CHAPTER 1

INTRODUCTION

tel  Liguid Grystals
hiquid exystals represent states ol mmtter
internediate betwes the oxystulline solid and the

isotropic liguid. while posassaing liguid-like
properties such as viscosity and surface Senmion,
they are strongly anisotropio and exhibit mmny
erystalline properties such as aptiocal birefringence,

elasticity, etc.

e fires chserwations of liguid exyssal line
behaviour, also called mesomerphirm, were nade by
th’ u_m"’ Several thousands of ergunic

compounds are now known %o form liguid oxryusals

(mesephases ).

Till recently, oniy long rod-lice molevtwles,

vith a high degres of geametrical anisotropy, were



known %0 oxhidit mesomorphism. However, in 1977
Ghandmasexhar et al> showed shat dirc-like molsoules
oan also exhibit liquid exystalline behaviour.

Liguid erystals can de classified into Swo
eategories - thermetropic amd lyotrapis. In Shexmo~
wopic mescmorphism, the orystalline solid Wransforme
t0 one or more mesdphases solely by the astion of heas.
Lyotropic mesaphanes ars odtained, on the other hand,
by dissolving tle material in mgmn solvenss. This

study deals only with thermoetropic liquid erystals.

The mture of molecular ordering in liquid
orystals differes from that in orystalline solids, The
latter is ommm by long range three Almensional
positioml ordering. In liguid orystals there may de
no long »ange positional ordering at all, or it may be
restrieted $0 one o two dimsnaions; in addition, thare
is leng rangs orientational oxdexring of the molecules.

In cotrant, lsotropie liquids exhlbit Mo lomg rangs



order af any kind. Based on the mature of noleculmr
ordering sxhibited, 1iguid orystals have been divided*

into thres typos -~ mematio, ohaleateric and smeotio.

() Nematic liquid crystals
m.mmm»-w_mum

mange orisntational order, Dut BNo leng rangs Yransia-
tioml arder. The long aws of the molecuies Tend o
ad i theuselwveo parallel to endk other (figure 1.t1a).
The average direction of alipment may be charecterised
by the unit veotor i, ealled the direotor. The nemastie

phase is optically uniaxial and strongly birefringent.

(v) Cholesteria liquid orystals

These are sssentially of the nematic ty;pe sxoepst
that they are composed of optically aotive malsoules.
Henoe the director asquires a twist abous an axir normal
%0 i%s plane and the resulting structure has a spatial
periodiodiyy.



(o) Smeotio liquid exystals

Smsotio mesophases are ocharacterised by &
layered arrangement of the mlccahs{ Their fluldity
is Gus t0 weak inserlayer soupling whioh allows any
two layers $0 alide over each other. Warious maleonlar
arrangements, with differing degres of ordering, are
possible within each layer and this gives rise te
different smsotio modifioations.

In the ameotic A pimse, ths moleculed poswens
a long range orientational order within gach layer, but
no long mange positional oxder (figure 1.19). The
A

director n 13 normal to the layer plane and the phase

is optically uniaxial.

The smsctic O phase is very similar %o the
smectio A phase exoept that the molscules within each
layer are tilsed with respect t¢ the layer normal
(figure 1.10). The tilt angle is aften tesperature
dependens.’ The phase is optiocally bisxial.



FIOURE 1.1

Schemtie representation of meluoulay
odexr in some liguid oryssals
{a) Resmtic (b) Imeotio A (o) Smectio O

ﬁmuumm.
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Two distinot types of smectic I phase are now
known. %+ 7 In one of them the molecules are stacked
in 'hexatio®' layers VOB in-plane Oh@? range pesitional
oorrelation and long range thres dimsnsjionnl six-fold
‘bond~arisntational' order. | A the othexr, the molscules
are arranged upright in a three dimsnsional exrystal,
hexagomal lattice.

The smeotic H phuse has a thres dimsncional
monoclinic aryssalline mﬁ.‘l Thete aXe Wwo Sypes

of Shiss & >b inoms and a<d in the other.

In addition %S¢0 thess thres, ssveral other smectio

modificasions have bean identified.

Mesophases whiich coour during both heating and
cooling are qud $0 be enantiotropic while thome

appearing only on cooling are said $o0 be momotropioc.

When & ligquid orystalline sample is contained
betwesn dwo glass plates, a large number of domains will



ba formed. Nach Gomain is well oxdered within itself
and can be charactsrised by its owm dixestor. Howewer,
the direosors of Aifferent domaine will all be ramiom.
The domains can de aligned in a ocommon direction by
various technigues inoluding the application of slectrio
and magetio fields. Seoial Wreatment of the glass
plates also results in such preferential aligusns, 1f
the molecules are aligned parallel to the container walls
the alignment 18 naid 10 be ‘hamogensous' (figure 1.2m).
If the moleculen mzﬂw perpeidicular t9 the walls

the alioment is said %0 be ‘homeotropic' (figure 1.2b).

The cosxistence of charncteristios common %3 both
salids and liquidsin mesophases gives rise $0 a wariety

of interesting physioal prap-uruﬂ.a

In the present
study we are pximarily concerned with She applieation
of same techniques of vidbrational spectroscopy to the
study of a few thermotropic liquid oryssalr of rod-like

molscules.
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FIGURE 1.2

Schggatic representatiom Of molecular alignment p—
e of windows. (a) Homogeneous alignment
(b) Homeotropioc alignment.



1.2 Vibratioml dpsotwra of Liguid Uryssals

The vibhratioml speotra of melecules in general
extend over the range 4000 - 10 o '. his oan be
broadly divided into %wo yegionss

1) 4000 %o ~200 om™!, the yegion of intemnal
modes, wvhare the vidrations are moetly intre~

molecular in origin, and

11) Below ~200 em”!, the xeglon of external
(1astice) modes, wvhere inmermolecular vibrations
are predominans.

Infraved and Zamam sSpectroscupy are the two
major techniques wiich have besn emplaoyed very exsencively
$0 probe thess Wwo regionmn, These techniques axre comple~
netery to one another. Infrared-active modes arise dus
%0 changes in molecular dipole moment while Raman-aotive
uwodes arine due to changes in molecular polarimmbility.
The $wo are mutually excluaive if She molscules has a

oantre of symmtry as ir the case with many simple



molecules. However, the complex organic mnolecules

which give rise %0 mesomorphiss possess almoot no
symmetry elements, 7o all vibrationil modes are allowed
in doth infrarved and Raman spectra. For the sams reason,
the interpretation of the spectyra also becomes extremely
ai1fficuls. |

This sftuation in respect of camplsx molscules
is altered to some extent by the looal symmetry Whey
often possess within specific groups of atoms. Thease
‘group frejusncies', identifiadble shrough systesasic
studies of a large susber of chemically related speciss,
are often useful in interpreting vibmtion apeotra snd
in sbtaining struotuml informmtion about the molecule.
Howsver, there 19 still the serious complication cmused
by overlapping bands to contend with. The probability
of band overlap is high sinee the nuber of vidrational
modes (31-6), in a molecule santaining N atoms, is wvery
large for mesomoxphic compourds,.



Apaxrs from salevtion ¥ales and band frequencies,
otimy spectyal features whioh can yisld useful informs-
tion sbout molecular and structural characteristics of
mesomorphic eompounds are intermities, shapes and
polavimtion of the vibrational bands. They ars gene~
mlly temperature and phase depsndent and oann often be
orrelated with the nature of the erystal-mesophase
transition, (- de— adexring and VW €
molesoulaxr interactions in mescphases, noleocular oconforwmer
tiamal changes and the dynamios of moleoular recrientations.’ !?

Denpite the comsideradle 4liffioulties and wwertainties
assosiated with the application of vibresiomml #pa —
soapio techniques w0 the study of nmg;ys.tﬂ&m
effort in this field has not been lacking so far.'? e
greatent interest has been in the homalogous pare aEoxy-
anisale (PAA) Series an extensive study of whase infrured
Spectra was first carried out by Maier and Eaglers.'?

™is work also inoluded dichreic studies of hamogeneously
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aligned nematic sasples. Amer and Shen'4 wtndied

s Ramais speotra of four members of the PAA series
in tshe region covering both exteraal and internal
modes. DPulkin and cowerkers'>'7 wade extenoive
atudies of both the Ranan and far-infrared speotre of
PAA. Mo (p-methoxybehinylidens)~p '~butylaniline
(MBBA) was ulso she subject of extensive investigatdoms,'®-21
A significant finding from thess studies ir the
osourvence of marked pretrmnsitiomal sffects at the
oryatal-nematic phase transition, They signify a
deurease in order in the oryrtalline phase as the
arystal-nematic transition is appromched.

In the intexnal modes region, vibretions of ¥he
Aydrooarbon tail have zeoeived oreat uttwuu.m’“
By studying the PAA homologous series, Sohaur>" has
ddentified the interesting ucoordion-mode of sthe end
chain. Several studies have focussed on powaidle
conformatiomal changes in the end chains in different

mescphases as alno at the oxysial-hematie mxum."‘""“



Neasuremnts of infrared diohroism have been uned
to deterning the order paremster <P, (oss 8)> of mese-
phases. 2729 o¢ gensideradly greater aLffioulsy is the
mtamuumummmmcm
phases. Nevertheless, they have been attenpbed with
succens and considereble interest.””’>!

This thesis deals mainly with several experimental
studies, both qualitative and quantitative, on the vibra-
$ion speotra of the different phases of A Busber of
liquid exyssalline matexials.

The prinoipal instruments explayed in She experi-
mental stulies reported in this work are a FPelytes FINH-30
Tar=infrared Fourier Spectrometer, a Cary-81 hman dpsotro-
meter with modified exsernal optios employing a Spectra-
Fhysios Re-Ne Laser as somxve, & Leitas doudle bDean prism
spectromster and a Perkin~-Xlmer D30-2 Differential
Seaming Ouloximeter. Broed detalls of these inatruments
and the experimental Seohnigues employed ars discussed in
ehapter 2. | |

The complex maleomlar strusture of mest liquid
erystals mkes 1% likely Wit their faxr~infured abuoxrp~
tion night arise fram ovexlapping cantridbutions both

due %0 iInmtramclecular motion and She pexmanent
4ipol e moment of the molecules. Expsrimentally, it ean



be gquite difficult to disoriminate Letwesn these

fastors and assess their relative importaiwe solely
from She spectra of warelated mess geonw. A systemasio
study of several hamologusswithin a given series, as

a funotion of end chain length, should lead %o & bYetter
undsratanding of the speotra and their depeience on

the moleoular struoture. While this appromch is evidens
in past investigations of several properties of liguid
erystals, including their Raman aad mear-infrared spsotra,
the far-infrared studies 50 far have only deals with
specific mesogens without any attespt to correlats the
apectral chanies within a series with the corresponding
w stuoture.

In chapier 3, we present the results of & Lfax~-
infraxed study of the first seven members (0, ~ 07) ot
the wall nown homologous PAA sexries in the xunge
30-210 en~'. The warious faotors that can possibly
omtribute to the far-infrared absorption ia she fluid

phases of these mesogens are considered. It is found

12



that Poley nblupm’z may be the dominant faotox

in G, = Qo But 11 camnot acoouns for the distiach
Wus«hﬁnﬂuwmwbunmd,-a,.
The ohserved decreasns in the intensity and the shify
in the peak ponision of this dband on going MG‘ %0
G, strongly suggest that this band ariginates from the
tsoreion of She end alkoxy groups about the phenyl-
oxygen bonda. This asaignment is alsc consistens with
(1) the virtual disappearance of the central band in

¢y = Cgs (41) the dichroic dehaviour of the band in O,
in the homogeneously aligned nematic phase, and

(411) the conaiderably reduced intensity of absampsion
in the liguid phass of the related mesomaephic @ampound
Prp '~anoxytolusne. e conol ude that in the camposite
absorption profiles dus to a syaposition of the Poley
and toroiomal bands, the latser mh’ibuﬂm b e anes
inoreasingly Lfmportant for the lowsr homologues of this
sexies.

Ghapter 4 deals with a far-infraxed and Raman



study of the 4iffersns phases of the smeotogen,
athyl-p-agoxybensonts (EFAB). It has two crystalline
polymorphs,>’ designated solid I and solid II, shat
are stable respsciively above and below 375 k. Their
faxr-infrared spectra show marked ochangss in the runge
30-160 on"'. Jurther, a oomparison of the far-infrared
Spectra in the range 0-210 em”' shows that the
spectrum of £0l1d I resenmbles that of the isatsropilo
phase, vhile that of the smectioc phase is highly
broasdened. These results are disouwssed in terms of the
structure, molecular conformation md peocking obtaining
in the different phases. In the region of the internal
modes, the sane Raamn frequencies are sboerved in buth
‘axystalline polymarphs although relative inseasisy
changes ocour for several bands. JFrom a compardson of
the Ranan Band shapes carresponding %0 she H~0 and Nel
band stretohing vidbratsions in =1id II axd salid I, we
conclude that in the 1attar oasve the reorientatioms of

the asaxy group ocouxr At a rate oo ¢low 10 affect the
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vidrational relaxation of these modes.

In ehapter 5, we present evidenos based on
salorinetrie, optical texture and infrared spectral
studies wiich strangly fndicute that p,p '~di-m-pentyloxy-
asxybensene exhibits a Aighly ondered emansiotropie

pmae below its nematic phase. Hitherto, thias
phase, observed i the temperature Fange 341.5 K - 349.5 X
on $he heating oyole, was believed %0 be a sdlid phase. Ve
also: examine the masture of the molecular dynamios
vhioh might give rire t0 this mesophase and show thas
configurational melting’' of the alkyl snd-chains oan
largely account for the chserved enthalpy Of the zolide

smsctioc transition.

A experimental deternimation ol the e oarients~
tional order parameters {Pp(cas 9)> and d"(m 4)>,

given by

+1
{P,(008 8)> = P,(cas 6)f(coe ©)d(c0s 9)

-



and
*!

{P,(008 0)7 = ?,(00n 9)2(con 0)d(00s ¢)
-l
f{aos @) is she molecular orientation distridu-

tion funotiomn, is of considerable interest from the
standpeing of the statistical theoriss of melecular
erdar 4n 1iquid oryesals.?® wile the wartation Of
<{P,(c0s @) ) with both temperanture snd moleoulaxr
strusture Mas been studied extenaively,
1ittle is known about the behaviowr of <P,(ces @) .
Polarined Razmn soattering from both homogeneously and
homestxrepioally aligned liquid orystalline
euerged as a majoxr technigus for the simultaseocus detex-
mination of the abeolute values of {P,(oom @)> and
{2,008 8)> .3° A pussling result emerging from shese
measurements is that (P,(cos ©)>1is negntive in some
dases, sspecially W — & temperature range olose %

ths nematio-isotropic treansitien.

In shapter € we report the results of a vombined



Reman arnd infrared study of <P (ees 4)> amd <7,(cos ©)>
in the lig 44 oxystallime phases of heptyloyanchiphenyl
(70B) and cutyloxyoyancbiphenyl (8 OGB) emplaying the
strang, isalated ~ONi stretohing vibration which liss
along the malecular axis in all sampounds of the cysno-
biphenyl seriss. The (?z(co- 8)> wluss deternined
independently by these two techmiques cempare well with

sach other and with previous birefringencs 'mmu."

ve compare the (P (cos 9)> walues of U8 and 8 OCB
with those af the struoturally related mssogan pentyl-
eyanobiphenyl (508), determined muMy.” Thene three
nesoges have identioal eyunobiphenyl ripid cores, bt |
differ in sheir alkyl end-chain length. We £1na & olear
decrease in the (P,(00s 9)> walues with increasing end-
ohain length. ¥This suggests that molecular flexibility
18 an imporwant factor in lowering Ws (?,(cos 8)>
values well belov tiw predictions based on the mean fleld

theoriesn.



In Appendix A we present a swmmry of the
theoretical bdackground oconowrning the laman msaswre~
nents of LPy{eom 4)> and (P, (ces 8)>. Whe provedure
and computation program used $o culoulate shess Lrom the

Rasan depolarisation ratios are given in Appendix B.
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