CHAPTER-I

GENERAL INTRODUCTION



INTRODUCTION

There exist. crystals which are of such considerable softness
that cne could almost call them ligquid. These are liquid crystals.
Liquids that exhibit crystal ;ike aniéatropy are called - liguid
crystals. G. Friedel1 a?gued that the term mesomorphs should be
used to describe them since the substances are neither true
crystals nor true liguids.

#
Following the discovery of liguid crystals almost a century

3902'3 ;s 1t was established that liguid crystals can be formed by
heating certain - crystalline sclids above their melting points
~(thermptropic) or by diésnlving certain compounds in polar solvents
{lyotropic). From X-ray diffraction 5£udies B.Friedel classified
them as smectic i{soap like) and nematic {thread lik_e)4 - The early
history as well as subsequent developments of ligquid corystals

through 1955 have been reviewed thoroughly by Brown and Shaws - The

present discussion will be limited to thermotropic mesophase only.

Nematic Mesophase

Progression from the completely symmetric isctropic liguid
through the mesomorphic phases into the crystalline phases can  be
described in terms of three separate types of order. The first, or
the molecular ocrientational order, describes the fact that the
molecules have some preferential orientation analogous to the spin
orientational order of ferromagnetic materials. Nematic 1iquid
crystals_have this type of order ocnly.

The molecular order of nematic liquid crystals is shown in
Figure 1.1. Tuwo features are immediately apparent‘frnﬁ the Figwe
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{i} There is long range orientational order, i.e., the molecules
tend tq'align parallei.ta sach other.
{ii) The nematic phase is fiuid, i.e., there is no long {ange
correlation of the molecular center of mass positions.
In the state of thermal equiiibrium the nematic phase has symmetry
co /mm and is therefore uniaxial. The direction of the prrincipal
axis n {(the director) is arbitrary in space.
Nematic liguid crystals are very responsive to their environment
and external forces have pronounced effect in  their behavinu}. A
emall orienting field {e.g. 0.02 Tesla) iz sufficient to give true
long range order of director orientation.

de V%iesb found anocther type of nematic phase called
cyhotactic nematic in which the @sblecules giroup themselves into

isplated planar arrays.

Smectic Mesophase

The rigid reod-like molecules believed tc b2 the building
biocks of all liguid crystals can array themselves in paraliel
lafers to form & smectic mesophasei’4 . The molecules may be normal
to the pianes of the layers {(Figure 1.2a) or tiited within them
{Figure 1.2b). The arrangement of centers  0$ gravity within the
planes may be at random or regular; The interlayer attractions are
small in comparison to the iatéré; fa}ées'and the layers are able
to s}ide one anpther. Initiaily, liguid crystals wefé classified
according to their optical anisotropies7 - BSBmectic A mesophase
{SmA) is qptically uniaxisl berause the molecules are assumed to
normal to the layers and randomly distributed within them. The
molecul ar arrangements become increasingly more ordersd in SmR

SmC etc. as given in Table 1.1, SmD is no longer considered to be
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" ligquid crystal. The progression of order through the sequence of
mesnmu}phic phase fnematic, smectics? is given in table 1.2,
Thermotropic mesnmurﬁhism {discotic mesomorphicsm) has been
DbEEFVEdB> in' pure compounds censisting of simple disc—iike
molecules in which fSisce are stacked one on togp of the other in
columns. These columns constitute a hexagonal arrangement, but  the
spacing between the discs in each column is irregular. Thus the
structure has transiational periodicity. in two dimensions and

liquid—like disorder in the third.

Cholesteric Mesophase
Cholesteric liquid crystals {(Figwre 1.3 have a two

dimensicnal nematic structwe. There is no long range order in the
centers of mass of the mnlgcqlg and the molecules afe aligned along
a preferred axis n which Has éﬂhelicai symmstyry. fhe pitch of the
belix is temperature and cnncentrétiun dependent. The constituent
-mnlecules are optically active. Periadicitylaiong the helical adis
results in Bragg scattering. |

A liquid crystalline compound may possess more than one
mesomorphic phases. The skxample of such a compound is given belnw:

B, N/—terephthalylivbis(4—n—buty1aniline} (TRRBA in short)

- ' = = p

According to  the literaturesq : the following phase

transitions are chserved
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Figure: 1.1. Schemalic representation of molecules in nematic state.
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Figure : 1-2. Schematic representation of (a) Smectic-A and
(b) smeclic-C .
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Figure:1-j. Schematic representation of cholesteric order.
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TABLE 1.1

Liguid crystal arrays

Symbol

Hame

Holecular alignment

i

Smh

' 8mR

SmC

Sal

Sak

SmH

Nematic

Smectic-

Smectic-H

Smectic-C

Smectic-D

Smectic-E
to

Smectic-H

A

Strong tendency to parallel a single
director and, sometimes, to form

nearly periodic mplecular rings,

Holecular layering im which the
molecules within each layer tend to be
parallel, but uncorrelated, with long

axis normal or pearly noramal to plane

Holecular ordering within each laye;

into a2 regular hexagonal packing.

Uncorrelated but nearly parailel
molecules that are tilted raletive to

plane of layer.

Believed to have ispiropic icubic)

molecular array.

Hore highly ordered molecular arrays
within parallel layers with amolecular

correlations within lavers and between

iayers possible.
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TABLE 1.2

Isptropic

Hematic

|

|

Smectic-4

Hewatic-8

Erystal-FR

Erystal-E

|

Smctic-C
N

Crystal-F Smectic-1

| |

-& Crystal-Jd

Mplecular QOrientational Order

Fogitional Oreder Hormal te
Layers

Bond Orientational QOrder

Positional Drder Within Layers

fsymeiric Axial Site Bymmetiry

{—— TILTED PHASE -———F

RO
ER
AD
S E
IR
N



For a méterial having only smectic phase with the increasse of

temperature, the sequence of phase will be

With cholesterics and smectics, it has been ocbserved that

iy € >~ Ch I
{(i1) C Sm CH I

No substances have been found to  exhibit both nematic and
cholesteric phases, though cholesteric can undérgn to nematic phase
under the action of externzl electric and magnetic fizlds.

Ciadislz found that 'binary mixtwres of soms mesogenic covyano

compounds followed on cpeling the scheme
I ——— > —-xn->> S ——> N

The abbreviations used are defined as

£ — Crystal mesophase
Smb -— Smectic A mesophase
SmE — Bmectic B mesophase
SmC -— BSmectic C mesophase
Ch — Cholecsteric mesophase
N — Nematic mesophace
I — Isptropic liquid

The low temperature nematic below the smectic phase is called the
re—entrant nematic phase. This phenomenon has also been Dbéerved
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13,14 }
afterwards by Cladis et al at elevated pressure” ° and by others

. S-17
at atmpspheric pressure in pure compounds.

Molecular Structure of Thermotropic Mesogens

The presence of common structwral features in the majority
of thermotropic liguid crystal mesogens makes possible certain
generalirzations regarding the types of mpolecules to show liguid
crystailine behaviow. The structursl features that appeai
essential are
{i) The molecules should be long relative to its width. Due to  the
geometrical anisotropy of the molecules, the intermolecular forces
are anisotropic giving rise te different anisotropic properties in
5esnpﬁase. The reliatively weak forces in certain directions may
break on heating so that different mescphases are formed.
{i1i) Rigidity 2iong the long axis is another important feature so
that parallel orientation may not he broken.
{iii} The mclecules should ppssess strong dipolar i{permanent or
induced) and easily ppolarizable groups. The forces rgsponsible  for
the mesophases are primérily ﬁipaie—dipole and dicspersive forces.
{iv) The melting poiﬁt must not ge tee high, lest only supercopled
metacstable mesaphasgé be formed monctropically. However, polarity
pf the terminal part freguently gives fise to very styrong
intermolecular attractions resuiting in the rise of melting point.

The most general structure of ligquid crystals consistis of twe
rigid aromatic groups {(A.B) coupled with a central linkage group
{(—X-Y. R, Rj may be alkyl, alkoxy,; aceloxy, nitro, amino, hydroxy,

bromo, chioro, iodo, etc. groups.




In most cases the twen akomatic giroups are Eenzene rings but in some
cases pither one or both of the rings are cyclochexane, pyrimidine,
bicyclooctane etc. grnupsls’19 . The name of the liquid crystal is
generally termed on the central linkage group such as Schiff bases,

: i9-21
psters, azoxy compounds etc. .

1.1 THEORY
The liqﬁid crysfai molecuies do possess a quaéi long range
orientational order of tﬁeir iong axes which tend to be paraliel to
a common axis called +the director n. When speaking of phase
transitions in liquid_cry5tals it is necessary to describe the way
the molecular order changes as a function of temperature. The
efficien&y of the molecular orientation along n can be described by
a single order parameter [<F2(cnss)>] where € is the angle between
the long molecular axis and the director, being experiment
dependent. |
The order parameter <P2} can be determined by optical,

MR, X—ray diffraction or magnetic susceptibility studies.

Nematic Phase

The existence of nematic oredr can be understood in terms of
mean field theory by Maier and Saupezz—z4 . By mean field
approximation we mean that the interaction between the individual
melecules is represented by a ipotentiai of ‘éverage ‘force. This
theory, therefore, ignores fluctuations in the short range order.
Maier and Saupe developed a statistical 'thegry' tq describe the
liguid crystalline state and the molecular ordering for the nemétic
phase. In analogy to the treatment of ordering phenomenon in

ferromagnetics or ferroelectrics this theory describes the
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intermplecular orientation forces by a mean field method. Each

individual molecule feels a nematic potential which is given by

U= —A/V2 (Pz(c056)> P2(cose) ' 1)

ﬁheré V is the mean molecular volume and A is a constant
characteristic of the mplecule, independent of pressure, volume and
temperature. The derivation is based on the medel that the melecule
alignment is caused by dispersion forces. Here only the induced
dipole—dipele contribution is concerned. The anisotropy of the
molecular poiarizability caused an aﬁgular dependence of the
intermoliéular dispersion forces and therefore is responsible for
mesomorphic phase.
Humphvries et al 23 have, However, shawn that the assumption of the
anisotropic dispersion forces for the formation of nematic phase
was not essential. A Single molecule potential {(mean field) can be
set up to have the correct orientation dependence. (i) U should be
minimum when the mpolecuie is paraliel to the director and maximum
when the molecules is peréendicular to the director. Thus U may be
chosen to be proportional to —Pztcosa). {ii) U must be proportional
to <P2(c056)}, the average degree of orientation. This potential
which is responsible for nematic phase formation. should vanish when
{P2}=0 and be maxrximum when lthé mblecules are highly ordered.
Finally, U should contain a fartor v  to describe the overall
strength of the intermelecular interactions; the difference between
various méterials will be accounted for by allowing the strength v
to vary from one substance to ancther. Putting all the requirements
tngether we arrive at mean field approximation to the orientationail
potential energy of a single molecule
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i{cos8)= —v (PE(CDEGD> PECEDSQ) 12}

This version of the theory has been shﬁwn to provide gualitative
pictwe of the nematic phase and its transition.

Humphries et 3125 developed a more comprehensive concept by
“including higher order terms in‘ the mean field potential for

cylindrically symmetric molecules. Their result is

UICCDSQ) = E:VL (PL(CDEB)> PL(cose) {3)
. “~
u is the single molecule pntential. in the mean field

i

approximation.
It has been found the terms with =0 in (3) may be dropped since

it is nearly an additive constant. Then
—osg) = - =0) 4 —————— 3
Ui(uade) valFo> PE(hcse) FovaFL> P4(cnue) + (4}

retention of only first term pof equation {(4) gives the Maier—SaupE

theorvy.

.Drientational Distribution Function

PBrientational distribution function pilcoso) gives the
probability of finding a molecule whose axis makes an angle 6 with
the director n. With this function we can compute the average
values of various guantities of interest pertaining te the nematic
phase. |

Orientational distribution function corresponding to the single

ot
{owls



molecule potential has the form

p (cos=6) = Z_I Exp.[—ﬁ u (cose)]

1
z = j exp.[—ﬁ U (cose)] d{cose) {3)
g
where Z is the zingle melecule partition function. g = 1/kT, k is

the Boltzmann’s constant, T is the temperatre in absoclute unit.
Ordeyr parametér'é?z} can be expressed in terms of plicos6) which is

given by

i
<P2> = J P2 {cos6) p (coes6) d{coss) i6H)

0

Using equation {(5) in equation {(6) we get

i
J%O (co=s6) exp. [G v P2(co59) <P2>] d{cos6)

O
{7)

it

Fo>

exp [{3 v F’E(cnse) <P2>] d{cns6)

o JL A Y

This is the self consistent equation for the determination of the

temperature dependence of <F_ >,
L



Theories of Smectic a Liquid Crystals
Contributions toc the theory of Smectic A liguid crystals
, : 2630
have been made by a number of investigators .In all cases the
treatments are an extension of the Maier—saupe mean field model of
nematics.

28,29

McHMilian developed the theory of smectic-A liquid

crystals for the single molecule potential starting from the

26,27 : ; ;
.The smectic-A 1liguid crystals

Kobayashi form of potential
possess both orientational and translational orders. The molecular
distribution function must therefore describe both the tendency of
the molecules to orient along n and to form layers perpendicular to

n. The distribution function is thus a function of both cos@ and z,

and can be expanded in a double series:

f(cos6,z) = }: EZQLN PL (cos6) cos(2nnz/d) {8)
L=C n=0
(even)’
i d
J J f(cos6,z) dz d(cos8) = 1 (92}
=1 4O

where d is the layer spacing along z—direction and 6 is the angle
made by the molecular long axis with the director, assumed to be in
the z—direction.

In addition to the purely orientational and translational order
parameters, the <P, {cos8)> and <cosi{Znnz/d)>, we find the set of

L

mixed—order parameters, {PL(cose)cosiznnz/d)>. These describe the

correlation or coupling between the degrees of orientational and
translational order. The three order parameters of lowest degree

appear in all published theori9526_¢0 of the smectic-A phase and
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have given speacial symbpls:

n = P(cosed,
T = eos(2nz/d)D, {10)
o = <P2(c056) cos{2nz /d)> ,
%,
In the isotropic phase, n = v = ¢ = 03 in the nematic phase, n = 0
s T = o = 03 in the smectic-A phase, n = 0, r # 0, o # 0. For

perfect order all three tend to unity.
According to McMillan the potential function for smectic—A phase is

of the form

Vn(cose,z)= —v [6»7 cos(2rz/d) + { n + vo cos(?nz/d)}Pz(cose)]

(11)
vy, & and v are three constants which depend on the characteristic
of the molecules. Lengthening the alkyl chains in a homologous
series increases the spacing d and hence is expected to increase

the parameter ».

1.2 CRYSTAL STRUCTURE OF THERMOTROPIC LIGUID CRYSTALS

It is now well established that for proper understanding and
interpretation of several physical properties of liquid crystalline
phases a knowledge of the molecular structure in the crystalline
phase is very useful. The molecular conformation in the crystalline
state predetermines the molecular organisation in the mesomorphic
state. The first attempt to correlate the molecular arrangement in
the mesophases with the crystal structure of the mesogenic material

was undertaken by Bernal and Crowfootéi in the early 1930%s. With
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the advent of computer program in the late 1970%s, a large number
of structures have been determined, most of them possess nematic
phase.
Preliminary survey of the present knowledge regarding splid
mesophase relationship was given by Bryan32 . On the basis of the
evidence cbtained it can be stated that
{i} The molecules of the organic crystals when heated to the liguid
crystalline state adopt an arrangement somewhat similar to that in
the crystals31 =
{ii} In nematic crystals the long narrow meolecules are found to be
more or less parallel and interlieave one another to form an
"imbricated packing". The tramnsformation +From the sclid toc the
nematic phase is characterised by the breakdown of the positional
order of the molecules but not of the orientational nredr33 -
{iii) For smectic compounds the molecules are found to be packed in
parallel arrays34 =

This is true at least for the majority of cases so far

known, but at this stage we must be careful to generalise it34 .

Bruwn35 found an imbricated packing for a nematecgenic compound with
the non—planar molecules arranged in herringbone fashion in planes
perpendicular to the'long axis. Brown and his co—workers36 also
found a herrinbonic compound with a tilt relative toc the lavers.

7=39

Bryan et al”~ discussed the role of hydrogen bond in the

formation of mesogenic compounds.

1.3 MONOLIQUID CRYSTALS
According to the classification of liquid crystals some of the
smectic phases possess a highly ordered lattice. This raises the

inquiry of differtiating between a crystalline solid and a smectic

1 0 x7 O r{; 1 15 North Bengal Univarcity Library



liquid crystal. By raising the temperature gradually a single
crystal can be converted to the smectic phases, giving a well
oriented mono-liquid crystal. Since it started as a single crystal,
the mono—-ligquid crystal should in general be comparable with
respect to the mpolecular orientation and alignment with that formed
by the sffect of magnetic field. X-ray diffraction experiments
performed on crystals allow us to determine the structures at  the
atomic level whereas in ordered smectic phases only information at
the molecular level is availablie. By studying the structures of
mesogenic single crystals it may be possible to establish rules
concerning the relation between solid phases and mesomorphic phases

which appear on melting.

1.4 APPLICATIONS

Liquid crystals have got a wide range of scientific
applications. The colour of cholesteric liquid crystals changes
sharply with small changes in temperature. This feature can be used
in a number of unigue temperature sensitive applications. As a
result, applications to medical diagnostics, electronic component
~testing and aerodynamic structure analysis became feasible.

Nematic and cholesteric liguid crystals have already found
wide applications in display devices, as many of their physical
properties such as birefringence, optical activity etc. are
sensitive to weak external perturbations. The remarkable
electro-optic effects have rendered it possible to prepare liguid
crystal displays whose main advantage over the other types is that
they do not require emissions of light, and so consume very low
power.

When nematic ligquid crystals are arranged in thin layers, their
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ability to transmit scattered or pelarised 1light changes by
applying an electric field. This phenomenon can be utilised for
alphanumeric and analog displays, image converters and matrix  type
picture screens. Recently, ferroelectric liguid crystals (SmC*)
have been used for a new generatiocon of fast versatile 1iquid
crystal devices.

Although liquid crystalline materials have been known for 100 years
large scale applications for the materials in the form of
electronic displays did not occur until the mid 1970 when compact,
attractive calculators and watches with ligquid crystal displays
{LCD} reached market place and soon became house hoid items. RNow
some 12 years later low cost LCD’s are being made by hundreds.
Today, we see more sophisticated LCD's appearing in  such products
as portable computers and hand held colour TV sets, the fabled
liquid crystal colour TV on a wall, appear to be only a few years
in the future. Anocther major applications for LCD’s could be the
electronic window shade which has been around for more than 20

years.

1.5 BSCOPE AND AIM OF THE WORK

The Liquid crystals have widespread applications. In view of
this, study of electro optic properties, phase transitions by
different experimental methods, molecular and crystal structural
analysis of the liguid crystalline compounds have appeals ta the
research workers.
I have undertaken the study of 1liquid crystalline compounds
belonging to the homologous series of alkoxy cyanobiphenyl alkyl
ether and alkyl cyclochexyl cyanophenyl pyrimidine.
For the alkoxy cyancbiphenyl alkyl ether series order parameter

17



values have been determined at different temperatures from
refractive index measurements. FPronounced odd-even effect is
exhibited in the results.

Order parameters from both X-ray and optical studies have been
determined for the compounds belonging to the other series. From
¥-ray diffraction photographs orientational distribution function,
apparent molecular length and iateral intermolecular distance at
different temperatures have been calculated.

The X-ray diffraction study of the monoliguid crystals of the
compounds of the alkoxy cyancbiphenyl alkyl ether series possesing
smectic phases have been undertaken by me. Diffraction patterns
exhibit order disorder phencmena when I slowly cool the monoligquid

crystal down to the room temperature.

Crystal structure has been scived for one of the compounds of the

second series by direct methods.
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