CHAPTER 1

INTRODUCTION TO
LIQUID CRYSTALS.



Certain materials show not a single transition but
rather a cascade of transitions on going from solid to liguid
phase. These new phases are found to possess mechanical and
symmetrical properties intermediate between those of a liquid
and those of a crystal. Although the existence of ligquid
crystals have been hnoun for comparatively a lony time, the
meteoric rise in interest recently, has occurred for several
reasons. bLiquid crystals have revolutionised the display
industry. The 1liquid crystalline state is ubiquitous in

biologically active system including the human anatomy. Also

the physical behavior of liguid crystals bturns out to be
)

-~

remart ably subtle. Lehmann was the first to suggest the name
*ligquid crystals’ to identify these new states of matter or
mesomorphic phases.

A crystal 18 a three dimensional periodic array of atoms
or group of atoms. The centres of gravity of the various
groups are arranged on a lattice. On the other hand the
molecules in  an  isobrophic liquid has no pasitional  and
orlentatlcpal order. The liquid state of matter differs most
obviously from the solid state by the property of fluidity.

Mesophases lack the perfect order of crystalline statbe,
but are more ordered than a liquid phase. Liguid crystals are
partially ordered, showing X—-ray diffraction paltern from
Bragg reflection, but are assumed to be liguid in the sanae

that a shear stress 18 not opposed by permanent forces.
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Several bookls and review articles on liquid crystals have been
published by eminent authors. The names of a few are 1nc Tuded

3—-16
1n the references.

Types of Liquid Crystals and their molegcular arrangements:—

Ligquid crystals can be classified some what loosely into
two types, thermotrophic and ‘lyotropic. Those which can be
formed by thermal effects, that 1s by heating & solid or by
conling a liquid phase are termed as thermotropic. Lyotropic
liguid crysézzéqare usually obtained by dispersing a compound
with another compound, one of which s solvent «say water.
Feiyng biologically important, these lyotropic liquid crystals
possess in their molecular structure an lonie group thatb g
water soluble, and an organic part that 18 insoluble 1n water.

Amphiphilic caompounds are Lhosoe whtteh baehave  as
lyotropic while non—amphiphilic compounds are thermoiropic,
1in nature.

The tind of molecules which form thermotropic liquid

crystals generally have a common geometry. Thease organic

molecules will be elongated and possess a fairly rigid core
L Y ~
2021
structure. The general formula for these compounds G as
follows:
Terminal - _O_~e—dtint age | _0O_ -}~ Terminal

group group G reLp




Polymarphism in thermotropic Liquid Crystalsg.

Thermatropic liquid crystals are usually divided into
three classes; nematic, cholesteric and smectic.
1. Nematics.

In the nematic phase the cegtres of gravity of
molecules have no long range order. However the long axis
of‘the molecule tends to align in a particular direction.
(g\) (Fig 1). So we have a statistically parallel
orientation of the long axis of the molecule along the
director. This ensures that all &acrcscopic tensor
properties of the phase dﬁsplay one set of values along
the unique axis and another set is exhibited at all
directions perpendicular to it. Hence optically a nematic
is a uniaxial medium showing positive birefringence with
the optical axis along (; ). This phase has a cylindrical
syémet:y about n . Except for the ferroelectric
cyrstaiz s the states of the director : and (—: ) are
thought to be indistinguishable.

The director is the most probable and the most
populated direction of the molecule. At finite
temperatures however the thermal motion of the molecules
prevents perfect alignment. .

The word nematic comes from a Oreek word “"Nema"

meaning "thread" as a thin film of nematic liquid crystal

show thread like pattern, called the "Schliern texture”
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when observed under microéccpe (Plate 1). These patterns
are due to the stable defects that characterise the
phases.

Tuwo different theories of liquid crystalline
ffrgctures have been proposed by vérious researchers. The
ggaﬁﬁ theory assumes that the interior of a nematic liquid
crystal in the absence of any external forces other than
the orienting surfaces is composed of clusters of
molecules with definite bgundgries.‘ﬁ cluster or ‘swarm’
contains 194 —?ﬂ molezales arranged appraximately
parallel so that a unique axis is determined for the

sSwarm.

27-2%9
The continuum theory suggests that the orientation

direction of the 1liquid crystals can vary slowly from
point to point (except at singularities), and 18
determined by orienting influence of the container walls
and external forces and fields.

Different nematic texture other thac the classical
nematic phase has been presented by de Vri:g. He proposed
that 1n skewed cybotactic phase the molecules are arranged
in groups in such a way that the centres of molecules in
each group lie ain a phase making an angle significantly

different from 94 degree with the mean direction of the

long axis of the molecules in that group. Another texture’
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which de Vries identifies as the normal cyhotactic phase
1s similar to these skewed 'one but with close to 98
degrees.

Because of thermal motion the molecules in a nematic
pHase are nat all exactly parallel but the extent of
parallelism is measured by the order parameter (8).
Nematic liquids are easily oriented by a magnetic field
with the optical axis becoming parallel to the field axis.
It can also be oriented by surface treatment.
Cholesterics.

Molecules in the cholesteric state essentially lies
in planes of a few angstrom thick. Very many such planes
stack upon one another to form a several thousand angstrom
thick layer. The direction of the long axis of B molecule
in & given phase is slightly and systematically rotated
from the direction of the axis of the molecules in the
adjacent planes (Fig. 1).

The result is a helical structure which shows great
optical activity because the layer distance of several
angstroms corresponds to the optical wavelength.

A nematic phase is converted into a chlorestric
phase by the addition of a small amount of optically
active (Chiral) material. Again two chlorestric materials
of opposite helical senses give a nematic mesophase at

some finite composition. Hence the cholestric phase may be



regarded as twisted nematicvphase.

Locally a cholesteric is very similar to a nematic
material, there be being no long range order of the
ce%tres of gravity of the molecules. The order parameter s
in ‘the cholesteric phase is assumed to be the same &s in
the nematics.

The ideal spiral arrangement in cholestrics ig
vsasily distorted and focal conic texture is obtained when
viewed under a microscope between two parallel glass
plates (plate 2). Grandjean structure is aobserved when the
cholestric liquid is confined in a wedge shiped space.
Grandjean planes are actually singular 11n§§. It is
assumed that the undistorted helix structure is realized
only in reqgion where the gap width is an integral multiple
of the half pitch.

Smectics.

In smectic liquad crystals the molecules are
arranged in layers with their long axis approximately
normal to the plane of the layers. The moletcules can move
in two directions in their ouwn plane and can rotate about
one axis. The molecules within a layer may be regularly
spaced as in a crystal or may be randomly distributed. The
planes can slide eésily over one another.

The smectic textures always occur as expected from

their higher order at lower temperatures than the nematic
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and cholesteric liquids. If a substance shows both nematic
and smectic states, then the for the gradual decrease in
temperature the following phases are obtaineds~
Isotropic Liquid -—--3> Nematic ———lt Smectic -—-> solid
crystal.

Several possible structural modifications in the
smectic phase have been discussed by various workers
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including Sackmann and Demus, Saupe, Fergason et al.
Smectic polymorphism can be identified using the
polarising microscope, thermal analysis, miscibilaity
studies and X—-ray investigations. Sackmann and Demus
studied in detail and reported various smectic phases from
smectic A to smectic H. They are identified by miscibility
studies. However de Varies has classified the smectics
into three main classes as and on the basis of X~
ray studies. -
111 Physical investigations with liguid crystals.

1. Thermodynamic measurements.

37
Barrel, Porter and Johnson, and various other

workers have used the differential scanning
calorimetry and differential thermal analysis method
for Calorimetric measureTents. From the adiabatic

calorimetry studies Arng?d has determined the heat

capacities and latent heats. It has been found that

the entropy changes of nematic - rsotropac and



Cholesteric — isotroipic transitions are of the same
order of magnitude. This is in agreement with the
interpretation regarding the similarity of thege
phases. In compounds of g2 homologous series a
progressive alteration in the Cclearing point
temperature has been found with increasing chain
length. Maier and Saz:e has described this odd-even
regularity due to the dipole - dipole dispersion
forces.

The heat capacity curves Tor liquid crystal
caomponents exhibiting several mesomorphic phases has
been determined and compared with the heat capacity
data from the statistical theory of Maier and Saupe.

Phase characterization,enthalpies and entropies
of transition of some substituted benzylamznés has
been estimated and a relationship between these
parameters ang molecular weight was found by Palac102.
Navard and ggx has studied the Smectic A Nematic
transition from the measurement of the height of the
DEC transiﬁlon peab. They have found that the SA-N
transition for octyle cyanabiphenyl was second order
but for gonyl cyanophenyl it was first order.
Takahas:: measured the temperature dependance of

specific volumes for N-{(4—-n—-pentyloxybenzilidene)-4-n-—

alkylaniline, S5d, n (from n=4 to 14). They found that



the coméounds with odd numbered carbons in the alkyl
chain exhibit larger volume changes than those with
the even numbered carbons at the I-N transtion whereas
at the N-S transtion an opposite alternation is found.
Chandra a?d Jaisggl studied +the phase transaition
behaviour of highly purified cholesteryl acetate by
DTA and thermal optical microscopy. They found that
the appearance of the cholesteric phase depends on
baoth the time period and the temperature at which
annealing is performed. They have detected a 'new
solid phase 5 and its formation is linked with
nucleation rate.

A fast new didatometric method for locating
phase transitions is liquid crystals has been listed
by Domen122,

Infrared Raman Spectra and Fluorescent Measurement
with Liguid Crystals.

Polarized infrared radiation ainteracts with a
molecular vibrationai transi1tion moment according to
the expression (M.E?. If ~the transition moment M is
perpendicular to the field vector E, no light is
absorbed. Using polarized infrared radiation Maier and
Engleﬁt have studied the degree of orientation in
nematic liquid crystals oriented by surface forces.

47 -
Neff Bulrich and Brown have studied the orientation in
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a dic. electric field by infrared dichroic methods.
Bhigg et al have observed the Raman BSpectra for
different phases of TBBA.

Photo Kinematical approach has been utilised for
investigation of solid - smectic - isotropic phase
transition 1n some P—-P’, di substituted biphenyl

49 56
molecules by Maiti. Davies has studied the liquid
crystalline polymorphism from Raman Spectroscopy.

The Raman Spectrum of 4 — n - butyloxy benzoic
acid has heen studied in a lgngitudinal and transverse
magnetic field by Koller, Lorénzen, and Schaib. They
found that certain vibrations become active in =&
magnetic field and that <the activity depends on the
orientation of the vibrational polarizability tensor
with respect ;tc the electric vector of the scattered
light. Perchzie found the 82 and 84 order parameter of
some ligquid crystals through fluorescent measurements.
With polarized fluorescence of dyes oriented in room
temperature nematic liquid crystals Baur et 5;1 found .’
the order parameters. Fluorescence spectra of 3 COR 54
and 8 COB in solution have been studied by David.
Magnetic Resonance.

A large fraction of research work 18 being

conducted 1n this field as the magnetic resonance

stuides give information on the process at the



molecular level.

a.

Nuclear Magnetic Resaonance.

595
Spence and his coworkers were the first to

observe the NMR, Spectrum of PAA in the nematic
phase and they interpreted the spectrum in terms
of order resulting from parallel orientation.

86 37
Lippmann, and Weber found that the spectrum i1n the
liguid crystal phase depends upon the degree of
molecular order and the configuration of the
molecule which comprised this state of matter. On
conducting N M R studies of solutes in nematic
liquid crystals Englzit recognized that highly
resolved spectrum of a solute molecule can be
observed on top of the broad unresolved spectrum
of liquid crystal salvent. Plenty of information
could be obtained about the ordered solute
molecule 1ncluding the precise relative bond
lengths and angles, signs of spin spin coupling
const;nts and anisotropic chemical shifts.

N MR spectra has been used to measure the
order <P2:> in thermotropic systems and of ordered

59 &3
solutes. Shashidhara has obtained the

orientational order parameter 8 for a nematic

ligquid crystal 4-4'-bis (pentyloxy) azoxy benzene
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from wideline N M R spectra using the doublet
gplitting arising from dipole dipole interaction
of the adjacent rings protons. By deutron magnetic
resonance technique Bos et zi have measured the

order parameter 8zz and (8xx - B8Byy) and their
temperature dependance in nematics and smectic C

phases of P’'~ (Heptyloxy)-azoxybhenzene (HOAB).

Pretransitional phenomena in the isotropic

- phase of a liquid crystal have been observed by N

M R spectroscapy in presence of an electric fie?ﬁ.
Rai et 6?1 have reported spin probe in isotropic,
6ematic and smectic A phaseg of NPOOB. They have
studied the angular varzéﬁinn of the spectra in
smectic A phase and determined the order parameter
8, the rotation correlation time TR and the
anisotropic diffusion parameter (N) at different

temperatures.

Electron Paramaqnetic Resonance.

b4
Luckhurst has used EPR to distinguish

between the swarm and continuum theories of
nematic liquid crystal. He found that the two
models are identical E.P.R measurements being more
sgnsitive than N M R,y requires less solute also it
is effective in the study of viscous liquid

crystals.

oA



€. MossbaurEffects.
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Uhrich et al observed the Mossbauer effect
from the quadrupole splgz Fe 8Spectrum of 1, 1’ dia
cetylferroues dissolved in 4, 4°'-di- heptylaxy
azoxy benzene in the § texture. The structure of
the smectic phase cag be studied by measurements
of recoil free fraction. Also Mossbaur studies can
be made of ordered molecules which do not form
single crystal in the solid state.

X-ray and neutron Scattering Measurement.

The first X-ray study of liquid crystal were
performed lang back in 1713 by Van Iing:2. Laue and
Debye Scherrer patterns of liquid crystalline textures
can be analyzed to establish information on the inter
molecular arrangements, Strata packing of this
structural facts. X=ray techniques have a wvery.
practical use in relation to the classification and
the degree of ordering in smectic phases. For these
experiments the sample has to be in monodomain. Bryzz
et al studied the crystal structure of P-N-alkoxy
benzoic acids and P-N- alkoxy cinnamic acids with X-
ray measurements. Boodbey et 2? by using free standing

liquid crystal film technique found that the non

crystalline B phase has short range, in plane position



at correlations but long range, three dimensional, six
fold bond orientational order. The structural phase
transition of MBBA and DDEAMBC have been studied by

&9
enargy dispersion X~ray diffraction.

Ultrasonic Investigations.

The measurement of the absoroption and velocity
of the ultrasonic longitudinal sound waves in several
liquid crystals near the phase transition has been
carried out by several researchers. They have found
that the abosrgtion passes through a maximum at the
isotropic - liguid crystal transition. Also the
velocity changes discountinuously at the transition
passing through a minimum at that point. Edmonds and
DZ? have applied the theory of Maier and Saupe to
explain the absorpiton in the nematic phase near the -
isotropic transition, based on the theories used for
abosorption near the critical point 1n rare gases. A
review of the work done 1i1n ultrasonic investigations
is given in the chapter four.

Optical Properties.

a. Birefringence.
Microscopic observation of nematic liguid’
crystals between crossed polarizers show that it
behaves optically 1like uniaxial crystals and show

71
positive birefringence Chatelain has contributed



much to the knowledge concerning the refractivity
and light scattering properties of the nematic
phase. At the nematac isotropic transtion
temperature a discountinuity in the refractive
index is observed.

Measurements of infrared birefringence of
some liquid crystal mixtures are reported by Shin

72 73

Tson et al. Saupe was the first to measure the
birefringence of 1liquid crystals by conaoscopic
method A nematic slab with planar alignment placed
between crossed polarizers such that the polarizer
and analyser are at 45 degrees to the pretered

direction of aligment shows a typical interference

pattern.

Optical rotation and scattering,

Linearly polarized light when transmitted
perpendicular to the molecular layer is found to
have direction of 1ts electrical vector rotated
progressaively along a helical path. The 1light
scattering effect 1n liguid crystals 1s reported
by PortZi. ChandrasePhZi et al have measured the
optical rotatory power of liquid crystals by
interferometric method. Sacka:n has studied the

effect of electric field induced orientation of

liquid crystals and their optical absorpiton. The



study of the circular vibration propagation in
cholesteric liquid crystals has been carried out

77 78 : 79
by Chaletain. Heilmer and Derick has used the dynamic
scattering mode in a nematic liquid crystal in order
to determine the performance of mematic liquid crystal

displays.

Viscosity
Viscosity measurements in a nematic liquid crystal

showed that the quantity is anisotropic, which 1s
expected from the very nature of the liquid crystals.
A review work on the rheological data available far

1272]
mesamorphic states is given by Porter.

Electric and Magnetic Properties,

The digtortion of a nematic slab in a magnetic field
first observed by Freedrickgi has found applicatioﬁ in
liquid crystals display 'devices. The +transition is
essentially due to the magnetic alignment of the bulk
sample directors at suff{ciently high field strength.
A homeotropic cell containing an insulating nematic
slab is uniaxial in the undistorted state and becomes
birefringent above the threshold valtage. This
electrically controllable birefringence is intersting
for devicenapplications and has been studied by |
several wgﬁggﬁs. The elctric field induced
cholesteric to nematic phase transition was observed

B85
by Wysocki et al.
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Application of liquid crystals.

Liquid crystals are found to exhibit different opti:ali

properties such as reflection, birefringence, circular
dichroism, optical rotation and colour. All these properties
being very sensitive to the change in the environment such as
temperature, pressure, electric or magnetic field or chemical
vapours are exploited to practical advantage.

The colur sensitivity of cholestric liquid crystals is
used to measure the temperature. In the liquid phase these
materials are colourless but on cooling gradually they go
through a range of colours in the mesophase. With the
choleatric sample, a detector that digplays colour ags
function of microwave intensity has been developed. The
cholesteric structure might soon be used for the detection of
infrared radiation. The cholesieric materials are also used
in the electronic industries as non destructive testing
tools. The use of cholesteric liquid crystals for thermal
mappiAQ of the surfaces of aircraft models in wind tunnel
tests has been explored. The quantity of bonding the
laminates (those used in aircraft structures) can be
eatablished by applying a film of cholestric ligquid crystal
to one side of the laminate and observing the pattern of heat
flow to the other surface.

Liquid crystals are currently being employed for wrist

watch faces, disposable thermometers, tumor detection,



digital readout for many instruments and microcomgutera,
optical filters, solvents for N M R, E 8 R, infrared and
ultraviolet spectroscopy, and for many toys and decorative
purposes. They are also used in thin screen televigion
display. As these systems require a -wery low voltage and
power they are desirable for use in integrated circuits and
complex addressing schemes.

Liquid crystals may be used as stationary phases in
vapour phase chromatography for improved separation of
certain isomers and of substance from a multil compgnent
system. Thermadynamic data such as heats of solution and
activity coefficients of solutes in liquid crystals using the
chromatographic technique can be readily determined. On
obtaining these thermodynamic data on solutes in 1liquid
crystall1pe phases good separations of position isomers ~ e.g
Xylenes cistrans isomers and may be optical isomers can be
develaped.

Smectics shows potential for use as storage media. New
uses for liquid crystals are rapidly emerging in different

areas of applications.

20
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