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Abbreviations and Symbols

LCD

I

N

FN

NI

P](cos9)

P2(cos0)

<P1>

<p2>

An

0

V(cos0)

Vmin

8
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k

liquid crystal display

isotropic

nematic

ferroelectric-nematic

nematic to isotropic

first order legendre polynomial

second order legendre polynomial

average of first order legendre polynomial (ferroelectric order

parameter)

average of second order legendre polynomial (ordinary nematic order

parameter for cylinderically symmetric molecules)

a unit vector which represent the average direction of long molecular

axis of rod-like molecules in a nematic phase

an angle between the molecular axis and the director

single molecule orientational potential energy (mean field potential)

the minimum value of the potential on the potential versus

orientational angle curve

potential well that measures the overall strength of intennolecular

interaction

orientational distribution function

Boltzmann’s constant
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T

X*

Z

E

N

<V>

S

A

E*

S*

A*

AE*

AS*

AA*

T*NI

X

5

X0 and 5C

and 5{f

absolute temperature

reduced temperature

single molecule partition function

internal energy

number of molecules

average value of potential

entropy

Helmholtz free energy

reduced internal energy

reduced entropy

reduced Helmholtz free energy

nematic to isotropic transitional reduced internal energy

nematic to isotropic transitional reduced entropy

nematic to isotropic transitional reduced Helmholtz free energy

nematic to isotropic transition reduced temperature

a coefficient for pure first rank order parameter

a coefficient for coupling terms (coupling between first rank and

second rank order parameters)

critical point values of X and 5

triple point values of X and 5
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Abstract

Using mean field potential containing the lowest symmetry allowed first rank,

second rank and coupling of the two terms, we have studied the ferroelectricity in

nematic liquid crystals. By taking various combinations of the terms, we have

designed a number of potential models and performed mean field calculations for

each potential. The significance of a pure dipolar and coupling interaction terms are

investigated. The pure dipolar interaction term has been found to show more

influence than the coupling terms for the formation of ferroelectricity in nematic

liquid crystal. Phase diagrams that show ferroelectric-nematic (FN), nematic (N) and

isotropic phases are produced for the various potential models.
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1. Introduction

The tradition that matter exists only in three states (solid, liquid and gas) is not always

correct. Because there are a number of organic materials that do not show a single transition

from solid to liquid. Instead, they show a series of transitions involving new phases whose

mechanical and optical properties are intermediate between those of a liquid and those of a

crystal. For these reason, these new phases are called liquid crystals or ‘mesomorphic

phases’ (or simply ‘mesophases’) to mean intermediate phases.

The constituent molecules in a crystal are regularly stacked, i.e., their centers of gravity are

located on a three dimensional periodic lattice whereas in a liquid the centers of gravity are

randomly distributed in space. The molecular ordering in the liquid crystals lies between that

of a crystal and that of an isotropic liquid. The partial ordering of the molecules may be

either translational or rotational or both. Obviously, translational order can be realized

regardless of molecular shape whereas rotational order has meaning only when the

constituent molecules are elongated (nonspherical). Hence, molecular structure is an

important factor in determining the kind and extent of ordering. The molecules that form

liquid crystals are more or less elongated in shape.

Research in the field of high technology materials is changing the world for the better. One

such materials is liquid crystals. Nowadays everyone frequently encouters with liquid crystal

displays (LCDs) in wristwatches, calculators, and information displays. Research in the

application of LCDs for television screens are expected to revolutionize the way we watch

TV [1]. Liquid crystals are also very useful in medicine as thermographs to detect cancer on
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a skin surface, in NMR as solvents for determination of molecular structure, and in

information technology to make high capacity storage device [2].

1.1 Classification of Liquid Crystals Based on Degree of Order

Liquid crystals can be classified into various types according to their degree of order. This

classification is a scheme based primarily upon their symmetry. This scheme, first proposed

by Friedel [3,4], distinguishes three major classes: the nematic, the cholesteric and the

smectic phases.

i. Nematic Liquid Crystal

This is the most commonly occuring liquid crystal and has the lowest degree of order

from all the liquid crystals. In the nematic phase, the molecules tend to align parallel to

each other and hence there is long range orientational order, however, there is no long

range correlation of the molecular center of gravity positions, Fig. 1. From this figure we

see that the difference of the nematic phase from the isotropic phase is only in

orientational order, i.e., the long molecular axes in the nematic phase are directed along a

preferred axis on the average. The unit vector that represent this preferred direction is

called director and denoted by a symbol h .

2
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Fig. 1 Schematic representation of (a) nematic order and (b)isotropic phase.

ii. Cholesteric Liquid Crystal

This is a distorted form of the nematic phase. If a chiral molecule is dissolved in a

nematic liquid, the structure undergoes a helical distortion. Locally, the cholesteric phase

is very similar to a nematic phase. The centers of gravity have no long range order, and

the molecular orientation shows a preferred axis. However, the preferred axis is not

constant in space rather it forms a helical conformation along a helical axis, Fig. 2.
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Fig. 2 Schematic rerpresentation of cholesteric order.
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Smectic Liquid Crystals

According to the various degree of order and the symmetries present, the smectic phase

is further sub-divided as smectic A, smectic C, smectic B, etc. If we take the smectics A,

C and B, they have one common feature, i.e., all the three have one degree of

translational ordering, resulting in a layered structure.

a. Smectic A

Within the layers of a smectic A phase the molecules are on the average aligned parallel to

the layer normal and have no long range order with respect to center of gravity position.

Hence, each layer is a two dimensional liquid. The layer thickness is close to the full

molecular length, Fig. 3a.
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Fig. 3 Schematic representation of (a) smectic A order, and (b) smectic C order, ro

is the tilte angle from the layer normal.
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