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1.1 Liquid crystals 

In the year 1988, the botanist Friedrich Reinitzer [1] noticed a curious 

behavior of cholesterol benzoate with double melting points, and that observation 

is now widely recognized as the birth of liquid crystal science. This discovery 

opened up a new area of research in physics, chemistry and engineering sciences 

with unusual growth and unprecedented activity. Lehmann [2] illustrated it as an 

intermediate state of matter between an isotropic liquid and crystalline solid and 

coined it as „fliessende krystalle‟ in 1889 and „flüssige kristalle‟ in 1890 meaning 

„flowing crystals‟ and „liquid crystals‟ respectively. Additionally, Georges Friedel 

[3,4] suggested the term “mesomorphic phase” or “mesophase” to this state of 

matter. 

  Liquid crystals constitute a fascinating class of soft condensed matter, 

characterized by the combination of fluidity and long range order [5-9]. Pure 

compound, mixtures, aggregates, consists of anisotropic shaped molecules and 

show mesomorphic behavior. Between the crystalline solid and isotropic liquid, 

several mesophases can exist. The variables of states are temperature and/or 

concentration of solution. The unique subtle balance between the properties of 

liquid and solid that characterizes liquid crystals is deeply fascinating from a 

scientific point of view. Liquid crystals are anisotropic [10-12] i.e. strongly 

depend on direction even if the substance itself is fluid. This dual nature and easy 

response of these materials to electric, magnetic and surface forces emerged them 

as ‘smart materials’ [13]. 

 Today liquid crystalline materials are popular for their successful 

application in flat panel displays [14-18], However, their several unique and 

attractive properties also offers tremendous potential for fundamental science as 

well as innovative applications well beyond the realm of conventional displays 

[19-21]. Liquid crystal is used in several new devices such as smart phones, 

temperature sensors, laptop computers, tablet computers, phase modulators[22], 

digital projectors, beam steering [23,24], optical switch [25-27], dynamic 

information billboards etc.  
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1.2 Classification of liquid crystals 

There are two fundamentally different types of liquid crystals: (i) 

thermotropic [28-31] and (ii) lyotropic [32-37].  In lyotropic liquid crystals, 

concentration variation of components is the fundamental thermodynamic 

parameter, determining the phase. It is formed by isometric aggregates such as 

amphiphilic molecules dissolved in a non mesogenic solvent. One end of the 

molecule is polar and is attracted to water, while the other end is nonpolar, 

attracted to hydrocarbons. Depending on the concentration, the amphiphilic 

molecules aggregate to form sphere, lamaller, hexagonal or cubic structure as 

shown in Figure 1.1.  

 

 

(a) 

          

 

(b)                                                         (c) 

Figure 1.1 Lyotropic liquid crystals: (a) Lamellar (b) Hexagonal (c) Cubic. 
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Some biological structures, which are essential for life i.e. micelles, 

liposomes, cell membranes are lyotropic liquid crystals [19]. It may be used as 

specific vessels for drug administration or sensors for bacteria and viruses. 

Thermotropic liquid crystals are pure compounds or mixtures of 

anisotropic shaped molecules in which the formation of the liquid crystalline state 

depend on temperature. Thermotropic liquid crystals that exhibit reversibility of 

phase transition are called „enantiotropic‟ while in certain cases mesomorphism is 

observed during cooling only and are called „monotropic‟. In addition to 

anisometry, thermotropic molecules have its origin in a combination of a rigid 

core (often a linear arrangement of aromatic rings) and flexible terminal chains 

(generally aliphatic hydrocarbons) [38-41]. The thermotropic liquid crystals are 

widely used in technical applications, mainly in display devices.  

Since this dissertation deals with thermotropic liquid crystals, the different 

types of mesophases exhibited by this class of liquid crystals will only be 

discussed in details in this chapter. 

 

1.3 Liquid crystal formed by rod-like molecules 

Liquid crystal phases are composed of materials from the entire spectrum 

of chemical classes: organic, organo-metallic and biological molecules. The origin 

of the mesogenity of thermotropic liquid crystals lies in its anisotropic molecular 

geometry. Such type of liquid crystals is considered as rigid rods or ellipsoids of 

revolution with lengths greater than widths [42,43] (Figure 1.2).  

 

 

Figure 1.2 General molecular geometry of a liquid crystal. 
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These calamitic mesogens are usually composed of a rigid core (composed 

of phenyl, biphenyl, terphenyl, pyrimidine or cyclohexane etc.), which has two or 

more central ring (A and B) systems and flexible units R,R′ (alkyl, alkoxy chains or 

polar F, CN, NCS group etc.), located at terminal positions. The presence of 

linking units X, Y, Z (ester, carbonyl, azo, methylenoxy, ethylene, acytylene etc.) 

which increase the flexibility and length of molecule, at the central unit provides a 

convenient geometry for the emergence of mesophase. Linking units containing 

multiple bonds that maintain the rigidity and linearity of the molecules are most 

satisfactory in promoting mesophase stability.  The minor modifications i.e. lateral 

substitution M, N (F, Cl etc.) in the rigid core of the mesogens can lead to drastic 

changes in their mesomorphic properties. Fluoro-substituted liquid crystals which 

exhibit excellent properties such as low viscosity, high dielectric anisotropy, no 

aging, good thermo-chemical, photochemical stability and high specific resistance, 

is of great importance from application point of view [39-41]. The optical and 

dielectric anisotropies and liquid-like ease of reorienting the molecules of 

thermotropic liquid crystals make them ideal materials for many electro-optic 

devices such as flat panel displays, sensors, optical switches etc.  

Friedel classified thermotropics into three main types: nematic, cholesteric 

and smectic [3,4]. Various mesomorphic phases, with the molecules parallel (non-

tilted) or tilted to the layer normal are discussed in details below. 

 

1.3.1 Non-tilted phases 

 

1.3.1.1 Nematic (N) phase 

The nematic (N) is the simplest liquid crystal phase, exhibiting long range 

orientational but no positional order [44-47]. The long molecular axes tend to 

align parallel to certain axis called the director n (Figure 1.3). Although the 

constituent molecules may be polar, the states described by +n and –n are 

physically indistinguishable i.e. sign invariant. Thus, there exists a long range 

orientational order with the director along the principal symmetry axis of the 

orientational distribution function. The distribution function is rotationally 
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symmetric around the director, i.e. they are uniaxial and their centers are 

distributed at random. However, in certain cases biaxiality in nematics has also 

been discovered [48,49].  

 

Figure 1.3 Molecular geometry of nematic liquid crystal. 

 

In the planar geometry of the nematic state, schlieren textures with curved 

dark brushes, thread like or marble texture are observed under polarizing optical 

microscope (Figure 1.4) [50].  

 

                     

(a)                                                         (b) 

 

Figure 1.4(a-b) Textures of nematic liquid crystals (a) schlieren texture and (b) 

marble texture. 
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Deformation in alignment of the molecules in the nematic phase can be 

translated by small external influences of electrical, magnetic or mechanical 

perturbation into visible optical effects for which they are extremely useful in 

various display devices. 

 

1.3.1.2 Smectic A (SmA) phase 

In the smectic A (SmA) phase, the molecules are arranged in layers with 

the molecular long axis parallel to the layer normal, obeying cylindrical and 

inversion symmetry and also possess positional ordering in one dimension (Figure 

1.5). However, this one dimensional ordering is not truly long-range but quasi 

long-range. Positional order in the remaining two dimensions remains liquid-like, 

and therefore is of short range. Smectic phase retain a two dimensional order and 

the molecular motion is restricted within these planes [51-54]. Separate planes are 

observed to slide on each other, as the interlayer attractions are weaker than the 

lateral forces between the molecules.  

 

  

 

Figure 1.5 Molecular geometry and focal conic texture of smectic liquid crystal. 

 

The increased orders in smectic phases indicate more "solid-like" structure than 

the nematic. Under polarizing optical microscope, planar texture of the orthogonal 
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smectic phases, placed between crossed polarizes, shows a focal conic, fanshaped 

or batonnet texture (Figure 1.5).  

 

1.3.1.3 Smectic B (SmB) phase 

In the smectic B (SmB) phase, the molecules form layer structure and 

possess a two-dimensional translational order within the layers. This uniaxial 

phase is a very special class of smectics characterized by the quasi long range 

positional order in the direction perpendicular to the layers, short range positional 

order within the smectic layers (although typically longer than in the SmA), and 

bond orientational order. In the Hex B phase, the molecules are locally 

hexagonally packed [55-58], and the resulting six-fold bond orientational order 

(BOO) is maintained for macroscopic distances (Figure 1.6(a)).  

 

 

(a)                                                         (b) 

 

Figure 1.6 Molecular geometry of (a) hexatic smectic B and (b) crystal B phase. 

 

1.3.1.4 Crystal B phase 

In Crystal B phase the molecules are arranged in layers with their long axes 

orthogonal to the layer planes and have long-range translational order in three 

dimensions. As a result the Crystal B is known as anisotropic plastic crystal 

(Figure 1.6(b)). It possesses both long range positional and bond orientational 
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order. The molecules in the Crystal B phase have freedom of rotation about their 

long axis, i.e. their thermal motion is not completely frozen out. The position of 

the molecules is fixed but their motion is not detained [59,60]. The molecular 

center of mass forms a hexagonal net whose dimensions are comparatively smaller 

than the constituent molecules. Both the Hexatic B and the Crystal B phases are 

considered to be variations of the SmB phase.  

 

1.3.1.5 Crystal E phase 

Like the Crystal B phase, the molecules within a Crystal E phase are 

arranged on a triangular (or hexagonal) lattice and perpendicular to the smectic 

layers. In this phase, the thermal motion of molecules are reduced to the extent 

that they arrange themselves in a herringbone pattern within a smectic layer 

[59,60]. The orthogonal arrangements of the molecules with respect to the layers 

form a three dimensional lattice. Due to inter molecular packing, continuous 

molecular rotational freedom is also hindered. 

 

1.3.2 Tilted phases 

 

1.3.2.1 Smectic C (SmC) phase  

In the smectic C phase, the molecules form a layered structure, while in an 

individual smectic layer the centers of mass are isotropically distributed. The 

director n is tilted with respect to the layer normal by a fixed angle but the 

molecules are free to rotate on the so-defined tilt cone as shown in Figure 1.7. The 

director tilt breaks the full rotational symmetry about the layer normal [61-65]. 

The smectic C phase is optically biaxial and more viscous than that of the 

nematics. Moreover, the tilted arrangements of molecules in SmC phase are 

energetically more favorable than that of SmA phase. The tilted SmC phase is 

often preceded by the orthogonal SmA phase. This transition is most often of 

second order, characterized by a continuous change of the primary order 

parameter, tilt angle. Tilt angle is temperature dependent, vanishing at the 

transition to the high temperature phase. In this phase, normally nucleated 
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bâtonnet textures, [50] which grow anisotropically until they coalesce to the 

broken fan-shaped texture, has been observed. If the SmC phase is formed directly 

from a nematic phase, a striated texture is usually observed directly below the N-

SmC transition. 

  

     

 

Figure 1.7 Molecular geometry and bâtonnet texture of the smectic C phase. 

 

1.3.2.2 Smectic F (SmF) and smectic I (SmI) phases 

In the smectic I (SmI) and smectic F (SmF) phases, the molecules are 

packed in hexagonal arrangement within the smectic planes and tilted with respect 

to the hexagonal lattice [66,67]. These phases have long range order of the tilt 

direction with a quasi two dimensional structures and poor correlation within the 

layers along with an extensive three dimensional bond orientational ordering. The 

difference between these two phases is that the tilt in SmI is perpendicular to the 

sides of hexagon, while the molecules in SmF tilt towards the corner of hexagon. 

The SmF phase exhibits striped fan shaped, schlieren, mosaic or broken focal 

conic fan textures while the SmI phase shows broken fan, mosaic and schlieren 

textures [50]. 

 

1.3.2.3 Tilted soft crystal (G, J, H and K) phases 

There is a great variety of smectic phases in addition to those described so 

far. The Crystal G and Crystal J phases are the phases normally obtained at 

temperatures lower than the SmF and SmI phases. The molecular arrangement 
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within this smectic phase possesses long range positional order and bond 

orientational order [68-70]. In these phases, the molecules are tilted with respect to 

the layer normal by ~ 25° to 30°. The local order is hexagonal which is distorted 

due to molecular tilt, with molecules having rotational freedom comparable to the 

untilted Crystal B phase. In the Crystal G phase the molecules cooperatively 

oscillates about their long axes and the local structure is herringbone or chevron 

packing with tilt towards the side of the hexagon. Crystal G phase has C centered 

monoclinic cell while Crystal J has a monoclinic cell.  Crystal J also differs in the 

direction of tilt from Crystal G phase. In the Crystal J, the molecules are tilted 

towards the apex of the hexagon.  

The Crystal H and K phases are tilted analogues of the crystal E phase. The 

molecules in the Crystal H (K) phase are tilted along the direction perpendicular to 

a side (towards a corner) of the underlying hexagonal structure.   

 

1.3.3 Chiral phases 

 

1.3.3.1 Cholesteric or chiral nematic (N*) phase 

The cholesteric (N*) [71-73] phase is typically composed of nematic 

mesogenic molecules containing a chiral center, which produces intermolecular 

forces that favor alignment between molecules at a slight angle to one another. 

This leads to the formation of a structure that can be visualized as a stack of very 

thin two-dimensional nematic-like layers with the director in each layer twisted 

with respect to those above and below it. Thus the directors actually form a 

continuous helical [74] pattern about the layer normal as shown in Figure 1.8. The 

helix may be right handed or left handed depending on the molecular 

conformation. An important characteristic of the cholesteric mesophase is the 

pitch (p), defined as the distance it takes for the director to rotate one full turn in 

the helix [75,76].  
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Figure 1.8 Molecular geometry of the cholesteric (N*) phase. 

 

A byproduct of the helical structure of this chiral nematic phase is its 

ability to selectively reflect light of wavelengths equal to the pitch length, so that a 

color will be reflected when the pitch is equal to the corresponding wavelength of 

light in the visible spectrum. Temperature dependence of the gradual change in 

director orientation between successive layers modifies the pitch length, resulting 

in an alteration of the wavelength of the reflected light. Optically inactive 

molecules or racemic mixtures of cholesteric molecules result in a cholesteric 

phase of infinite pitch i.e. a true nematic phase. 

 

1.3.3.2 Chiral Smectic A (SmA*) phase: paraelectric 

Liquid crystalline molecules having a chiral carbon atom as the linkage 

between the rigid mesogenic core and terminal alkyl chain may exhibit 

paraelectric behavior in the chiral smectic A (SmA*) phase. In this phase, the 

molecules are packed into layers with their axis set vertically and the molecules 

rotate in a liquid-like fashion around the molecular axis [77-79]. As the molecules 

are asymmetrically distributed, there is no transverse polarization. Therefore the 

SmA* phase is apolar in spite of the presence of chiral molecules. Generally 

paraelectric phase occurs in the high temperature region with respect to the 
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ferroelectric phase. The paraelectric to ferroelectric phase transition is observed 

between the SmA*-SmC* phase transition.  

 

1.3.3.3 Chiral smectic (SmC*) phase: ferroelectric 

  Chirality has important consequences on the macroscopic arrangement of 

the liquid crystal molecules and their mesomorphic behavior. In the SmC phase 

composed of chiral molecules, a helical structure is formed by the precession of 

the director n around the layer normal [80-84]. The azimuthal tilt directions 

changes gradually by a small amount when going from one layer to another layer. 

The helical pitch can be in the range from the wavelength of visible light to 

arbitrary large values. Due to the helical structure the medium become optically 

active, i.e. it will strongly rotate the polarization plane of linearly polarized light 

passing through the medium along the helix axis [80]. Presence of chiral 

molecules also leads to the appearance of the spontaneous polarization, directed 

perpendicular to the tilt plane in each layer of the SmC* phase. The magnitude of 

the polarization depend on temperature and decreases as the tilt angle goes to zero 

at the SmC*-SmA* phase transition.  Due to the steric coupling between the 

director and spontaneous polarization (Ps), the helical director configuration will 

lead to a cancellation of polarization in bulk samples, but in specific geometries 

(switched between two stable states) the helix may be suppressed and then the 

SmC* liquid crystal exhibits a macroscopic spontaneous polarization [85-90]. In 

the 1980, Clark and Lagerwall succeeded in demonstrating the first helix-free 

ferroelectric liquid crystal in ultra thin thickness of ferroelectric liquid crystal 

(FLC) materials between two glass plates without applied external field i.e. in the 

so called surface-stabilized ferroelectric liquid crystal (SSFLC) geometry [87].  In 

the surface stabilized configuration of the SmC* phase, the molecules can switch 

between two bi-stable state by alternating the sign of an applied electric field 

above the threshold field as shown in Figure 1.9(a-c). The switching between bi-

stable state is always much faster than the intrinsic elasticity controlled relaxation 

of a nematic, and therefore, SSFLC devices can operate much faster [86] than non-

ferroelectric liquid crystal devices.  
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                (a)E=0         (b)E(+)        (c)E(-) 

 

Figure 1.9(a-c) Molecular geometry of the chiral smectic C (SmC*) phase: (a) 

without applying any external electric field (b) with an applied electric field E (c) 

with an applied electric field E of opposite polarity. 

 

The members of the smectic C* family of phases are as follows (listed in 

order of increasing temperature) [91-93] : 

 

SmC* - SmC* - SmC* - SmCα* 

 

All the phases are helicoidal and the helix in these phases is a consequence of 

chirality except SmCα* phase. According to Cepic and Zeks [94], SmCα* features 

an extremely short twist generated by non-chiral interactions and the chirality only 

sets the sense of the twisting. The SmC*  and SmC* both have extremely long 

helical pitch lengths, which gives them a quasi-homeotropic texture under the 

polarizing microscope and looks very similar to that of a SmC* or SmCA* phase 

exhibiting a helix inversion. 

  The SmCα*, SmC* and SmC* are known as ferrielectric phase represents 

a different order in between ferro- and antiferroelectric phase. The ferrielectric 

phase generates a spontaneous polarization that depends upon the degree of 

alternation of tilt directions. Figure 1.10 illustrate the structures of the five 

different phases of the smectic C* family predicted by the clock model of Cepic 

and Zeks [94].  
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           SmCSmC               SmCSmCSmC

        no unit cell     1-layer unit    4-layer unit     3-layer unit      2-layer unit 

 

 

Figure 1.10  Molecular geometry of the SmC* sub phases according to clock 

model predicted by Cepic and Zeks [94]. 

 

In Figure 1.10, the darker molecules are below the lighter ones. Except for SmCα* 

phase, each phase can be considered to possess a unit cell containing distinct 

number of layers. This unit cell is repeated throughout the sample and a 

macroscopic helix due to the chiral interlayer interactions is then superimposed. 

Dielectric spectroscopy is a very useful technique for studying the sub phases of 
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SmC* phase, since the occurrence of a spontaneous polarization significantly 

contribute to the dielectric permittivity of the sample. 

 

1.3.3.4 Chiral smectic (SmCA*) phase: anti-ferroelectric 

In 1989, the antiferroelectric chiral smectic C phase (SmCA*) was first 

discovered in MHPOBC [95].  In the antiferroelectric phase, the tilt direction 

alternates from layer to layer. Like SmC* phase, the helix in SmCA* phase can be 

expelled by surface interactions and aligned in the so called surface stabilized 

ferroelectric liquid crystals [96-100]. In this phase in addition to the ground state 

(anti-ferroelectric) two opposite ferroelectric states are accessible by applying an 

electric field with strength above the threshold voltage [101-103]. It is interesting 

to note that in liquid crystals the antiferroelectric SmCA* phase is observed at a 

temperature lower than that of the ferroelectric SmC*, while in solid state 

materials a reverse trend is observed. The antiferroelectric materials are notorious 

to align. This misalignment problem can be overcome in special types of 

antiferroelectric liquid crystals with a 45o tilt angle – the orthoconic liquid crystals. 

The orthoconic state is uniaxial with the optic axis perpendicular to the tilt plane. 

The director tilt of  ±45◦ makes the directors in adjacent smectic layers mutually 

orthogonal with a right-angled smectic cone where the optic axis is orthogonal to 

the cone axis. Due to this unique property an extinction state between crossed 

polarizers is observed regardless how the layer normal points.  Moreover, it is to 

be noted that conventional SmC* liquid crystals with 45o tilt angle do not belong 

to the class of orthoconic materials as there is no third (orthoconic) state.  

 

1.3.4 Frustrated polar phases 

 

1.3.4.1 Blue phases 

              Blue phases [104-106] possess self-assembled three-dimensional cubic 

defect structures that exist over narrow temperature ranges in between the 

isotropic liquid and cholesteric phase. The characteristic period of these defects is 

of the order of the wavelength of visible light, as a result they give rise to vivid 
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spectacular reflections that are controllable with external fields. Blue phase has 

orientational molecular order and optically isotropic properties because of its 

complex structure. Three different thermodynamically stable blue phases have 

been distinguished: BP III, BP II and BP I, observed on cooling from the isotropic 

phase to the N* phase [107]. BP III is amorphous with a local cubic lattice 

structure in the director field, whereas BP II and BP I have a three-dimensional 

periodic structure in the director field with simple cubic and body-centred cubic 

symmetry, respectively and are shown in Figure 1.11(a-c). Due to the very fast 

switching times and the savings made on the orientation layer and associated 

manufacturing processes, the blue phase is potentially attractive for liquid crystal 

display devices. Blue phase is unaffected by external pressure and have very low 

viewing angle dependence. Polymer stabilization of the blue phase expands its 

narrow temperature range from 3 K to 100 K [106]. 

 

 

(a) 

Figure 1.11(a) Molecular geometry of the blue phase I (BPI). 
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(b) 

 

 

(c) 

Figure 1.11(b-c) Molecular geometry of (b) blue phase II (BPII) and (c) blue 

phase III (BPIII). 

 

1.3.4.2 Twist grain boundary liquid crystals 

 Twist grain boundary (TGB) phase is special kind of frustrated chiral 

smectic phase. The TGB phase usually appear in the temperature range between 

cholesteric (N*) with short pitch and a smectic phase typically SmA* or SmC* 

[108,109]. The competition between the tendency to form a helical director field in 

the cholesteric phase and a layered structure in the smectic phase, results in a 

frustrated structure containing a regular lattice of grain boundaries which in turn 

consists of lattice screw dislocations. This phenomenon has analogy with the 
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Abrikosov flux lattice phase of a type II superconductor in an external magnetic 

field [111]. The TGB helix axis is perpendicular to the local director, which 

illustrates the close relationship between the layers of twist grain boundary phases. 

For pure liquid crystalline compounds, the temperature region of the phase 

existence is rather small, of the order of 1K, while in mixtures, the range of 

existence can sometimes be greatly enhanced. Several TGB phases such as TGBA, 

TGBC, TGBC*, TGB2q, MGB etc. have been experimentally observed. Goodby et 

al. [112,113] discovered  the twist grain boundary smectic A (TGBA) phase in 

1989. Grains with a local SmA* layer structure are separated by regular arrays of 

screw dislocations, which can be realized by splay deformations in the director 

field and whose direction is parallel to the Burgers vector [114]. The molecules are 

arranged in layers with their long axis perpendicular to the layer plane. Due to the 

rotation of the different blocks of the layers about the normal to the long axis of 

the molecules, a helical structure is formed with the axis of the helix parallel to the 

layer plane, as depicted in Figure 1.12. TGBA phase often shows blurred fan-

shaped textures [50], which cannot be clearly focused. 

 

 

 

Figure 1.12 Molecular geometry of the twist grain boundary smectic A (TGBA) 

phase. 
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1.4 Discotic liquid crystals 

The liquid crystals, discussed so far are composed of rod-like molecules. 

Disc-like molecules also show mesogenity and are called discotic liquid crystals, 

first synthesized by Chandrasekhar et al. [115] in 1977. Discotic liquid crystal 

phases are classified into three different categories: discotic nematic, discotic 

chiral nematic and columnar [116-119]. The discotic nematic is similar in structure 

to the calamitic nematic, where the short axes of the molecules tend to lie parallel 

to each other. Similar analogy is found between the chiral nematics and discotic 

chiral nematic phases. Columnar discotic phases are the equivalent of the smectic 

phases found in calmatics. The arrangement of the molecules within the columns 

and the arrangement of the columns themselves in two-dimensional crystalline 

array lead to a new mesophases (Figure 1.13(a-b)). A tilt of the molecules with 

respect to the column axis is a common feature in these mesophases. Different 

type of lattice structures have also been identified  such as hexagonal, rectangular 

and oblique. Significant research work have been performed in the last decades 

[119,120] on discotic liquid crystalline materials.  

 

 

              

   (a)     (b) 

 

Figure 1.13 Molecular structure of discotic mesogens: (a) columnar and (b) disc 

like. 
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1.5 Polymeric liquid crystals 

Polymeric liquid crystals are a relatively unique class of partially 

crystalline aromatic polyesters based on p-hydroxybenzoic acid and related 

monomers. The basic monomer units are low molecular weight mesogens with 

rod-like or disc-like molecules, which are attached to the polymer backbone in the 

main chain, or as side groups (Figure 1.14) [121-126]. The nature of the 

mesophase depends on the backbone, mesogenic unit and spacers. Liquid 

crystalline polymers may be crosslinked to each other to form a network that 

retains the liquid crystalline feature and are capable of forming regions of highly 

ordered structure in the liquid phase. They have outstanding mechanical properties 

at high temperatures, excellent chemical resistance, inherent flame retardancy and 

good weather ability [126].  

 

Main chain polymer liquid crystals 

   

 

Side chain polymer liquid crystals 

 

 

Figure 1.14 Molecular structure of the polymer liquid crystals. 
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1.6 Bent-core liquid crystals 

In 1996, Niori et al. [127] reported ferroelectric behaviour in a smectic 

phase formed by „banana-shaped‟ non-chiral molecules (Figure 1.15). Observation 

of antiferroelectric switching properties in such materials followed almost 

immediately. Banana shaped liquid crystal is similar to calamitic LCs [128-133], 

but contains a molecular kink.  

 

 

 

Figure 1.15 Molecular structure of the bent-core liquid crystals. 

 

They have an elongated shape, with the molecular length being 

significantly larger than the molecular breadth. Due to their bent shape, the 

molecules are preferably packed in layers. The lateral correlation of the molecular 

dipoles yields a polar order within the layers, which can be switched on applying 

an electric field. If the molecules are tilted within the layers, a combination of tilt 

direction and polar vector can give rise to layer chirality although the molecules 

are not optically active themselves [128]. Depending on the order of discovery 

these mesophases have been given the nomenclature of B1-B7.  

 

1.7 Unconventional liquid crystals 

Recently, much attention has been focused on the intermolecular 

interactions of unconventional supra-molecular liquid crystals with well-designed 

systems, i.e. oligomers [134], dendrimers [135], plasmids [136], polycatenar 

[137], metalomesogens [138], charge-transfer systems [139] and hydrogen-bonded 
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[140] systems. The self-assembly of relatively simple building blocks of liquid 

crystals into complex ordered structures is a subject of increasing research interest 

for the fundamental understanding of soft-matter self-organization. Dimeric liquid 

crystals are attractive because they exhibit different properties from the 

corresponding low-molecular mass mesogens. Liquid-crystal trimers and tetramers 

have also been reported. Nonlinear molecular shapes in which one mesogenic unit 

is connected at a lateral site produce -shaped, U-shaped and T-shaped liquid 

crystals as illustrated in Figure 1.16 [141].  

 

 

 

Figure 1.16 Molecular structures of the supra-molecular liquid crystals. 
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Supermolecular assemblies with well-defined morphologies are 

fundamental components for structure formation in biological systems, as well as 

for production of novel functional materials. Many other interesting liquid crystal 

phases have also been reported like bola-amphiphilic, re-entrant, induced smectic 

etc. Of late, the twist-bend nematic phase [142,143], a unique type of nematic 

ground state of achiral molecules, exhibiting layer-free, helical liquid crystal 

ordering of nanoscale pitch has been structurally identified and characterized. 

Nanotemplating and nanoparticle organization using liquid crystals have opened 

up new and exciting lines of research [144-146].  

  

1.8 Liquid crystal mixtures   

To meet the specific demands of the electro-optic display devices, mixtures 

of pure compounds are often used where the composition of the individual 

components are adjusted so that better materials may be produced for display 

applications [15,16]. The two most important requirements for a liquid crystal to 

be used in a display device are a suitable temperature range of phase stability and 

appropriate physical properties. For complex displays these requirements cannot 

be satisfied by a single compound, and commercial display materials may contain 

up to twenty different liquid crystalline components [38]. The formulation of these 

mixtures is essentially an empirical process, but guided by the results of 

thermodynamics and experience. The principles behind the preparation of 

multicomponent mixtures can be illustrated initially by considering the 

formulation of a binary mixture [15]. However, care should be taken to avoid the 

formation of intermolecular complexes. 

 The most general approach to systematically tailor the liquid crystal 

materials for specific applications is the formulation of optimized mixtures 

consisting of several mesogenic compounds and non-mesogenic additives [147-

150]. Typically such mixtures can be designed to have a large thermally stable 

liquid crystalline range, together with optimized values for mesomorphic 

properties (the rotational viscosity, dielectric anisotropy and elastic constants etc).  
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 The major display technologies using Twisted Nematic (TN), Super 

Twisted Nematic (STN), Thin Film Transistor Twisted Nematic (TFT-TN) 

configurations requires liquid crystals having a positive dielectric anisotropy 

whereas Vertically Aligned (VA) mode technology requires mixtures having a 

negative dielectric anisotropy [15]. The other requirements of physical parameters 

are high birefringence, low threshold voltage, low viscosity for short response 

times, low elastic constant and high dielectric anisotropy [40,44]. Many materials 

have been developed to improve the electro optical behaviour of these displays, 

particularly using fluoro-substituted and isothiocyanated mesogens to provide the 

required dielectric constants necessary to optimize the operation of these displays 

[15,40]. Moreover, liquid crystal mixtures, used in surface-stabilized ferroelectric 

liquid crystal (SSFLC) exhibit a fast response (of the order of microseconds), wide 

viewing angle and bi-stable memory capability [63,85,86]. However, the zig-zag 

defects tend to deteriorate the electro-optic properties of the devices, while the 

mechanical and shock-sensitive FLC alignment and residual DC voltage would 

cause concerns for long-term stability. Antiferroelectric liquid crystals might also 

be used for reflective type liquid crystal devices in which the device is actively 

illuminated from the viewing direction or passively illuminated by ambient light 

[95,97]. AFLC is an attractive option when considering low power consumption 

applications such as mobile phones, electronic books and other portable display 

devices. It is anticipated that use of an orthoconic liquid crystal material with tilt 

angle around 45° will significantly improve the contrast display devices [102,103].  

 Practical SSFLCDs require eutectic mixtures of optically active chiral 

smectic C* materials with a low melting point and a high smectic C* transition 

temperature, 22.5o tilt angle (for good optical contrast). All the mixture 

components should be chemically, thermally, photo and electrochemically stable 

and the resultant induced spontaneous polarization of the mixture should also be 

not too large to avoid space charge effects (“ghost effects”) [85]. For such type of 

mixture formulation, two classes of dopant: chiral and achiral are used. Chiral 

dopants allow to consider the effect of chirality as well as steric effects, while 

achiral dopants allow to take into account only at the steric effects of a dopant 
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[150]. For the ferroelectric mixtures it is essential to mix smectic C* compounds 

with the same sign of spontaneous polarization, but opposing signs of pitch, so 

that the spontaneous polarization values are additive and the pitch values are 

compensated [150]. As a result the pitches in SSFLCDs are suppressed and 

switching time becomes faster. Both the spontaneous polarization and the pitch 

depend on the polar character of the substituent at the chiral center and the 

position of the chiral center in the terminal chain, which permit a large degree of 

synthetic freedom and flexibility. However, an achiral smectic C material with a 

low viscosity, high smectic C transition temperature, large dielectric anisotropy 

and low melting point are doped with optically active chiral dopant with a very 

high value of spontaneous polarization to produce a mixture with a chiral smectic 

C∗ phase with the desired values of the relevant physical properties. Although 

mixed systems show properties which are predictable from the theory of ideal 

solutions, in some cases a strong non-additive behavior is also observed [150]. 

 Sometimes liquid crystalline phases existing in pure compounds enhanced 

their thermal stability in mixtures and new phases of higher order may be 

produced. Intermolecular attractive forces such as Van der Waals forces, hydrogen 

bonds, electron-donor interactions and intermolecular repulsion (steric forces) 

influence the situation of molecules in the mesophase [150]. Each of those forces, 

separately or together, may be responsible for increasing or decreasing the stability 

of liquid crystalline phases or for creating new phases [151-153]. Study of the 

physical and structural properties of liquid crystalline mixtures provide a better 

understanding of the local structure as well as the nature of the phase transitions 

[147,151] in such a system. 
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