmperature using chole~
sterie liquid eryetals. Jhdis 13 possible bocause of the fact
that the ftouperature of the aiin in the vicinity sf %o

tunour is higher than in other parts. The uze of cholesteric

ligquid oxye Yaln bas also bean reviewed by Ciezm.y.w
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