CHAPTER 1

INTRODUCTION




"Liquid'crystals are beautiful and mysterious” - P.G.de GENNES

Though most of the solids melt to form isotropic-liquidé, there
‘are certain organic chemicals which do not have a single
transition from solid to liquid, but pass through a series of’
transitions ihvulving new phases. The physical properties of these
phases are intermediate between crystalline solid and isotropic
liquid. The first such phase (the so-called cholesteric phase) was
discovered over a hundred years ago by Reinitzer [1,23 and Lehmann
[3-53. Since these substances flow 1like ordinary liguids, but
exhibit anisotropic properties like crystalline solids, Lehmann in
1890 gave the name "Liquid Crystals” to these compounds. Friedel
[6,73 suggested the term "mesomorphic phase” or "mesophase” to the
liquid crystalline state of matter. Thousands of organic chemicals
are known to form mesophases {8,91. According to Brown [101° about
5% of the known organic compounds have one or more ligquid crystal
phase. Few,organo—metallic [10;11] and some 1inorganic chemicals
"£121 show liquid crystalline properties as well. ;

Thg molecules of the compounds showing mesophases  are
non—spherical {(generally rod like or disc like) in shape and as
such have at least one non—degenerate principai aris. In the
crystalline state not only the centre oé mass of the 'mblecules
form a three — dimensional lattice, but the principal axes of the
molecules also tend to bé parallel. These substances, when heated,
lose part or whole of their 3-dimensional positional order and the
orientational order of the anes at different temperatures,; giving
rise to various different forms of 1liquid crystalline phases.
These changes of state are generally reversible with temperature,
but in some cases mesophases are prodﬁced only on c&bling
(monotropic transition). There are many excellent books and review
articles on ligquid crystals wgich give details regarding moleculqr
structure and physical properties of the compounds exhibiting
mesophases, of which I have listed only a few (8,9,11,13-213. A
beautiful article on hundred years of thermotropic liguid crystals
has been compiled by Demus [223. Recent developments in the field

of liquid crystal research and application are also

[23,243.

available



1. Classification of Ligquid Crystals:

Broadly speaking there are two types of 1liquid crystalline

mesophases, viz, Lyotropic and Thermotropic.
i.1a Lyotropic:

Liquid crystalline phase can exist intermediate between solid
state and an isotropic =sclution. The amount of solyent is then the
most important variable. The mesophases  thus formed are called
‘lyotropic liquid cfystals £25-221. Solutiuns of socap and Qater a}e
prototypical examples of lyotropics and their mesomorphic phases
appear as a function of either concentration or iemperaturé.
tyotropic liquid crystals play an important role in living systems
£303. However, no iechnica} applications of lyotropic éystem for
dispiay devices are known as- yet [311. Since this dissertation is
only concerned with thermotropic 1liguid crystals, I shall not

discuss this type of mesophases further.
1.1b Thermotropic mesophase:

Thermotropic liquid crystals are. those where transitions in
different mesophases occur due to the change of temperature.
Friedel I[32]1 from his detailed 'opfical and n—ray studies
cyﬁssified the thermotropic ligquid crystals into three types:

nematic, cholesteric and smectic.

1.2 Nematic mesophase:

The nematic mesophase is a fluid where the molecules have 1long
range orientational order. The word nematic has come from the
Greek word vapa which means thread. When a thin laye} of nematic
sample is DbSEﬁvéd between crossed polarizers under microscope, a
characteristic pattern known as texture, which is usually thread
like is'seen. The nematic liquid crystals do not _pDSéESs long

range translational order, thus showing fluid character of nematic



phase, bﬁt they have long range orientational order of the 1long
axis of the molecules. Although the centre of méss of the
molecﬁles are distributed at random as an ordinary liguid, the
molecules still ha&e a tendency to align themselves in.a preferred
diréction, knownvas the "director" dencted by 7. Thus this phase
is uniaxial with respect to all physical pruperties.‘jhe axisl 6f
uniaxiai symmetry has no polérity i.e. ﬁ and .4?' are equivalent.
According  to Maier-—-Saupe thgory' £333 +the anisotropy of the
molecul ar polérizability is responsible for the occurence of the
-liquid crystalline phase. Recent »~ray studies [34,351 indicate
that in certain nematic 1liquid crystals a lafge number of
molecules are arranged in groups [361; in each group molecules are
parallel to each other, and the centre of molecules are lying in a
well defined plane. These so-—called cybotactic groups may be

tﬁought of as smectic fluctuation in the nematic phase.
1.2a Cholesteric or chiral nematic phase:

Cholesteric liquid crystals are formed by optically active
molecules. Many cholesterol esters form  these ﬁype of liguid
crystals. Actually cholesteric mesophase is nothing sut a nematic
type liquid crystal except that it is composed of optically active
molecules. In addition to the long range structure there exists a
spatial yariation of the director leading to the helical structure
{373. The helical structure can be described by an variable

intrinsic director,

n = cos{g z +c)

% o

n = sin{q z +c)

Y o
n_=0

z

c being a constant.

The sign of a, distinguishes between left— handed {(leavo type)
and right-handed {(dextro type) chiral nematics. The longitudinal
distance.in_which a full rotation of director is completed is
known as pitch L of the helix, normally defined as |



L= Zﬁ/}qoj

. « & .
However, since n and -n are equivalent,

L o= n/lqot
when Q, = O i.e. L is infinité leads to the nematic phase.

No liquid crystal sample has been found so far which posseses
both nematic and cholesteric mesophases. Alsc, application of
external magnetic or electric field may change a cholesteric phase
to nematic one. On  the other hand édding a small amount of
cholesteric compound to a nematic substance. causes it to exhibit
cholesteric phase. Hence, cholesteric phase is a varitation of

nematic phase and may be called chiral nematic phase [38-4013.
1.3 Smectic mesophase:

The smectic mesophases are generally more viscous than nematic.
In addition to the long r;ngé orientational order the molecules
are arranged in equidistant planes. The long axis of the molecules
are parallel to the preferred directionﬁ?wﬂﬁch may be normal to
the planes or tilted by a certain angle. In some' smectic phases,
the molecules are mcbile in two directions ¢ in the ia?er pléne)
and can rotate about its . long axis. The interlayer attractions are
weaker than the lateral forces between the molecules and hence the
‘layers can slide over one another thus showing fluid behaviour. At
least eight the%motropic smectic phases have been identified
[41-501. The smectic phases have been designated as follows [513.

S
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Since, in the present work I am concerned with nematic and
smectic A phases only, I will not go into details of other smectic
:phases. However, I am giving classification of smectics according

to Pershan [191 in figure 1.1.
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1.3a Smectic A phase:

In smectic A phase the long axis of the molecules 1lie almost
parallel to one another within’ the smectic layers and the director
is normal to the layer plang. The layers can slide over one
ancther. The molecules are Qeneraliy free to rotate about their
lbng axis and the distribﬁtioﬁ of the molecular centres in the
layer plane is random [44,52,533. Due to the infinite fold
rotational symmétry about an axis parallel to the direction normal
to. the layer, smectic A phaée at thermal equlibrium are uniaxial
ES41. Recent works {55—61] have revealed that smectic A phase -can
be subdivided.into several distinct phases such as monoclayer

Smectic Al’ bilayer Smectic A_, partially bilayer Smectic A and

. d’
smectic antiphase Smectic A. To have more information regarding
this polymorphism in smectic A some recent publicatiton may be

consulted L[&62-7013.

1.4 New liquid crystalline phases.

1.4a Discotic phases:

In addition to the 1liguid crystalline phases discussed,
recently disc—shaped molecules have been synthesized that exhibit
a new class of columnar liguid crystalline phases (713 in which

the molecules are stacked in parallel columns, these columns

forming a two dimensional array. Previously, very similar
disc—like mesogens had been identified in petrolium and coal tar

£72,731. In recent years significant amount of research have been

performed with disc like molecules [74-7813.

1.4b Re—entrant phase:

One of the most interesting phenomena exhibited by ligquid
~crystals is the formation of ‘"re-entrant phase”, anglogous to

similar phases observed in superconductors and “He. In 1975 the



re—entrant phase sequence in liquid crystals was discovered 'by
Cladis et al [791. In certain terminal polar éompoﬁnds such as
octyloxy cyano biphenyl (80CB) this behavior is readily induced
either by the application ‘of elevated pressure, 6?' by making
épbropriate'binary'mixtures with second materials su:ﬁ as hexylox}
cyanoc bipﬁenyl (60CB). Since its discovery, the re—-entrant riematic
phase has been studied extensively. This phase has been observed
in mixtures £79-803 as well as in -single compounds at high
ﬁreSsure [81-823 or at atmospherié pressure [831.. The re—eﬂtrance
Lbf liquid crystalline phéses',is not 'restricted to the binary
‘systems of terminai polar cnmpoundslonly but has been observed for
terminal non polar compounds as well [84-873. Re—entrant smectic
phases have alén begn reported in terminal polar compounds [88]3.
In binary migtures cf terminal non polar compounds the ﬁhase:
o Sp has been detected ([89-901. The re-entrant
nematic phase has been ocbserved in some pure compounds at

sequence SQ— 8

atmospheric pressure [83,21-971. A multipie re—entrant
polymofphiSm have also beeﬁ found in a pure substance [981.

The mechanism of the formation of the nematic pbése at lower
temperature has been explained by Cladis {99-1013. A more complete
theoretical diséussion by taking attractive forces and hard core
repulsions by Longa and de Jeu {1021, showed that there can exist
a lower temperature nematic phase. Based on the molecular point of
view, §. Chandrasekhar [1031 has discussed qualitatively the
re—entrantrant pheéenomenon. Luckhurst and Timmi £1041 have
developed a molecular theory for re-entrant nematic and smectie A
mesdphases by extending McMillan'5_<treatmept of the smectic A

phase [1051.
1.4c The injected (or induced) smectic phase:

One of the fascinating features of binary liquid crystal
mixturés is the formation of so-called injected {ior induced)
smectic phases from components which show only nematic  phases in
their puré states [106,1073. The formation of injected smectic
phase is accompanied by‘ a mar ked deviation of the

nematic—isotropic transition temperature from a linear dependence



on cnmbosition. Induced smectic phases are often formed in binary
mixtures of one compound having a strong terminal polar group and
another coﬁpound having nbﬁ polar terminal group. £108-1231.
Evidently; dipole - induced dipole interactions play a major part
in.this phase stabilization. There is some evidence of charge
transfer complex being formed with polar molecules acting as
acceptors [108,118,1243. Recentlyi however , injected smectic phase
has been observed in mixtures of | other type of X molecules
t12=;L27J. Mixtures of two cyano cnmpnundsy have been found to
induce smectic C phase [125,1261. A quantitative theory of
injected smectic phase is difficﬁlt since. it would require the
inclusion of position dependent attracfive and repulsive
interactions fof both the comﬁnnents. Wagner [1283_535 tried with

limited success to explaih the phase diagram of mixtures showing
'injected smectic ﬁhése uéing McMillan's [1053 theory for smectics.
He however could not reproduce the nematic—isotfnﬁic phase
boundary. A molecular model of the induced smectic phase has aléo

been discussed by de Jeu etval £12917.

1.5 Objective and scope of this work:

Cyano compound; and their mixtures are . widely  used in
commercial devices. The cyano biphenyls are quite stable, 'easily
available and have .rather large birefringenée aand other
anisotropic properties, and hence are ideal ;camponents " for
electro—optical display devices. To have a liqdid crystal at room
temperature with desired brupe?ties for a display device, often
two or more pure compounds are mixed. The physicafﬁlproperties of
such mixtures can not be interpnlated from the properties of the
pure cnmponenté, notable examples being formation of injected (or
induced) smectic phase in a ‘mixture .of pure nematogens, and
exhibition of re—entrant nematic phase in a mixture of 1liquid
crystal chemicals which do not show such phase in théir pure form.
The presence of induced smectic phase in the operational
tehperatu;e raﬁge of the display device must be avoided. However,

its presence at a lower temperature is advantageous since it



decreases the bend to splay elastic constant ratio thus increasing
the sharpness of the electroptical display device. Hence,
measurement of physical properties of cyano compounds and their
mixtures is very important from the view point of selection of
proper liquid crystal materials for display devices.

I, therefore,lundertook tolstudy a few pure cyano biphenyls and
several mixtures containing cyano biphenyl by small angle x-ray
diffraction technique, for determining the order . parameters and
layer thickness or apparent'mnlécular length in their respective
mesophases. I also determined the refractive indices and density
of most of these mixtures for which no :such‘ data was ' available
' before. 1 have extensively studied two mixtures, showing injected
smectic phase, over their entire composition range. I have also
fitted fhe experimental order parameter values in the smectic
phase with those calculated from McMillan’'s theory by' varying o«
and & parameters in the potential. 1 have been able to
successfully explain the vériation of the layer ™ thickness with
composition for these mixtures. No »-ray diffraction stuidies on
aligned samples of these mixtures showing either re—entrant
nematic phase or injected émectic ‘phase is available in thé
literature. Such study is - essepntial for the determination 6f
.orientational order parameters. ?Preﬁiuusly'l reported but
-unexplained anomalous entropy change in one of the mixtuwes has
been explained successfully. I have also studied mixtures
{60CB/80CH) showing re entrant nematic phase and have shown that
‘Bven in the mixture of &0CB/8B0CE which has no smectic phase, »-ray
diffraction photographs indicate strongly the'preéence of smectic
fluctuations. '

X-ray diffraction data from monocdomain samples of alkony

cyanobiphényl {n = 9,10,11,12) in mesophase have been analysed to
determine the order parameters and layer thickness. Powder
photographs from nOCB (n = 2,10,11,12) have been analysed to

estimate the unit cell parameters of these crystals assuming these

to be mDnoclfﬁic. .
Finally, an e)xperimental set up for the determination of bend

and sﬁlay elastic constants has been successfully designed and

constructed by me. This was used to determine the bend to splay
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ratios of five nematogené. Priecst's spherocylindrical model has
been successfully tested using our x—-ray data for length, width

and order’ parameters <P2> and <P4> for these compounds.
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