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CHAPTER I
IRTRODUCLION

The 4isocovery of liquid crystals in 1888 by

' an Austrian botaniet, opened up new vistas

Reinitser,
for the investigation of these fundamentel new states
of matter. In him letter t0 hmann who coined the
name ‘Liquid Crystals' in 1900.2 Reinitzer desoribes
his epoch making observations: ".... the substance
shows suoh striking and dbeautiful phenomena that 3 ocan
hopefully expect that they will also interest you to
a high degree «..+ the substance has two melting points
nees At 145.5°0 4t melts to a cloudy, but fully liquid
which at 178.5°C suddenly becomes completely
olear s«so the vloudiness is caused not by erystals
but by & 1iquid which forms oily ctreaks i N the melt."’
These obpervations were on cholesteryl benzoate, the
first liquid orystal to be discovered. Thousands of
organic compounds are now known to exhibit 1iquid

erystallinity ox maouorphtm.“



Liguid crystals are termed thermotropic or
lyotropic depanding on whether the mesophase 1@
obtained by changs of temperature or by addition of
solvents. The characteristio feature of these
mesomorphic materials s that they are composed of
highly enisotropic rod=like or lath-like molecules.
Yery recently themotropic mesomorphism has been
discovered in dlse-like molecules also.” In this
tMﬂaw:mommeoﬂyd%tMmﬂmﬁouwm

orystals composed of rod-like molecules,

Eriodol‘ olassificd thermotropic ligquid
orystals broadly into three types: nematic, smectic

and cholsaterio.

Hematie liquid erystals possess long range
orientational order dut no long range positional

order (figure 1.1a). The molecules are spontaneously

oriented about 2 mean direction n which is referred
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1e.10) i3 similar to smectic 4 except that the
molecules are now $ilted with respect to the layer.
Several other types of muectics have been ldentified
on the basis of the optical textures exhibited by
them. But on a molecular level not much iz under-

stood about them.

Cholesterio 1icuid erystal i S espentially of

the nematio type with the difforonce ¢that its
atruoture has a ecrew axis nomal to the director
(figure 1.14). This helicity in the structure
imparts certaln exiraordinary properties to the
cholesterie, like the exceptionally high optical
rotatory power, selectlive reflection, eto., Tha
pitch of a oholesteric, particularly near a smesctic
A-cholestoric transitlion, is highly sensitive to

teupernture.

Experiments have shown that the nematic phase

is apolar, i.e., B and -n are equivelent. fZhe



direction of N in an unaligned sanple varies fron
point to point, dbut a monodomaln sample is unlaxlal.
iny measurement of the aslsotroplo properties of

o neumatic regquires a monodomiin sauple with eithexr
& ‘homogencous'! or 'homeotropic' alignment. A
homogeneous sample 18 one ia which the molecules

are parallel to the enclosing surfaces (see figure
1.2a) whereas in a homeotropic Bample (figurc 1.2b)
they are nawmal t0 the suriasces. Homogencous
aligrment can de achioved by unidirautionél rubhing7
of the glass plates or by the gpplication of a strong
mgnotic field parallel %o the plates. Uood honmo-
geneous sanples g¢an also be obtained by obligue
deposition of materials® like silicon monoxide or
gold on substrates. Homeoiropic alipnnent, which
can also be obtained by a magnetio fleld applied
normal to the plates, 1s more often obtained by

by treating the surfoce of the glass plates with

suttaetanta.g
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Fgure 1.2

Schematic representation of (a) homogeneous
and (b) homeotropic structures.



The order paramncter, beine a meussure of the
anisotropy of a mematie liquid cryetol, manifcsts
itzelf in diamagnetic anisotropy, birefringence,
dieleoctrice anigotropy, etc. These enisotropic
properties and their teapcerature dependence are
fairly well explained by the molecular ficld epproxi-
mtion developed by Maler and Sempe.w ve chall
now Glocues in zome dotall the oripis of the

diclecotric anisetropy which forms a substuonticl

part of the work presented in thie thesis.

Meleotric Properties

(1) Statiec Diclectric Constunts

The nematlie liguid erystial belng uniaxial
has tw diclectric conpiants, g, in the direction
of the optic axis and ¢ I N eny perpendicular
dirgction. The diclecirie anlvotropy Af = ¢ =~ c
has contridutions boil Lrom the permancnt dipoles

and moleoular polarizabilities. bue %o the



elongnted shape of the nmolecule the polarisability
along the long nmolecular axis io always groeater
than that i n a perpendicular dircotion., Therefore
in the absvence of a permanent dipole moment the
dielectric anlsotropy ie always relatively small and

positive.

the presence of & strong dipole moment p
dizceted along the long meleculor axie incroases the
dleiectric conovant to a2 hdgh positive value. Large
negative dielectric aniaotropy can be obtained by
intreducing a strong dinole nserpendicular to the long
molecular ax.o. Thus nemailes with any desired sipgn
and value of Ac ¢ be obtained depending on the
strength of the dinole moment and the angle it makes
with the long molecular axls. These widely varying
diclectric nropesties of meacilcs were explained
guulitalvely b, dader and %?.ez‘.ter” (see ohapter IX)

using the aoleculay ficld approxdmation.



The drawdback with the molecular field
thoory is that it completely neglects short range
order. 48 a result it is unable to explain the
pretransition anomalies in the isotropic phase.
Madhusudana and Chandrasekhar'? extended the Maier
Saupe theory by taking into account near neighbour
correlations using the Bethe approximaﬁun.” In
particular, £ polar compounds they suggested that
there should de antiparallel correlation between
nelighbouring molecules and showed theoretically that
as a consequence the memn dicleotric constant in the
menatio phase (€ = i—;ﬁ) should be less than the
value in the isotropic phase owing to a diecontinuous
decrease in the antiparallel short range order at
the transition. BSush a 4i fference (~ 3%) had in
faot been slesarly notioed earlier by ﬁuha&t“ in hia
neasurezents of the dlelectric constants of a few

strongly polax p-substituted bengylidens cyancanilines,

though he 444 not attempt to explain the reason for it.



It was felt worthwhile to confirm this result in
other cases and thercofore tha present writer under-
took systematio measurements of the dleleotric
constants as functions of temperature for a nuaber

of polar compounds,

The atrongly polar compounds studied by the
author delong to two homologous sexries, vis.,
4'en-alkyl 4-cyancbiphenyls (nCB) and trana-p-n-
alkoxy a-methyl p'-~oyanophenyl oinnamates (n OMUPC).
The dielectric properties of these two series
presented | N chapters 1II and IV are very similar,
The dielectiric anisotropy is quite large due to the
presence of C=l end group with a dipole moment of
4.05 p!? aoting along the long molecular axis. A
marked decréase (~ 3-47%) in the aean dielectrio
conatant was obeerved on going over to the nematic
phase from the isotropic phase. (A similar deorease
has been cbserved subsequently by other workers for

7GB‘6'17 and 368.18) Further, ¢ deoreases with
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dearease of temperature, the effeot being greater

in compounds in whioh the nematic phase 1ls preceded
by a smeotio A phase., This is gvidently due to the
inorease in the antiparallel ordering at Lone tempe-
ratures which may de expeoted to be more pronounced
when there is a pretransitional smeotiec-like ordering
in the nematio. Another interesting fact observed
is that although the nematio-isotropic transition
tenperature (lm) and the order ;mrmeterm within

a homologous series show méalternatien with inoreasing
end chain length, the dielectric anisotropy chows
only a continuous deorease. This may be partly due
to the fact that an inorease in the order paramoter
increases the effect of antiparallel correlation

which remults in a Alninution of the dielectrio

anisctYopy.

These results are in contrast to the behaviow

of low positive biphenyl-4=p-n-alkoxy denzoates (B 1B)



discusced in chapter V. In this new homologous

series A¢ for the successive homologuss, when
plotted at a conmmon relative temperature, shows an
alternation sinilar to that exhibited by Tm:.- Further,
the difference detween the Iisotropie and moan

dieleotric constanta 15 very emall (~ 0.5%4).

In non-polar compounds (p = 0) one would not
expect apy antiparallel correlation snd thus theore-
tically e, should be equal to € at tranpition. This
has mdéad boen found to be the case in a numder of

non~polaxr compounds like 4,4'-di-n=-alkyl usobenmmea.ao
{(11) Dicloctric Dispersion and Activation Energy

Tho dipole moment p of & molecule making an
mgle g to the long moleoular axis omn be rxesolved
into a longitudinal component By = poosp and a
trangverse component p, = p eind. Oulng to the
p&asema of the moleoular order in the nematic phase

the reorfentation of py is hindered, resulting ina
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low-froequency dispersion of e I N the radio-
frequency region. On the cother hand, the
reorientoation of By about the long moleccular axie

is mlativnl: easy and € exhibits a disporeion
in tho nierowave region. DBecause of imperfect
arder i, also sontridutes to e leading to a cecond
dispersion of & | N ¢he miorowave reglon. |n the
isotropio phase the dicleotric constant oxhibits the

usual Debye relaxation.

Martin ot al.?! explained the dielectrie
behaviour of nematic liquid crystals dy extending
the Debye thoaxwzz of dielectric relaxation. Due to
the precsnce of the long range arientastional oxdex
in the nematio pﬁﬁse. the relaxation time (rn) cor re-
sponding to the reorientation of p; o orders of
mgnitude higher than the normal Debye relaxation
tine (-:a) in the isotrople phase. %he ratio "R/"o
io called the retardation fector 'g' vhich lo evidently

a function of the nematic potential . Meler and



Baupe” derived a relation between g and ¢ weing
the same distribution furction as in the molecular

field theory {see chapter II).

In the isotropic phase the resiatance to the
roorientation of the dipole moment 18 mainly due to
the viscosity of t he medium, the temperature
depondence of which oan be expressed ag A rate
equation involving an activation snergy qn. In the
nematic phase, in addition to %, the molecule has to
overcome the nematlio potential ¢+ ZTherefore a measure-
nent of the low-fregquency relaxation of € at

different Yemporatures ylelds W = g + U

In ohapters III and IV we have discussed our
dispersion moasureuente on nCs and nOMCPC. %he
relaxation frequency fa(“ -%wa) was measured at
different temperatures. The results obtained are
very similar for the two homologues, %he value of

¥iero 0.56 eV for nCB and~ 0.91 eV for n0OMCPC,

13



The higher value of W for n OMCPrC ie due to the
greater length of the molecule and t he expected
higher viaooaity.z‘ An interesting new result

that emerged from our dispersion meacurecment is that
fo far sucoessive homologues, when plotted at a
common relative temperatuvre, shows an alternation
sinilar to that of ”nz and 8. This is the first

oboervation of 'odd-even' effect in tR’

Doth nCB and n ONCPC exhibit a change in the
Blgn of dlieleotric anisotxopy in the MHz region.
The frequency at which the dielectric anisotropy
becomes zoro, L.0., the frequency of diele¢ctrio
isotropy tb was determined at different temperatures.
We observe that f, gives the zame value of W ao that
deternined from ra. Also it ghows an alternation

with respeot to the end chain length similar to fa-

The reversal in the sign of Aeg in n(B

referred to above has also been obeserved rccently by

14
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Druon and Wacrenier in the case of the ootyl
ﬂerivacive.‘ﬁ The authors found that Ae 4n fact
exhibvits two reversals, one around 10 Mz and the

other at about 300 Mliz when Ag again becomes poaitive
{cee figure 3.19). The reason fur this has not been

[ ]
underatood 8o far.

In chagter V wo discuss ouwr results on the
dielectric dispersion of Bn OB. Even in this hono-
logous series bath f; ad £, show an altermation
sinilar to Tyq. Algo tho value of ¥ determined fronm
£, and £, is the same. The differences in the
dielectric propertics Of this homologous series ON
the one hand and sirong positive niB and n GMCPC on

the other are dizcuased.

Pretransitional Effects

(1) Electric and Magnetio Birefringerce in tho
Iaotyropic I'hace.

Even though the long ran;e order goes to zoro



at TRI’ nenatio-like short range order persists

| N the icotropic phase. As a result, a nunber of
physical properties of tho isotropic phase like the
electrio and magnetic birefringence exhibit anomalous
behaviour i N the vicinity of Thye Tho first measure-
ment of the pretransitional anomaly was in 1930 when
zadoc~-Kahn?? measured tho magnetic birefringence
(Ann) of p-agoxyanisole (PAA) and observed that in
the vicinity of Tnx it io hundred times greater than

in ordinayry organiec liqguids.

The molecular field theory such as that of
Haler and Saupe 1s inadequate to explain the short
range order effocte since it completely lgnores the
near-neighbour correlations. |t was shown Dy

de Gennesas

that the pretransitiomsl effects are best
described by a phencmenological model based on the
Landaiz thecry of phase tranaitions.27 According to
this model the magnetlic birefringence should vary

eacentially as (T = E‘)", where S 1o the hypothetical

16
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second order transition point slightly below Ty,.
This inverse depondence of A& 0N temperature has
been experimentally verilied for PAA and p'=-n-mecthoxy
bengylidene p'»butylanilineza (MbB4A) with 1 -.T’ci

1 X

However when Tevetkov and wumtseveg me abur ed
the clectric birefringence ( Any) I n tho isotropic
phase of FAA, they observed a very unusual behaviowr.
The XKerx constant showed a reversal of sign at about
Tuy + 5 K, Madhusudana and Chandrasekhar’’ showed
that this reversal ocan De explained when proper
allowance is made for tho contributions of the polariga=
bilities and tho permanent dipole moment {u) to the
free energy. The polarizability anisotropy (Ax)
alvays makes a poaitive contribution to AnE. The
contridution from the permanent dipole moment can be

poaitive or negative depending on the strength Of

the dipole moment and the angle (j) it mukes with



the long moleoular axis. It hao been shown from

the theory of dielectrie anicotropy' ! that the
dipolar contribution is negative for p > 55¢% and
that this contyidbution decreaser with increase of
temperature. Thus | N PAA far which g~ 62,5* there,
can, in principle, be a reversal in the eign of

Anx from negative to poeitive at a certaln tempe-
rature. However, when § is either zexo or very small
88 in strongly poler compounds, the dipolar contri=-
bution 1s always positive and we therefore cxpect

AnE and Aa'.n;‘l to behave alimilarlye.

We undertook for the first time measurcncnts
of both AnM and AnE for strongly polar compounds,
vige., 4'=n~hoxyl 4~cyancbiphenyl (6C2) and trong=p=n-
ocotyloxy a-methyl p'~oyanophenyl cinnamate (& OMCIC)
to verify the above predictions (chapter VI). The
birefringences were measured over a wide ramnge of

temperature. They showed a (T - &')"1 type of

18



behaviour throughout the temperature range measured.

Both An&«i and AnE gave identical values of 1’“-

Tyr = T boing 1°C for 6C3 and 1.4°C far 8 OMCPC.

(11) Effcct of Pressure on Cholesterio Pitch

Another manifestatiOn of short range order,
nanely, the effect of smectic-like short range order
on the pitch (") of a cholesteris, iS discussed in
chapter VII. It has been observed experimentally
that twlot (k,,) and bend (k,,) elastic comstante’ >
increase anomalously as the smectic A=nematic (or
cholesterie) transition i1s approached. This is
obviously due to the build up of short range snmectic
order Whi ch makes the twist and bend distortions
energetically unfavourable. de Gennca33’34 haso
proposed a Landau type of phenomenological model %o
deascribe these pretranpition anomalies ncar the
sncotic s-nematic trancition, according to which

-
theese clastic conatants diverge as (T - Tc) , where

19



T, i= t he apparent suectic A-nematic trancition
temperature and v 1is the oritical ozponent. The
pitch of a cholesteric, baing related to k22.35 should

aloo exhibit a similar temperature dependence.

Recently Pollmamnn and co-workers’6-39 j.ye
neacured the pitch as a function of pressure for a
number of cholesterics having a smectio A phase at
lower temperatures. They found that the pitch
inpreases rapidly with pressure and becones infinite
at a eritical preasure Pge This was first interpreted

36 wi th preasurei

as due to an inecrease in the viscosity
and subseguently expluined as the result of the

f ormation of swectic~ciusters i N the cholesteric phase.
In chapter VII we present a simple calculation which
reveals that the rapid increase is indced due t 0 the

incrense of short range snmectic order as the smoctic 4=

cholestoric transition is approached.

Some of the results discucsed in thirc theeis
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