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PREFACE

Thic thesis describes some experimental

investigations caurried OUl by the author cn the
nenetic and smeetic phases exhibited dy several
gompounds and mixtures, The studles may be broadly

olassified as followa.

1

The firet juantitative study of the effect

of & ourl W distortion on the smectic A- nematic
tranzition point whick 18 analogous to the
influence of & mgnetic fiald on the super-
sondue tor-normal metal transition (ohapter I1).

Studies om the physisal properties of soveral
struc turally reiated new mesogenic compoundsz.
Interestingly, these inventigations have led

tO the observation of certain unysuwal properties
like large thermazl contraction of the bilayer
spaclog, & A" 3 A transition and the revercal

of the sign of dislectric anirctropy {chaptere
111, 1V and V).

Investigations on tWO binary mixturss axhi-~
Biting an induced svumectic A phage, the
reparkable feature of these mixtures beling
that they show in addition %o the commonly
oboerved saximum, & well defired minimum in
the ssmetic a4 -namatic transition boundary
(chapter V1).



4 Effect of skewed oybotactic chort range
order ON the dielegotric and conductivity
properties of binary sixtures exhiblting
the nematic phase. A steiking new result
ohtained | a those studies f8 that the
dieleotris anirotropy of & mixture reverses
itn «ign unusually becoming nggative st
higher temperutures {(chapter VI1).

In ohapter I, we give a general Introduction
to the zublact matier of the theslis and deseribe the
background work on the %toples dimcussed | o laser
ohapters. The sallent new rezults contained in

chapters 11~ ViI are nummarized beolow.

The crder pesrameter characterizing the smectic A
phase has %wo components, wiz., the amplitude and the
phare of the one dlmenaionael Jdenslity wave., This isg
anslogous to the order parameter of a superfluld.
Partier, constancy of the layer thickness in the
smectio A phase does net allow a ourl T type of distor-
tion, where T e a unit veotor, oalled the diveotor,
along the preferred direstion of orientation of the
moleculesr. This ir amlogou: tv the expulsion of a
magnetie field by a superconductor. Recvgnising this
analogy between the sestond order smectle A-nesatic

transition under ocurl T distortion and supsreon iuctor-



iis

normnl netal transition under a magnetio field,

de Gpnnes' in 1972, predicted that (1) the twist and
bend alaatic constante of the nemstlo phuse should
exhiblit pretransitionsl anomalies as the temperature

is reduced to I ., the ssectic A-nematis tranuition
pointy (i4) T,y should be redwed if & twist or bend
deformation is imposed. The fiiezt prediction has bean
the subject matter of a large numder of inxaatigatiana.g
However, no guantitative deterniration Of the phase
dlagram of T, va. lourl %1 hag been veported. The
first quantitative determination of wuch a phase
dlagran was undertaken by the suthor and the resulls
are prasented | N ehapter (1. W do indeed find ourva-
ture induced redustion in .. .

We used two experimental geometries OO0 determine
the phaee diagram of ¥, a8 & funetion of twist deforma-
tlon., In the flrst, the twist deformation iz prodused
by applying & magnetic field to & homogenecuzly aligned
saople. The tranaitlon point wan detected by monitoring
the 11ght soattered by bend fiuctuations in the sample.’
However, as will be dizcusped in ohapter IX, this
teehnigue doss Nal yleld yuantitative results. 1iu the
second method, we used a wedge shaped twinted nematic
coll tO get the yuantitative data on the redustion of
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QAH of K-pegsyancbengylidene-pt~oetyloxyaniline
{cB00a){fig.1) which hes almost second order A-H
trmaitxm.‘ and 4eneostyloxy-4 '-gyanobiphenyl (8 OUB)

3

which han a Very weak filrst order A-R trascition,” aw

a tunction of twiest defcrmation.

Studlies carried out in the mezophwves shown by
strongly polar compounds have led tu two important

6-8 and smectic A4 poly-

dieooveries, viz., reentrance
marphimm.g These phencmena rosult from the subtle
changes taking place | N the bilayer etructuree ol such
compounds The bilayer ptructure depends upon the
rutual disposition of wariow dipolar groups | N the
molooules. Motivated Dy there results, we undertoak
experimental Investigutions ON varioug phyyloal propere
ties of several structurally related liiuid cryetulline
compounds mort of them possessing strongly polss end
groups with bulky latersl sethyl or methoxy substi-

tuonts.

in chapter 111, We desoribe Xray investigationa
o the thermal evelution of luyer spacings in the
emectic A phases of 4~nw-alkylphen;les’‘-methyl-4'«(4§"-
-¢yanobengoyloxy)benzontes (nPMCDE }{see fig.2 for
structural formula), their nitro analogues (nPMIBB),
nPMeCCOBR (obtained by replacing latersl methyl group
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of nPMUBR by the bulkier methosy group}, nCFMeCBB
{obtuined by raversing oyano snd alkyl end groups in
nPMeQURR), nPre0OBrBE (obtuined by replacing the eyane
end group of oPNeGUBRD with a Lromine stom) oand
4-biphenylyl=4*-p-undecyloxybenzoate (B011). Our
studies indicate several striking differences. | N the
thermal variation of layer spaocings gmwongsd these
compounds. nNPNOBE, nPRIBD and nﬁﬁnﬂﬁﬁﬁ gompounds in
which the dipole momente of the linkage groups coppose
that of the termimal polar eyano (o nitre) group,
exhidit large bilaver spacisgs (>1.61, 1 18 the
molernlar length) which are extrerely sonsitive to
tewperature. In all these oampu, the lager spuoeing

increases enmxmau?%f a% the temparature 1t lowered in
& .

)
the emectic A phase. Nore fntexentingly, 10 FMOGD

exhibits a small jégg in the layey spacing (fig.4 )
at ¥~ 1 ~15%, Inis eorresponds %o an hg = by
traniaition accarding to the homenclature latroduced
by the Zoxdesux graup.g nCPMeURS gompounds, in which
the dipole moments &f the ester proups are sligned
paraliel to thet of the texrminal cyano group, have
smaller Biluyer spacinge (=1.3.L) and show very weak
thermal dependence. Thess reculits are disdusced in
of a modal in which mutual intermetions astween

a pair of molecules is ounsidered (fig.5). It can be
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seen that nelghbouring nOPMBE (or nCPNeOBB) molecules
poesess minimum finteraotion energy when thely aromatio
oores overlap (fig.%a). On the other hand, the dipolar
interaction between the polar end group of one molecule
and an ester Zipole O3 A neighbouring molecule (fig.5H)
iN nPMOBB, nPMEDE and nPMeOUBS series is repulsive,

ani the interaction energy san be expected %o be lower
when the overlapping takes plave Near the polar ends
(fig.%e). This leada to the differences in the dilayer
epacings and theiyr thermal dependences shown by the

two types of mplecules. RMarther, | N PPMCEB and similar
series of oompounds, the interaction is confined 1O

one end of tho melecule and the structure is rather
fraglle. A® the tesperature o raised, the structure
with overlapping nesr the polar ends breaks up

tends to take up the configuration with overlupping
of the aromatic cores. This |0 a voussguence of the
relatively weak intermolecular interactions fa these

e X because Of the presence of bulky lateral

methyl or methoxy group. Af a result, the layer
epacing Jdeoreasss with lacrsase of temperature.
nPHeOBrEBE compounde exhibit monolayer smectices.

Unlike compounds without any lateral substituerts, 10,11
nEMelBrdl compounde exhibit consideradble theormal
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Sochematic diagrams showing the disposition of various
daipolar groups of a pair of (a) nCPMBB, (b) nPMCBB
molecules with an overlap of the aromatiec cores, and

(e¢) a pair of apPMCBB molecules with an overlap of the
polar end groupe.



expuncion of the layer eépacing in the smectie 4
phase again due to the weaker intermolesulay interac~

tions because of the lateral methoxy group.

As We have seen | N the previous paragraph,
some of the compounds mentioned aarlier show large
thermal contraction of the bilayer spacinge while
others show weak thermal dependence. In order to see
the effect of such ohanges in the Bilayer structure
on the dlelectrie properties, we have also undartaken
dielectric stulles (both static and dizpersiOn studies
up to 13 MHsz) on some of them. The resulis are
preasented | N ohapter IV. The dlelsctzie properties
of the oompounds are |n conformity with the modeld
fesoribed in the previous garagraph. In some gl the
BPMIBR and nPMCBB compounds, the dislectric snisotropy
{oe = ¢, ~ 8,) reverses gign becoming negative at
lower temperatures in the smectic A phase (fig.6).
Suech o reverral oan be expeeted gven an the basis of
the dieleetric theory of nesatior dus to Maler and
Murm if the net dipole moment Of t he moleooule makes
an appropriate angle with the long axie. JXn RPMOBE
and nPMIRR compounds, there iz an sdditionad contribu-
tion to the reverszal of A€ from the varlation of the
Bllayer struoture. As \\e have sgen sarliler, with
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lowering of temperature, a large nusber of molecules
azsooiate in pairs with an overlapping nsar the polar
ende as An £ig.5¢, thus giving rise to an inoreasing
compensation of the longitudinal dipole moments. Thie
obvicwely leads to a lowering of As at lower tempe-

ratures.

We aluo present | N Chapter IV, the dieleotric
dispersion studies ON some of the above mentioned
conpounds. The differencen in the Bilayer altructure
botween nPMeUCBRE and nCPMelBB are reflected in the
relaxation process alsd. For instanae, in i1 PMeOUBB
in which the 44pole noments of the eater groups oppose
that of the terminal eyano group, the &} peak &

with iporeasne of temperature (fig.7) though one ~ @~ | a
normally sxpect A progreszive reduotion IN this level

as the %esperature ig increased. 'This iz ageln a
conmequence of the fragility of the billayer ptructure

of the compound and the conseyuent enhancement in the
effective dipole moment per molecule &t higher tempew
ratures Of the mectio 4 phese. Even in 11 OPMeOBB

and 12 CPHeOBB, IN which the dipole moments of the

ester groups are aligned parallel $o that of the terminal
cyano group, the pairs a¢ ehown I N fig.5s break up at
higher temperatures due to weak intermolecular interactions,
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and the peak of ¢/, has practically the same level

at s1) temperatures. Interestingly, the palr forma=-
tion of 14 PHeCBD moleocules with an overlapping

naar the pDOlar ends results in a broad relaxation of
¢, with a broad maxisum Al a particularly low freguenoy
of ~) 6 Mizs for this relaxation (fig.8). Apparently

| N such O structure, the pair reorients as & 2ingle
pait sround the long axie.

Gspally in s nemmtic phass, thes eleotrical
gsonductivity whioch arises due to 1onie fmpurities,
ia greater i N a Aireotion parallel %o the director
(c.) than that pexpendiocular % the dlrector
On the other hand, 3, £ ¢y 1in the sweotio A phave
as the ions can (low more easily in the plane 37 the
smectie layera than | N a direstion perpendiculay %o
shem.'* Barlier studses tuvs clearly shown that the
conductivity wmisotropy is strongly influenced by the
short renge order in the md&w.'s In particular,stud ies
by Mircea-Rouzsgl ot al.w b4 ye demonstrated & hatthe
tranuport properties behave Aifferently IS the bilayer
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and monolayer smectice. Since there are large
varistions N the bilayer structures in tha smeotie A
phase exhibited by the compounds nentionsd earlier,
we undertook sessurements of the principal sonducti-
vities o» these compounds, The results aure presented
in chapter V.

In most of the compounds studled by us, the
conductivity anisotropy ( Ao = o, = &,) changes sign
becoming negative at a 'eross over' temperature L4y
as the temperature is lowered towards I,, T~ Ty,
the &rose over tesmperature relative to rw‘ inoreasec
in the oxder: 11 PMeOUBE, 11 CrMeUBE and 11 PHeOBrEB.
Thie treud iz the same as that of Allm‘, the hest of
At transition of theze compounde. Une would waally
expeoct that 1f AHH A is »mull, the smeotioc like short
range order builds up far above T AN gnd henco the
oross over ghould ooour in the nematio phave H =
higher temperature relative to T anc e have inter-
preted the reverse trend | N terms of the perseation
provens due to layering | N the smectie A phase, whioch
results in Q lowering of a,. The lonie modllity due
to the permeution proovess | S 0462, where 4 18 the
layer thiokness, which aoeounts for the obeerved trend.

In chapter VI, we presont studies on the



tenperature variations of the layer spascinge,
dielectric properties (Doth ‘*static’ and disporsion
studies up %o 15 MHs) and conductivities bar weveral
compositions of two binary systems, each with a strongly
polar gomponent exhibiting a partial bilayer (a,)
smectic A phase and a weakly polar nematopgen. Both

the syctens exhibit a moxioum {(indicating induced
rmectic A phase) and a we3l defived minfoum N the

a~F transition boundary. The maximum ccours for
approximstely S0Omole per cgut of the components and

the minimum ceours fOr a composition rich in the highly

polar ¢omponent.

The two zysters lovestligated are: (i) p'e-nltro
phenyi-pen-ootyloxybenzoate (NPOCE) with (Z-hylroxy)=
p=athoxybenayliieng<p'~butylanilice (UH~EBR4) (see
Tig % for phave diagram), and (1i) ptesi~octyloxy-p=
eyanchlphenyl (8 UGB} with p-dusoxyphenyl-(p'-pentyloxy)-
bensoste (40.05). The mirdmus | N the phase boundaxy
Indiostes that the partisl bllayer of the polay compound
i structusslly Incompatible with the monclayer Charage
toristic of the Iinduced A phase. DSC studies show that
the smectie A-nematia trensition iz sirongly first
order for wixtures lylng near the maxlsoum of the A~N

transition boundary while St iz almost of second ovder
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oharacter for composlitions lying nesr tho minimum.

fue t O the presence of the lateral hydvroxyl group in
OH-EBBA wnigh inoresses ths Intermolecular separations,
the molesular interactions responsidle for the induced
smectic A phase are auch weuker in systesm I than in
ayeter I1. In aystem I, there is a conslideradle

thermal sxponsion of the layer apasing, %he expansion
coafficient attaining A maxinmum value for the composiw
tion corresponding B the zinimum | N the 2«8 boundary
{(£ig.90). But such a trend | S NOt very conspioucus in
system II, We attribute thie difference tO the different
strengtos of the intormolecular interactions in the two
systems. It appears well establizhed shat oharge transfer
sompleox formution batwaen the mtrongly poler and weakly
polar moleoules plays an lmportant part in giving rice

{0 the infuved smectic A phasu.” The competition between
the two types of interactions,vis., antiparallel asecoia~-
tiorc detwean the molesulere of strongly polar am-peundam
and gharge tranefer intevactions uuivesn the molecules

of etrongly polar and weakly polar molecules Jetarmines
the phyeical properties of the mixtures. The assselaw
tion betwaen the strongly polar and weakly polar molecules
which becomas more effeotivae st lower temperatures |leads
tO several interesting effeots on the dlelestxie
proverties of the mixtures: (1) the strengly polar
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molecules contribute more sifectively to the polarie
gation in the amlxtures than in the pure compounds In
which antiparallel interactions betweer nelghbourdng
molgonles roduce the effgotive dipole moment eontri-
bating to the solarizuation., Conseguently the ¢, WValues
of the mixtures are larger than the values calculuted
from an additive lawy (2) the charge tronsfer oompleres
can be exnected to have a conziderable transverse
polarisshility. Thir rerults N an incrssse of ¢, a8
the temperature 1z lowered in all the mixturess

(3) the dipolar correlation factows in the luyered 4
phaze ¢in be expected to lower £, @8 iv ¢learly seen
for coxpozitions ¢love 1O the firet order & transitions
near the maxlisum of the phase boundary. €, dJdecrsapes
with @ Jump at I, in these compositions, but as the
tespersture | S lowered in the smeotic A phase, the
effect (1) mentioned abwve leads to an ingrease of g,
and hence that of 2Aer (4) on the obther hand, for
compositions ¢loce |0 the minimum in the i<l boundary,
which bave a nearly second order a-i transiilon, the
smectic oxder and hencve the dipelsy correiaitions oan be
expocted to iverease sz the temperature is lowered.

e, hence does not inoresse much at lower touperatures
and effect (&) mentioned above leads to a dgerease of
Ae at lower tewperatures (fif.11).
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FIG.11l: Dielectric anipotropies of mixtures of NFPOOB
with OH-EBBA as functions of relative temperature.

The numbers against the symbols indicate mole pesrcentages
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Further, these interactions also lsad to
higher activation encrgy foxr the relaxation of €, IN
the mixtures compared %o that in the pure highly jpolar
component. In system I, the composition corresponding
o the minfwum in the A M boundary hae the jowest
astivation enexgy i N the nesmtic phase, probably as a
consejuence of the second order nature of the transition
irn this case. The smectic like short range order would
be gquite strong in the nematic phese and thie [N turn
would lead to & lowering of Ma activation guergy. In
syatem 11, in whioh meacuyements cun be mde over 8 wide
yange of temperatures in the irdueed A phase for compo~
gitions clone Tt o the maximme of the AN boundary, the
activatlion energy le found to lnersase continucusly as

the temperature ie lowered (fig. 12).

The conductlivity anlsctropy changes £lgn, becoming
Aggetive awn we cocl the sample towapds T, in 21l cesas.
Clore to the wmioimum of the A6 boundary of syoten I,
ﬁﬁﬁr-w ?ﬁaj arhiiblie a mexiswm (Fig.13) shouing the
gtrong influence of (he strengih of the 48 trancition on

the wrancport properties In these nycteme.

In chaster VII, we study the elfect of skewed
eybotaotio structure on the Jielectrio ooiw Lants and

gonductivities of some binury smixtures exhiblting the
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PIG.12: Plat »f in Ty ve.l/® in the case of a mixture
of 63.5 msle per cent of 8 OCB with 36.5 mole per cent
of 40.05, where f, is the relaxation frequency corre-
sponding to €/} peak.
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ratures of the conductivities of mixturea of HPOOB with
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nematic phaze. 2Zwgyano-d-heptylohenyl-4'=pentyledw
biphenyl carboxylate [7p(208)580], a nematogen having
& cyano group rakiang a large angle (~60%) with the
long axis of the molecule, has g ckewed oybotactio
ptructure (smectic ¢ like short range wrder) in the

[
L Intersatingly, ne smeotlic ¢ phase ie

nematic phase.
obzerved at lower temperatures. fThe tilt angle of the
skewed eybotactic siructure deecreases from ~ 487 at
25°C to ~40% at B7°C. we have studled mixtures of
TP{208 580 with heptyl-oyancbiphenyl (7C8) whioh has
B eyang group aslong the long axis of the melecule and

heance a large positive Ae.

TP{2N)55C has & moderstely otrong nepative
dlolectric anlsotropy, with the mixtures having values
betvaen those of the %two pure components, In particular,
a mixture of 8% mole por cent of TP{2CH)SBC Wth 19 mele
por cent of 708 exhibite very low waluer of Ag , and
fayther, & reversal of sign of Ae a2 the temperature
io varied, unusually beowming nggative at hicher tempe-
ratures (£ig.14). Sueh a trend has heen observed Loy
the filrst time. This trend 12 opposite to that predicted
by the Maler-Meier thevry of the dielectrie pronertiecs of
nematices. The roverse trend cun be accounted for on the

basis ¢f the tesperature wariation of the tilt engle of
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constants of a mixture of 85 mole per cent of
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the skewed oybotunctic structure | N thie mixture. IThe
oonductivity anisotropy (Ac) of these syctess have been
inveatisguted for a range of frequencier from 300 lz to

3G EHz. In TP{2CH)SBC, Ao ehanges sign decoming negative
at higher temperatures for all frequenclies Investligated
(£ig.15), again a conveyuence of the lowering of the tilt
angle ol the cybotaetie graupe. Further, at lower lempe -~
ratusesn, the influence of the g, relaxaticn leads to an
ingresze in the meazured value of the conduntivity ag a
function of fraqnﬁncy.ag Uniike 4in normal nematics,
however, both a,, and o, of 7P{2CH)S5BO increave with
frejuency, practically DY siwilar megnitudes, whiech is
again a congejuence ol the skewed eybotactic structure

in the medium. XN mizxtures Wth relatively large mole
fracticons of 708, the temperature variationz of the
canduetivity anisotropies mre governed by those of the
strengths of oyboetaotie grouss with relatively low tils

angles.

Some of the rozuit: dizonssed in this thesis are
reported in the Follewing publicutions.

1 Some umurual propersies of 4en-decylphonyle’'e
me thy g =4 -nitrobengoyloxy Ybuns cute.
B, Vodadhueudana, B. &, 8rivaonts and M. Subramanys Ral Urs.
Molecular COryetals & Liguid Crystele Letters, 82, 25
(1582).
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E x 107 (ohm em)™t at 42%.
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