CHAPTER X

INTRODUCDION

Diguid oryetals, as the name 1teelfl suggests,
are atates of aggregation that are lntexrmediate bedo-
ween the erystalliine solid and %0 isotrople liquid.
A liguid erystsl has fluidity, which in some caser
may b6 compurable tu that of an ordinapy llgquid, while
zome other provertics like birefringence are rewini-
seent of those of an anlestropic orystalline phase.
Many organic compounde composed of wmoleculesr having
shape anjeotropy are known {0 exhibit liguid oryntalline
phases (Of mesophsses). Thens in generel are olassified
into (1) shermotropic liquid crystals end (1i) lyotropic
liguid oxystale, In thermotropie liguid orystals, the
traneitlon to the wescphave fa obtained by the effect
of heat. On the other hand, lyotroplic mescmorphiem le
brought about by the influence of solvents. Some goneral
reforences coverdnyg the subjeet are the monosgraphs by
Chandrasekhar (1977), de Gennes (1974) and Priestley
ot al (1574).7

Though liiuid eryectuals of rod like molovules have



been known for a long time (sinoe the discovery of

119uid crystals by Reinfitzer in 1868), mesogenis
compounds egonmposeld of dimo 1like moleooules were dlacovered
only recontly by Chandrasekhar et a1.2 In this thessias
we are exciusively concerned with thermotropioc liguid
eryetale of rod like moleculaesn,

1.1 Qlassification of Liguid Oryetals

rmoae:s.’ clazsified thernotropic liguid oryutals
aof rod live molecules inte three typec depénding upon
the moleculayr arrengewent. They are (i} nematie,
($9) cholesteriec, and (1i1) smectiec.

The neratic phaze (aloo referred %e as N phase)
iz characteriged by & long range corientatienal ordexr of
the molecules, with no long range translational order,
The moleculur order inoan N phase iz chown schewatlionlly
in fig.t,1a. The moleocules are spontaneously oriented
with %heir long axes having a potential encrgy minluum
for a direction parallel to a preferred direction oslied
the divector ( n ). e Jirector ie apolar, 3.0., '
and -n are indistinguishable. The properties of nematio
lizuid oxystals indioute that the § phase ie optically
unjaxisl (optic axis along ® ), pueitive and strongly
birefringent, {(Revently, bdlaxial nematiocv have been

dizoovered in lyotrople ﬁeymemﬁ}



The cholesteric phaase, somposed of optioally
agtive moleoules, ls essentially an H phase with a
s0r9¥ axis norasl %0 the director (fig.1l.1b). Thise
helicity imparte certain unigue optiocal propertiss to
the phame like wery high optical roiatory power amd
seleotive refleetion, DOth along the twimt axis.
Bormally, the pitoh of A gholeateric is hizhiy ssnsitive
t O tenperature. For all praotical purposss, the
cholenterice are theranodynamienily 1dentioal 40 nenatios.
But | N recent times, come asholesterie compounds have
been found to QO through an interznediste phuese oalled
the blue phase before melting iNtO the isotropic phage.
We shall not be interested N the cholesteric phase | N
this thealn.

fmestic liguid orystalm are charascterised by
staoked parallel layers of asolecules. Depending on
the moleaular arrangement withis the layera, sneotiens
have boen clasaified into seversl types. Amoag theve
oniy the muectic A und enectio U will be of interest
%0 um in the present thegla.

INn the smectic A phaas ( alas referred 2 a3
A phase), the sveraws orieantation of the molecules iw
along the layer nomal with a liquid like organization
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Fi@G.1.1: Schematic diagram showing the molemlar arrangement
in difPerent tynes of licuid c¢ryastals, viz., (a) nematic,
{(b) oholsstoric, (¢} smectic A, and (d4) amectic C.

'3 denotes the director.



within the layers {fig.l.la). Samsotic A liguid
erystale are eptically uniazial, the optiec axis being

normal %o the plane of the layers.

Smentio ¢ onn bhe regarded aa tified form of
eagsotic A, In this phass, the moleocules in each
liquid lager are tilted with respeet {0 the laysr
normal {f£ig. 1.13). Smectic 7 liquid orystals are
optionlly biaxial.

font messcgenic molecules have ocentral aromutic
aores which are quite rigid and relatively flexible
alkyl chalus At ons or both enda {(fig. 1.2).

We give below pmome typlanl examples of compounds
#xhibiting mesophases along With the aequence of phage

transitions.

1}
4'~n-pentyl-4-gyanodbiphenyl (SCB) 5

22.5% 159
eryghal ~————--3 pomutiqg €

? isotroplo .
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Chemilcal atructure of a typical mesogenic

compound



(11)
Cytg =4 _P—Nz=He— =N~ D, Hg

ferephtnal-bis-n-butyleniline (1nBa)°

113%¢ 144,170
crystal w5 gnectic ¢ &> smectic ¢
P )
5‘3‘.8 0 ‘?2’30‘:
smoctic ¥ smectic A
19%.6%0
nematie
oryatal ,
236.5%0
izotropic

I the traneitions to the liguid erystalline
phase ovcur both during hesting and cooling aycles,
then they are saild to bo 'enuntiotropie’ whereas £f
they ocour only in the ccoling mode they are called
‘monctroplet. For example, in TBBA, the smeotie H
vhace oeours only during cculing snd hence is monotropic

in charactey.



1.2 Allgnment of nematio and smeotic A4 liguid
orvetals

in a mopodomain sample of & nenatlice O smeptic A
ligueid eryvetale ¥ iz in the napme dircetion through out
the sample. If, in o sample enclosed between two plane
surfaces, the dizector 1 aligned along s dirvction
parallel to the surfaces then it Lfs referred to as
homogenaous alignmwent (fig.1.3a). It oan be obtalned
in the N phase by unidirectlonal rubbing of the surfaces’
or by coating the surifvoes at an oblique angle with
sillicon mnoxwee,g or | f the diamagnetic anlzotropy

AX >0 5 Dy applying a strong wagnetie Ileld in a
direction parallel t 0 the surfasces. Homogensous align-
ment of the director in the & phere can be obtained by
cooding slowly a homogeneouwsly aligned ssmple from the
K phase, eapeeislly if the emectic A~mnematie trancition
is nearly second order | N character. If the director
1z aligned perperdloular to the sursfoces, the allgne
mont 18 said to be homeotrople (fig.7.7b). Thi: can
be effected by treating that zurfaces with surfactante
lixe lecithin or eetyl trimethyl amsonium bromide, Of
It AX >0, by applying o strong mgnetic ficld perpendi-
culer to the surfuces. The smsctic 4 liguid oryetals
oan b rel o tively sarily aligned in tue hosgotropic
Bdate, as the layere wonld prefer to be parellel to the

bounding | lates.
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JURE 1.

Schematic representation of (a) homggeneous
and (b) homeotropic alignments.



1.3 JHNematle Liguid Cryutale

A8 mentioned sarlier, mematic liquid oryutale
have long range orientutionsl order with no long range
correlation in the positionz of the moletular centres
of gravity. The degree of sligament of molecoules 4in
the uniaxial ¥ phase is specified Dy an orientational
order parasseter 3 daf&nﬁag as B ~:§(32§§§”§ - 1),
where & iz the angle bhetwesn the long axis of the
molecule and the air&etor'ﬁ', the bar ipdicating a
statietioal average. Por perfect orisatation, when all
the molecules ave aligned i N a single direotion 5 w» 1,
and for the completely dimordered isotroplic phase 8 » 0.
In the ¥ phace 3 hae an intermediate walue and dedreases
with inereasze of terperature. The rate of dedrense of
3 i¢ emhanped 2m the newatic~Luotropic point (?ﬁx) is
approavhad and Lun all cusos dropd diccontinuouwsly from
a finite wilus to nero 6t Iy, indientivg a firet order!
phace transition. The orientational order poruaelexr
out bte determired experisent:lly DY etulying varicus
phyedeal propertlies like dlamsgnetic apd nrtleanl

snlsobranien.

(1) Boleoulox Nodels
Ad &n&a&ar'ﬁ {194%) originally :howed, the shape

anizotropy of $he molacule ltsel? i: adeguate to ensure



the otability of the oriertationslly ordered K phase
when the number density of the molecules exceeds a
sertain value, even in the absence of iatemmoleoular
attractive interasctlions., Later Maler and 3&upa*1
develoged a simple otatiytical mechanioal thwory of

the N phase based enticely on unisotrople attractive
intercotions and ignoring the shape wmiuotropy
comwpletely. In thies theopy, the dipole~dipole part of
the anizobvopic dispersion forees fa suppoted Yo detor-
ming the otability of the § rhase. AN analysis of the
mesoured thermodynasie projerties of various vematic
1d0id cryotule showe that Both anlzctirople shape and
attractive Intersoblons plyyyfupoertant roles 1n & @tar-
wining there properties, in the mean field
approximation, the molecular distribution funetlion oan

be wiltten as
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where A{fP) and B(P) are density dependent terus ariuing
Trowm the nuwred rod and atirzactive parts of the lotep-
molecular interactliovne respectively, and oy the angle
made by the long axis with the director. 4 statieotical
theory based on this Motribution function lealds to



reculte which are in broad sgreement with the

exparinentsl pesults.

{i1) Qurvsture elastioity

The state of uniform directer orilentation
1S the configuration with the lowest free emsryy for
& nematic ssmple. 48 such, 1f there is a curvature
of the director, restoring toryues come into play
trying to reztore the medium to a state of anifara
aligoment. The curveture of the director cumn be
analysed into three Gasic deformations, viz., splay,
twist and bend whieh are soeheratically represented in
f£ig. 1.4, The elastie freoe eneryy Sensity of a non-

uniforsmally oriented sample iz given by
Fow %[K”(mv ﬁ)a +. LOPAS B+ ourl m )R

+ KW( n x curl R )2}
whare Loy K. and K‘;'%B are the osurvature elastlie

soustants correnponding to oplay, twist anl bend

reapesilively.

(131) Xpay diffrsction patierns
The Xray Qiffraction patiern of o rvandomly
griented nepst:o has one laver ring (Glffraction ring

elotg to the centre of ihe dlffruction patters with the
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HQ14 : The three types Of basie distortionsin a
nematiec liqid crystal



diffraction angle ~ few degrecs) and an outer ring
{diffraction angle ~ 20°) and both are 4iffuse.
Isotropie phases hove similay diffraction patterns,

but the inner ring 2S generally more diffuse than that
far the ecorvesponding N phagse. Aligved saiples ave
goner:illy used to distisguish betwean the twe phases
by Xray technigues. In the caze of a nematic allgned
with tis Jrector normal o the incldent beam, say with
an external magnetlic fleld, the wings split up into
gregcents whereas an isctyopic medium cannot be allined

and eontinue to exhibdt ring:.

The outer ring is averibed to the averaye spacing
wgtween the nearest nelghtonrs | N the direction par-
pendioular t 0 the director. The way this ring splite
up when the nenatic e aligned gives Information about
the mean direction of the long axis of the moloculeuny
tha erescente ave formed | N 5 direction perjendiculax

to the diresctor.

the diameter of the inmer ring ls rolated to the
levgth of the molecule. The way in which this splits
up for an adigred nesatle glver infocmation about the

natuve of ahort range order.

Xray diffrocticn esbuiles by Chicbtyakoev and by

de 'G’z'ieﬁw have shown that some ¥ phases pousesy smectic



| i ke short range order. One ean think of a group of
molscules 4in the N phasze {called a eybotaetic group)
ir which the molecules are arranged | N layers, fe@.,
in which & short range translational order exis to.

If the angle between the long molecular axis and the
suwectic lice layer: i# Offferent from %0% (smectic €
like urder) the group i known a2 pkewed oybotagtie.

If the avgle im Y0¥, then it 1. galled mormml cybo-
taotic. The opall angle diffraction patterns of aligned
sanples of skewed cybotectic newmatics eonziat of four

guebs wherear norxal eybotaeticy give onily two epotu.

o4 Soectic A Lijuid Crystule

Exporiventally 1t ie well kneown that the lower
members of A homologous series {(l.o., oompounds with
smeller alkyl ohains) exnibit only the N phave. The 4
phace appears when the alkyl chain | 2 made welntively
long (fig.1.5). The flcet smectogen in the peries showw
a second order O a ralutively weak first order smectic A-
nesatic (&%) transition, 4z the chaln length iv inoreased,
the nematic pange decreases and the heat of the 4=l
trancition inereases (fig.¥.5b), and Cinally beyond a
partain length, the A phawe goes over dirvectly to the
isotropic phase, These obvervaticns can De understood

en the baels ¢f the arsuuptlion that the strongest
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iatermolecular attractive interactions are confined
to the aromatic cores of the molecules. This would
obvicusly lead (0 the Fomation Of a layered arvunge-
ment of molecules {(oharacteristie of smectlie phase)
having relatively long alkyl c¢halne at both the ends.
Thiz ic the physicul idea bohind Motillan's'® melecular
theory of the A phave. He eztended the Maler-daupe
theory of the nematior to the A phate by assuming a
dencity wave along the director and fntrofucing a

trans lational order parmmoeter. JAssuming that the
trensiational and orientationasl ordere are wouplad,

the one particle ddtribution function fa writien as

) 2
£z, cos &) = exﬂﬁgf%{&ﬁ + OX BoE (34?)} cﬁmgﬁ,@ln

S d oo
whesre w<fema(ggé)(§a°$g @21yS 4¢ the coupled order
parsneter, a = Qextp{w(ﬁmﬁfd)&} whers r, is of the order
af $he length of the rigld part of the moleunle, 4 the
igs-aaﬁ g =1

layer thickneca and § (= & m..ﬁw.ﬁmw) the orientmiional
Golet parane ter and k@ the Boltzuann coomtant. The firee
energy can then he easnily written and the solutione

mininizing the free energy are of the form

G A O S p 0 {4 phase)
¢ = O 5 # ¢ (W phace)

and o = { & = 4 {(icetrepic phave).



Detailed calovlations hased on thiz thoeory broadly
reproduaes the experimoninl trend as a function of
chain length. In particular, the theory prediots
that the A= tran:ition ie of second order ehnmracter
if the ratlo (T,,/%,) < 0.87 and 1o of first order

for Wigher ratios.

1.5 analogy between supercond uctor-normal metal
transition and the smectic 4 ~nematic transition

T Y W e T o i

A8 we have noted earlier, the A phase is
gharacterized by a density wave along the directov.
ihe density along the X axis (dirg?tor_ﬁ?)!ia wall
Sape gt b : G T ¥
described by L= L1 + Fa{(v| e
A ™ 2u/d, 4 being the layer cpacldng and @ a phase

j je where

fagtor which defines the position of the layers and

|'v| the smplitude «f the dan:ity wave (degree of smoctie
order;. ihe seeond and highey order sarica avre hardly
reen 1n the Xray diffracilon patiesn frow the A phase

of wmout of the eﬁmpaunﬂa‘? thug confirming sinucoldal
density modulution nlong the director. PFMig.l.6 depicts
sehenatlondlly the smectio A layering with ity sinu-

soldal dengity wave.

Thus the & phase 12 oharsoterized DY & two coumpo=

nent order pavameter. The $wo componert: ara the amplitude



FIGURE 1.6

Jcheaatic Aiagram of amsctic A phase wWth ite one
dimenslonal density wave along the average direction
of the molecular axis.



and the phase of the density wave. This ls analogous

to the order parmmeter of a &apwwfluid.jé’t&

In uny layered arrangement, as for example in
the 4 phase, twist and bend deformutions ¢hange the
iayer spacings wileh reguires very bhigdh energy. These
defocmations are therefore forbidden in sn ldeal 4
phace. Thie 1o anelogous 1o the abeence of @ magnetic
field {curl 3?) in a superoonductor. he close analogy
betweer seccnd opder 4N trancitlion undes curl B
gilztortion and supeicondustor-normal metal transition
wnder & mapsebtls 2Iedd was retegnized by de @annm&fa
Baged opn this anslogy ha predicted (1) she divergence
of twist and bend elaztie cunsteats as Ty {smectiv it—
nematic Praecition podunt) 1S spproachned from the nematle
side, and (i1) a reduction ia i,y of a dDematio sample
with a.cuxﬁxi? type of Jeformtion due $o the expulsion
of this Yype of purvature defornsilon from the A vhase,
This iz agale analogous (0 the reduction of the susare
conductor-nymsrl metal trancitioN peint wnder the
action of an exterms)l pagnetic fislid. 4 large nusher
of exporimenital {nvestigatlons have been garried out
an regards the divergenge of twisct and bend elastic

14

oone tantsy., Gn the other hand, ihere has been NO

guantléative fnvertlotlon of tae veeund wedictlon.



We have made the firet measuresment of the phasze
diagranm of rAR aa o function of |euri ﬁW distortion.
Thie form: the zubjecet metter of chapter II.

1.6 Aray diffractiom from smectic. A . phase

‘The ope dimenslional translstional order found
in the & phase 1s reflected in Xray diffraction patterns.
Rendomly oriented smectic 4 samplez give sharp ioner
ring and a 4iffuse outer ring. [N an aligned monodonaln
sample, the langry Jiffraction is concendrated fn two
*Brage spotet along the Mrovtor and the outer ring in
two erescents. The line jJolning the lmmer apoto is
normal o the line golng through the centrassf the
puter mxiva; irdicating that 2hr ddrector ig perpendi-
oular to the smeotle planpg. The di: tunes Detween the
Ianer spota Lo relstsd to 4the layor epacing (or layer
thighknesa) while thet helween the outer diffuse maxima
correr pendr o the dictunce betweern the nelghbous ing

nolecules 1N the rnlane of the luyers.

A one dimenslonal $rans letiomal osrder in an
infieite J-dimensinnnl oy tem eaanot have long range
order dus bt the Tandnu-Felerls  inctubility of zuch a
aya&tem.aﬁ T™his iz reflontsd in the Xeay diffraction

rom the smeetic A legers.  High cerdlutlon etallern on



monodomaln sanples have shown that the dlffravtion
intensity decays as ~ 1/(3 = g,)* in reciprocal space
(where x = x(1), and q, » 28/8) rather than (g = q,)™°
variotion of intenslty of a Bragg diffraction axielng
from a gyster with & truely long reange translational

el we will however not be interested in thene

order.
finer detalls of Xxwy diffruction from ssectio A

1iguid crystale.

One can intuitively expect that the layer
spacing of & smectic & liguid eryetal fe eyusl to the
molecular length, as is indeed found for all weakly
polar compourds including come studied by we (which will
be reported in chapter 11XI). Howewver, this is not true
foxr coampourde with atrongly polar end groups, as will
be discusszed in the next few paragraphs.

1.7 Hematio and smectic A phases exbibited by
compounds with strongly polar end groups

The synthesle and studieo on the mesomorphic
properties of compounds with the strougly polaxr cyano
anl nitro end groupes have been a rather feortile fleld
of fuvestiyation over the past deoade. The initial
motivaetion for such studiles cane from the 1nr¢ntian
of the twleted nematic dlapluay ﬁevicezaa the compounds
with strongly polar end groups ounh have a large aunluetropy



of dlelsctric constant At (= &, - €; , Bee later
cections) and hence 8 relatively low voltage for
operating the Adlsplayx. The vary firet systematio
gtudy of the dielectrie properties of such compounds

by 5ohadt®’ led to the interesting observation of a
positive Jump in the mean dieleotric constant

[€ = (e, + 2¢,)/3] at the nomatic~fzotropio transition
polint (ﬂﬁI)‘ mhg: wee interpreted by Madhusudsna and
Ghanaraﬁukharafiamiains Irom ansiparallel dipolay vorre-
latione between nelghbouring moleculesn. 4 Msgontlinucuw
deor¢ase N the antiparallel ordering st Ty resulte in
a positive Jump in €. It ie worthwhile noting here
that the wery first statisticel theory of the N phase
wae given by Born in 2%1625 by assuming that strong
longitudinal dipoles associated with the rod like mole-
cukes would give rise %o & ferrveleotrio order. However,
as e have noted earlier, 'the director has been found
to be apolar and the N-1 tromsitiom is of f£ir«t order
character, which are gontrary to $he resulits of the
Born's theory. The thermodynasmdc properties 05 the N
phase has been well explained by Maier~iuupe type
theories, as wo cutlined earlier. The N phusne in a
I-dimensional liguid, an8 the antiparallel vorrelations
between neighbouring strongly polar wolecules have only
a short range oharacter. later Xray and neulron



soattering investigations in both the A and B

phaaa&.25'27

exhidited by compounds with oysno end
groups revesled layer spacing~i.4 tiwes the mole=-

culax length which 1s a direet coneeyuence of the
antiparallel interactions Letween neighbouring molecules
in these compounde, Aswe have noted earller, the
etrongest intermoleculsar attractions are confined to

the rigid molecular oores, and the slditionsl polar
interaotions fevouring an antiparallel orientation

leadn to the structure showm [N Lig.1.7. This inter-
digitatlion of the molecules with an overlap of the
arcmatie sores ¢ known as Bilayer struoture, Further,
the antiparsallel interactlons ean be expected to lead

to the Tormaticn of ‘antiparallel psire', since a third
moleculie would feel 'frustrated' in 1te poluor interactions
with hoth the smolecules of the pair. As interesting
consaguence of the formatlon of such antiparallel paire
is that they are much more symmetrio than the individual
molecules which are highly ssymmetric because of the
presense of the alkyl ehadn at one end and a polur group
at the sther. The mirs have alkyl chalus at both the
enig and ithe MeMillan Mgummw rogarding the conditions
of formation Of the A phasve i1s now valld for the palr

and hence many such comgpounds with strongly polar cyano

or nltro end groupe show the A phaﬁa,éa Phe A phace



25.7 A

PIGIRE 1.7

Schematic dingram of antiparallel local structure in
pentyl-cyanobiphenyl. The repoat distance along the
nematic axis ie about 1.4 times the molecular len zth.
( After Leadbetter et al.za)



thue formed is referred m a8 a bilayer A phase.

Even 1f these atrongly polar compounds 4o not exhibit
the A phase, zmectic like short range order having
bilayor eharacteristics have been observed in the B

26 The structure of the bilaysr

phase 5 suck compounds.
ie an extra degree of freedom avallable to such sy tems
and gives rize to seversl Iintevesting phenomenon like
reentrance ¥=35 and polymorphism of swectic ﬁ?ﬁ"ﬁﬁ

which have deen dlscovered duriag the past few years,

{i)_&aeaﬁgﬁnt phases

The usual seguence of trensltions cobgerved on

cooling a mespyen showing both A4 and § phases is
Iaotronie ~» Neng tie ~» Smpotic A -d Upystal.

Nowever, Ciadis®> found thut some binary mixtures of
vompounds with oyane end groups exhibit the following

new aejuence of ghase btranpitions,
Isgtropic =¥ Nematic —» Smeotic A > Kematic ~¥» Cryatal.

The B phase ocovurring at temperatures lower than the
stability »ange of the smeotie phase i eulled reentrant
pexatic phase, Iin analogy with similar reentront phaces
ohuerved In superoontuctor doped with megmetic impupf~

*ﬁmaw and the solid-liquid HQB tmmi%iots.“



Sueh an interesting phase sejuence is found

both in mixtureazg t32“35

B0, %1

and pure tompoundy & and

above atomoepheris preesure. Gystens exhiblting
& reentrant spectiec phase below the tesperature rangs
of the reentrant nematic have also been aﬁﬁwrvad.4$
However, in thiz theols we will not be dicectliy
interested in the more complex rasutrant dehaviour.
Our invegtigations have more to do with another Inte~
regting phenomenon axhibited by some compounds with

strongly polar end groaups, wic., smectic 4 polymorphism,

(11} Zmectle s polymorphism

apay investigetion heve recently revealed
variour other Inberceting aapects of mecophazes formed
by strosgly polar compounds. For example, in pentyl
granoberphenyl, & teuaiogen, short range oorrelations
corrvesponding to two different length:, one somwhatl
lers than the mulecular length (L)(0.93 L) and the
otler Letwwen L and 2L (~1.4 L) are found.*’ In

by words, two incogmensurate wavelengihs ocoexist.

5 [ 4-nepontylphenyledt-(4"~oyanchbensoyloxy)
bengonte i hae two ester linkage groupe in the arometic
core with their dipole momente opposlng that of the
terminal oyano group (fig.1.8). This compound hae an
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10-A transition point at 139°C and anl-I transition
st 249°0. Conseguently the ratio (?mi’??m) ~ 0.78
and acoording 40 the MeMilian's arﬂmrmnw it should
exhibit only g eecond orxder 1- A trancition, asctunlly,
howaver, it has a moderately atrong firast order K-4
transition. payer and Lubensky'¥ developed o mean
fieid theory of the A phase with a coupling between
the firnt and the second translational order parameter
t0 aceount for thiz avamoly. Keay investigationed7
have revealed that IB5 and similar compounds possess
bilayer ppacing: elove Po twice the molecular length
(&E phaze) and further, in mny cases, & rich variety

of spestic & polymorphiom,

Calovimetric apd diasmsguutl v susceptibility
moasuronents Dy Siguaud et al”® vevealed a clear firet
order A-A transition liwe in the binary phuse dlagram
of DB% and terephthal-bis~butyleniline {IBB4). TBBa
12 a weakly polar compound exhibviting monclayer A phase
Wth a layer spacing neacly equal 24 ithe melecular
length (A, phase). Luater iray investiiail one” ! whowed
that the d~4 traneition correspunle to that from a monow

layer 4, phase t0 a bilayer .&2 phave. The proposed

1
soleoular arrangesents in tho $wo phasen Al € shown in

fig.1.9. Reoently, IB7 a higher homologue of LBY hasn






been Lound to exhibli a sisliiar ﬁﬁw S A phase
tmmftmn.w Tn the Ligher tengerature 4 phase

there l¢ & conxlagtence of two inewswensurate wave~
lenpthe with one vpselng glviog & Bragg’s spot at
~1.64L and the other 2 difdusa apot at~l. 1his phase
with L < 852048 oulled a partlally bilayer 4, phaae.w
when the tesperature i lowered, a phase transition
takor place sueh that in the lower temperature phase
there are two Bragg opots sorvespondiny to L and 2.0
resultlag in nommenmurate looking of fthe $we wavelengthe.
The reseat unit has a spacivg o~ 2L ia this onse, L.e.,

1% 1s an b, vhase. Thus the phase trancition le an

Aﬁ“}‘? transition.

More recently, et wnoiher laterenting ty,e of
smeetia A {called smeetle antipaave “A) has been 41 soo-
3% and wm%rw.w Thie
hae a long vange periodleiby of ~ 13U A QN the plane

vered In wome pure cowpounds

of the layers. The propossd structure Ju chuwn in

Ll 1.10.

the diiferent & phases have heen scoocunted foy
by ¥rest et a14‘? on the baels of a Lenday theory, by
assuming a osmpetition between two ovder arsmetaro,
one of them corresponde o the wual maes densitly wave
A th & wavelength o~ £ and the other urises from the






antiparallel (or antiferrcelgotric) intersotions
betweer neighbouring moleoules, which glve rise to
another density wave with a wavelength > A1, Thus the
pmectic phases exhibited by such highly polar compounds
are deseribed as 'frusirated' smeotios, the 'frustra-
tion® ariszing out of the porpibility of the simultaneous

existance of two denslity waves Iin the mediumn.

We have undertaken Xray studles ON many compounds
with a chemical strucsture similar to that of B5, with
the pdditional features that a bulky wmethyl or methoxy
lateral group is attached to the aromstic gore. The
origirel motivatiorn for atudying theve compounds come
frow the faet that eleventh and twelfth mewbere of
4-oyancphenyl-3temethyi~4'~({"~-alkyl benzoyloxy)banzoate
series (norMBy)(see fig.1.11) which were sarller synthe-
snized |a cur laburatory wers amonget the first pure
compounds which were found 10 exhibit the reentrant
nepatic phave at atmo:pherie yra&autn*yﬁ The compounds
studled in this thesis are got Dy interchuanging the two
end groupas of nQPMEE molecules. e have also gtudied
compound e in which the oyano group ie replaved gither
by the nitro group or & bromine etom. The bulky wethyl
O methoxy latersl groups cansideradbly reduce the inter-

woleculay intersction ensrgies compared (O thome in the
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case of PBS5. This in tuwn leads to certaln Intere~
sting new features ke & relatively easy bresk up

of the bilayer structures | N our compounds. The

fray fnveutipstions an these compounds sre the subjlect
matter of chapter III.

1.8 Pleleotric constanis of newmatio and
spgetic A liyuid orystals

Bemadtie and ante@¥@ A | i d~&&erypials being
uniaxial have tWO dieleotric constantsr g, along the

director and &g in & perpendiocular direction. The
values of the anisatrople dielectric congtante depend

on various Iaetors, viz., (1) molecular polarisability,
{11) magnitude and mutual dlsporition of the dipolar
groups, (1531) internal Tield whioh 1a not easy t0 ealou-
late for the anizotroplo medium, and (iv) ovientational
prder in the wedium. A cizple theory of the dislectric
conetants of the B phase ftaklsng Into acoount all these
factore wag given by Maler and ﬁ@iar.‘& At we have
already mentioned, when the molecules have vtrony longi-
tudinal dipele mowents, the antiparullel eorrelutiong
between neighbourirng molecules have $¢ be Loken into
aeoount 1o waderstanding the dieigotric groperties of
the maaiua.24 In addition, zowe of the strongly polar

compoundse studied by us exhibit large bilayer spacings



which are extrenely seagiulve o tenperature bevause
of relatively weak Lntormoeleculoyr inteoreactions. Ve
can expect thal this structuprsl change g & noliecablie
infivenci on the dleleciric propertics of the medism.

ve have undertasen sbudies on the low frouensy diolege
tric gungtanta of seversl goupountis whose layer gpaciips
sra reported o cshepter Ti1. Pany of thew exhibit &
reversal of the algn of A n the A phase., The resulis

ore discuseot fon ohapter 1IV.

The novatic and sseetie A liguid orystoels also
euhinit very interesilog dislegtrie dispersion oharasierie
ailes. Thus €, is Lound no wrelax at a Talrly low
frogueney of 8 Cew Bz or even Yds {(tens) of iz, in
the cuse of oompotawis with an eppreciabls long axls
component off dipole ooment. Maler aoo %@i@rﬁg intoxys
pretod this lowerdim: of the proelasstion fregueney asg
mrrising ofrem an additional hindering of the Peorienide
thoval motion of the moleculon nbout thelir short axes
brcauge of the aswotic potential. The corvesponling
‘votardction Zactor’ by which the r@iuxn@iwn.fr%wm@may
in lowersd ¢onpared o that of the usuil Lichye relass-
Eion vap galowisted by Moler and ﬁauﬁ&ﬁg on the basia
of the Haler-Saupe neratlie potentfal, Une of the puzzling

foaturas noted in later studies i Lhal the activation



anaryy for £, relaxation is lowar in the & phese
thon in the ! phage in soponunds exbibiting both the
phasss, ¢ heve studied the &, relaxation in geveral
gounmarl s wentioned above and discuss the possible
arisin of the lowering of the solivation enorgy in the
A phidee .,

The £, relexstion veunlly tekes place in OHz
yordon as in noreasl Liouids, However, we have found
that in one of the compounfis whioh swa a larpe biloyer
spacing the €, relaration 2lso oocurs at relatively low
fromoncies, and over a rather Leood e, due o
various contributory fastors. AL dbege gtudied will

He discuszed In ehapdey IV,

1.9 Comluetivity stedios In gosaile and easetie 4
ligaid erystols

Pupwe LLouid or plale are sxpected L0 be poosd
Lasulatere,  Howevoer, unless speeial puriligstion
prosadtaron are followed, the compouady have sope gunlude
thoe dopariting which give plags o comiugtivitiesn i dhe
raagd of 10 = 307 ol oen T, warlier studies bave
ghswr Bho b Ao & purve weratle liguid ervstal without
sny soecbio Like phort roange sedor the oondootivity oo o«

gensured prealisl S0 the Jdirector i3 always greuter Lhan



the cortuetivity o « consured Derseadlenlar So the
M.m@tﬁmm The condactivity anlantrony aAc (zoj-oy)
fe strongly Influssced Yy the short cange order in

Lhuy mm?imma,%“% The anlsotropy ratio o (=91 [o)

$# loag Shon san fa the A phase for the long ean flow
aore gasily 4n the layers than in the perpondiculer
direction. Oengrally Ac Ghanges sign close to T...
beconing negative at lower Stomperatures as the saapis
is ocooled frow the nesatie. Further, 1% is known %o
depend on the atrugture of the A phase .-.%’ in addition
the veniuetivity alse depends on the freouency of
mwﬁmrwﬁamﬁ? sapecially for o . Tols is cauged by
tha relaxution of £,,., The etsorition due to the low
frecueney tail of this relsxetion gouses an enhance-
ment of the peagured gonduotivity at any finite freguency.

This contrivetion {a of gourse zoero for & DO seasuranent,

He have pessured e prinedpal condustivicies in
bath in the % and A phages of soveral sirusturally
Priihol GLupowis on which fray el Gloiecitrie gtudien
gre resorted in chapbers LI and IV meapeetively. The

reselis wre Slsgassed Lo chapier V.

1.90  Induced sooctlie A phase

Amother sbriklag sapple ol the effvet of a



subtle type of aolooular intepraction Iin liguie
oryatuls fg tue cocurrenge of the *induced sooctic'

pﬁﬁ@@ﬂﬁ

Whon two necatogons apre pixed together, one
wotled expect the mixtures slse o exhiblt only the N
phase as indewd found in wost m&xﬁurwa.ﬁﬁ“gﬁ When
?mx of sugn mixtures are plotted sgeinst eompusitions,
it is found Lo wwry pragticully lionsarly with conpow-
aition and only maall deviations feon linesprldy are
obaerved.

Howevor a different type of phuge dioprons is
@hﬁ@rvaﬂﬁﬂ"a“ whary one of the cosponents has the strongly
polar ¢rans or nityo end groud and Lhe other conmponent
has 0o such group, Yswally, an induced asmeotic 5 (or
induged 4 phapseiis observed in cortain composition
range of such sixtures even whan both compononts are
only sesgtioens {£ilg.1,12). fhe interacstions bDetween
the permanent divole of the volar gompment and the
induced dipole of the weakly poler cogpound appodr to be
fnportont Sor the scourrence of The indused phane.
Furtsar, there is an oxperisentel @Viﬁ%ﬂ@@'ﬁ that @
chagge trunsfer complex forsstion tukes pluce butween

the molooules of the two dnds, the highly polar componont
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FIGURE 1,12

Phase diagram of mixtures of 4'en~haptyl-b~cyanobiphenyl (7CB)

with (2-hydmxy )=p=ethoxybenzylidene-p*-butylaniline (OH-EBBA).
(Reproduced £ram ref, 64),



acting as the aoceptoyr while the other conponent acts
Iige & donor. This interaction appears to lead to the
forpation of a layered arrangesent charscteristiec of

srontie phiges.

It the highly polar compound itself exihibita @
A phage, 1t will have & biloyor atrooturs which arisos
due to the antiperailel correlationgs vetween nedpghbouring

oy
molecules’

as we hove discussed gurlier. In sone Suses,
thwe Bilayer A phase is Liodscible with the induced A
phage which ig nown o be a monolaver soectie (layer
spacing ~ molecular lﬁﬁgﬁh}_ﬁﬁ I¥ the bllayer corpe-
aponds to nearly tuo scleculer lengths (ﬁa phase) ,

ﬁ?”'a phage trancitiomg is obtained as we have pentloned
garlier.

e have studied the phege disgrass uf two Bloory
systeca of & 'bllaver' ssoctoganic compound with a weakly
polay nesatogen. Aoth of then show & strong oaexima In
tiwr AN boundory indicuative of an induced & pnase, and
Durbbor, a well defined ainimur for 8 copposition rich
in the hdgaly polar componsnt, The ivteractliona
responaible Dor Phe fopestim ol the induced A phige
are mach sironger in ooe gysten than in the other, &g

rovealed by the phase Ciapgramas. Ho tave aloo nade many



physical neasurenenta like the Semperature varistions
of the layer spacings in the A phase, the low frequency
dielectrio constants, the disperaion of g, antd the
princinal conductivities for severel sompueitiong of
both the gysiems, e flnd poveral interestiog Lontures
which are discuasod dn terus of the interactions piving
rige Lo the ludeced & phise. The regults sre presented
in chapter ¥i.

1.71%  Effect of shewed oybotsctie atructure on the
diglectric oonatunts and conductivities of a
pacatie Liguld erystal

The prescace of skowed oybotagtle grouns was
noted by de ¥ri&$1ﬁa in the ¥ phasa of big-(H'-p-netylogy~
benzal)~B-chlora~t Jh-phonylenedionine,. More recently,
Madhveaians et m1¢é? have found a sicllsr soectlie O Mike
short prange ovder fn the W phase of Z-svanos-id~heptyl-
phenyl-b' spentyl-h-~biphonyl carboxylate (7203880},

a coppound with o strongly polar crano group making a
iayge anpgle ﬁﬂaﬁﬁ”} with Che lony axile of the moleoule.
It is interesting b0 nuste thoat THLAN SR docs nob
exhiblt opoctic O phase at lower tenpersturss, This
compound we 8 moterately gstrong aoepative dielectrio

anlaotropy. The 11t angle of the skewed cybotactlc



structure s tomperature dependent amt deercases from
~ 43" at 28°0 to ~40% at 87°C¢, This had & noticenbla
infivence on the turpersture varistion of the ordinary
refractive index {“u} of the @mwﬁma B decreases
Lirvet, attains a broad windoon and ben inoreases an Lhe
garple 1n sooled 4n the nopatic phase {(Figz.1.13). in
apdor o aew the offect of the BLly sngle variastion on
obther phvgical propertics like dleleoivie amd oonduptim
vity anisobropies,detallied experinentol Lovestigations
ware widertakon on this socpowal sl 1is sixtures with
Lt snwno by Del~opunpbiptenyl (PR} . Several inveresting
resulis bove begn obfalngd. FPor instaace, & winture of
8% of TPL20N W0 with 150 of T wxbiblvs & provorsal
of Aleleztric asnlsobropy, unasuully becoming geputive
at higher

and disoussed in chenter VIE.

Lemperatinren. Those rosulls are pregsentod




| | I i i | |
AN
1.701 e, N
e 7P(2CN)5BC
1.65¢-
o
]
W 1.60- —
‘_,._
D
&
tb
(X
1.55 ~
T '“““‘*ni"“—“—ﬁ—&-ﬁr"}
15014 | | | | .
70 50 30 10

Tni—T
_FIGURE 1.13

Ref ractive indices of 2-ecyano-4-heptylphenyl-4'-pentyl-
4-biphenyl carboxylate [TP(2CN)5BCJ] plotted against
relative temperature (TNI«T), Tyy being the nematic-
isotropic transition temperature. (Reproduced from ref.67).
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