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CHAPTER 1

INTRODUCTION

The work reported in this thesis deals mainly with
the X-ray analysis of the erystal and molecular structures
of some materials that form liquid ecrystals. The
motivation for undertaking these studies wass two-fold.
| n their pioneering investigations carried out in 1933,
Bernal and Crowfoot [1] showed that there is a relation-
ghip between the meclecular packing | N the erystalline
phase and the structures of liquid orystals. With the
tremendous revival of imterest i nliquid orystals in
recent years, it wae felt that a more detailed study of
this fundamental problem would be of significance.
Secondly, a knowledge of the erystal structure of the
material isinitself of e¢onsiderable importance i n the
study of the physies of liquid erystals, Fox instance,

i n order to interpret properties like the birefringence
or the diamagnetic anisotropy | N the ligquid erystalline
phase, it is necessary t0o know the anisotropy oOf the
polarizability or the susceptibility of a single moleoule,
and thia can be determined from measurements i n the solid
state, but only if the erystal structure is known.

V¢ shall begin this introductory ehapter with a
brief description of liquid erystals and their broad



structural charaateristics. A more detailed account
of their structures and physiaal properties may be
found | n several reviews and monographs available |n

the literature {2].

1.1 WH are liguid orystals?

Liquid arystals represent states of matter inter-
mediate between the orystalline solid and the isotropic
liquid. Liquid erystallinity is also referred to as
'mesomorphism' and liquid orystalline phases as 'mesophases’.
A compound which exhibits a mesophase i s known as a
'mesogen'. Depending on the various molecular echaracteri~
stics (discussed in the next eection) and also on the
intermolecular forces of attraction, a crystal may pass
through one or more mesophases before transforming into
the isotropie liquid.

A liquid crystalline system could be either
lyotropio or thermotropio. The former refers t0 a two
or more component sSystem i n which the mesomorphio behaviour
I s brought about by the influence of solvents. #hermotropic
liquid erystale are obtained by purely thermal processes,
i.e., by melting or partial melting of selids. As this
theais is concerned with the study of thermotropie Systems
only, all further discussion will be limited to this type
of liquid crystal.



Thermotropic liquid erystals are conventionally
classified into three broad groups: nematic, oholesteric

and smectic.

(a) Nematic liquid crystals

The nematic mesophase is characterised by a high
degree of long-range orientational order,but no long-
range translational order. The molecules in this meso-
phase are spontanecusly oriented approximately parallel
to each other. Fig. 1.1 shows a sohematic representation
of the molecular arrangement in the crystalline, nematic
and isotropic phases.

(b) Cholesteric liquid crystals

The cholesteric liquid crystal eould be econsidered
to be a nematic liquid orystal except that It i s composed
of optically active molecules. It has a nematic-like
structure withascrew axis superposed normal to the preferred
direction of the molecules (Big. 1.2). The pitch of this
helical arrangement may range from a fraction of a micron

to several microns and is temperature dependent.

(¢) Smectic liquid erystals

Smectic liquid crystals have layered struct?res.
. 0
The molecular arrangement within the layer can be‘ivarious

types. Smectie A is the most common type, in which the
molecules within a layer are upright with their centres



PIGURE 1.1

Schematic representation of the molecular arrange-
ment in the erystalline, nematic and isotropic phases.
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Pigure 1,2

Schematic representation of the molecular arrangement
in the cholesteric phase



irregularly spaced (Fig. 1.3(a)). The |layer thickness

I S generally of the order of the length of the molecule.
In smectic B, the molecules are upright as i n smeotic A
but their centres are hexagonal close-packed within a
layer. The molecules i n smectic ¢ are inclined with
respeot to the layers and their oentres are irregularly
spaced as in smectic A [Fig. 1.3(b)]. Smectiec Dis
reported to have a cubic structure A few other smectic
modifications have also been reported but as yet their
detailed structures have not been established conclusively.

1.2 Structural characteristies Of mesogenic compounds

From chemical studies, 1t has been found that in
order to be a mesogen a compound should satisfy the
following structural characteristics:

(1) Xte molecules should be geometrically anisotropic,
generally long, narrow and rod-like i n shape with a high
value for the length/breadth ratio. (However, mesomorphic
behaviour in disc-like molecules has been discovered
recently [3]). Geometrical anisotropy is avery essential
characteristic Of A mesogen and its importance will be
evident from the following example. %The compound
p-n-decyloxybenzoic acid [Fig. 1.4(a)] exhibits both
emectic and nematic mesophases. However, 3-bromo-4-n-
decyloxybeneoic acid [Fig. 1.4(b)] is not a mesogen at
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all. The presence of an extra, laterally substituted
bromine atom i n the latter molecule increases its width
and thus inhibits the formation of mesophase.

(11) The molecules should contain active polarisable
groups |ike unsaturated bonds and aromatie rings. The
presence Of polarisable groups enhances the nesomorphio
thermal stability of the, molecules. fThis i s illustrated
I n the following example. The compound p-n-decyloxybenzoic
acid [rig. 1.4(a)] hos a lower nematio thermal stability
compared tO 4'-p~propyloxy biphenyl-4-carboxylic acid
[Fig. t.4(c)]. Both the acids form dimers. The reason
for the higher nematic thermal stability of the latter
compound could be traced | o the greater polarisability
arising fyrom the presence of two extra aromatic rings

I N each Of ItS dimers.

(11ii) The presence of permanent dipole moments in the
molecule is conducive %o the formation of mesophase.
However, this is not an absolutely essential requirement,
as can be seen in the case of p-quinguephenyl [Fig. 1.4(a)].
If there is a strong dipole momat along the | ong mole-
cular axis, the nearest neighbours will tend to be

antiparallel [4].

The presence and relative positioning ef the

polarisable groups governs the intermolecular foroes
which lead to specific molecular packing i n the mesogenic



crystals. A detailed discussion on this aspect | a
given in chapter 5 of this thesis.

1.3 Qutline of the thesis

After the classic, work of Bernal and Crowfoot [1],
reported in 1933, no attempt wes mede to determine the
crystal struetures of mesogens, until quite recently.
When the author undertook the work desoribed in this
thesis, only a few mesogenic crystal structures had been
analyeed in detail, via., those of aniaaldehyde azine [5],
4-4'~agodiphenetole [6] , benzylideneaniline p-carboxylic
aeid (7] and p-asoxyanieole [8], all of which are nemato-
genie and ethyl p-aaoxybenzoate [9] which is smectogenic.
I n the present study, we report the analyses of the
crystal structures of four compounds. a nematogen,

a smectogen, and two isomorphous cholestercgens.

Chapter 2 deals with the crystal and molecular
structure of the nematogenic compound, n-p~methoxy-
benaylidene p-phenyl azcaniline (MBPAA) [Fig. 1.5(a)].
This compound crystallizes in the space group P2,/e with
eight molecules in the unit cell. The erystal structure
analysis was rendered difficult due to the paucity of

reflections data and the presence of 48 non-hydrogen
atoms i N the asymmetrie part of the unit cell. A combi-
nation of direct methods and packing considerations: was
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employed to solve the crystal structura. Ome of the
independent molecules i N the asymmetric part of the
unit cell is found to have a partial positional disorder

about ites azo bond.

The erystal and molecular structure of the
smeotogen, m-p~cyanobsnzylideng~p=-an~octyloxyaniline
(cBoOA) (Pig. 1.9(b)] is desmcribed inN Chapter 3. CBOOA
erystallises i N the apace group 1’21;"@ with 4 molecules in
the unit cell. The crystal structure was determined by

direct methods.

Chapter 4 describes the crystal structure analysis
of two cholesterics, via., aholesteryl chloride and
isomorphous cholesteryl bromide [Pig. 1.5(e)]. These
compounds erystallise in the space group r2,, with two
molecules per unit cell. The erystal Structure was analysed

by employing the heavy atom method.

While the work reported in these chapters was i n
progress, several other mesogenic erystal Structures were
reported in the literature [10=17}. In Chapter 5, a
summay of the common and prominent structural characteri-
stics which have emerged out Of these crystal structure
analyses ls given, with special emphasis an the mode of
packing in the erystalline phase and itS relationship
to the formation of mesophase.



A8 mentioned above, i N the course of the refine-
ment of the eryetal structure of MBPAA (chapter 2),
partial positional disorder about the azo-bond wa
detected in one Of the independent molecules i n tho
asymmetric part of the unit cell. A similar type of
disorder about tho asoxy bond hod, in faot, been analysed
by Krigbaum and Taga [13] i n the high temperature polymorph
of the smectogen ethyl p-aeoxybeneoate. Prior to this,
Krigbaum et al [8b] had mentioned the poesibility of a
partial positional disorder about the asexy bond i n the
orystal structure of PAA, though they did not present
any quantitative analysis of the disorder. Disorder
about tho azo-bond had been found by Brown i n two non-
mesogenic compounds, vig., p-azotoluene {18] and tram-
agobenzene [19], In the present work, least-squares
refinement has been earried oOut to investigate the
partial disorder oeccurring about the -N=N~ bonds of
theee compounds. The details and resulte of there
investigations are given i n chapter 6.

Soma of the results presented in this thesis have
already been reported. The references are given below:

1 Orystal structure Of n-p-methoxybenszylidene-p~

phenylasoaniline. (with Kalyani Vijayan) ~
Pramana,Suppl. No.1 (1975), 75.

2 The orystal structure of n-p-cyanobenzylidene~
p-n~oetyloxyaniline. (with Kalyani vijayan) ~
Ourrent Science (1976), 24, 857.



The crystal and molecular structure of the
nematogenio compound a~p-methoxybenzylidens-p-
phenyl azoaniline (MBPAA). (with Kelyani Vijayan) -
Acta Cryst. (1977), B33, 2236.

Crystal and molecnlar structure of n-p-cyano-
benzylidene~p-n-octyloxyaniline (CBOOA). (with
Knlya'ni Vi.jayan) - Mol. Cryst- Iliq. cwsto (1977)3

42, 249,

Crystal and moleoular stxueture of cholesteryl
chloride and isomorphous cholesteryl bromide.
(with %alyanl Vijayan) = Presented at the VII
International Liquid Crystals Conference, Bordeaux
(1978) - Mol. Cryet. Lig. Cryst. (submitted),

Studies on partial positional disorder i n some
azo and azoxy compounds. (with Kalyani Vijayan) -
Aota Cryst. (submitted).
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