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1.1 Liquid Crystal 

 

   Substances often encountered in everyday experiences typically pass 

through a direct transition from three dimensionally ordered crystalline 

solids to isotropic liquids. The solid state possesses long range positional 

and orientational ordering whereas none of these ordering sustains in 

liquid phase. However, there are many organic materials for which there 

exist one or more intermediate phases between solid and liquid states, 

known as ‘mesophases’: a word originated from the Greek word ‘meso’, 

meaning ‘in between’[1]. These mesophases are characterized by certain 

properties of both of a conventional liquid like fluidity and of a 

conventional solid crystal like dielectric anisotropy and are known as 

Liquid Crystals (LC) [2,3]. This intermediate phase was first discovered 

by the Austrian botanist, Friedrich Reinitzer in 1888 [4].  In liquid 

crystalline phase the substances exhibit orientational order and in 

addition to it sometimes even partial positional order.  A number of 

books and monograohs on liquid crystals, constituent molecules, 

structures of various liquid crystalline phases, their numerous interesting 

properties and applications are now available[1–3,5–9], only the salient 

features, relevant to the present dissertation, will be discussed below in 

brief.   

   Liquid crystals can be classified in two categories on the basis of their 

mode of phase transition.  Liquid crystals whose mesophase formation is 

temperature dependent are called thermotropic liquid crystals and those 

whose phase formation depends on the concentration of a suitable solvent 

are called lyotropic liquid crystals. As this dissertation has focused only 

on thermotropic liquid crystals, any farther discussions on lyotropic 

liquid crystals will be beyond the scope of this work.  
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   Liquid crystals are also classified in three main groups, namely 

nematic, cholesteric, and smectic, on the basis of their structure as 

proposed by Friedel in 1922 [1,2,10]. 

   Nematic phase arises just below the isotropic phase. It has only 

orientational ordering around the long molecular axis but the centres of 

masses of the molecules are isotropically distributed in three dimensions.      

   Cholesteric phase is very similar to nematic phase in local scale, but on 

a larger scale the cholesteric director follows a helix. This phase is 

observed only in chiral compounds or in mixture of achiral and chiral 

compounds. 

   The smectic phase, which often arises on cooling from nematic phase, 

has partial positional order in addition to orientational order, as the centre 

of mass of the molecules are arranged in layers. Depending on the nature 

of orientation and extent of translational order within the layers, smectic 

phase can be divided in several sub-groups as follows: 

 

1.1.1 Smectic A phase     

 

   In Smectic A (SmA) phase the director of the molecules are 

perpendicular to the smectic layer. There can be different types of 

smectic layer arrangements in this phase.  When the smectic layer 

spacing (d) is approximately equal to the molecular length (l), it’s called 

monolayer smectic A phase (SmA1). If the layer spacing is approximately 

double of the molecular length, it is called bilayer phase (SmA2) and 

when there are intermediate molecular arrangements i.e. for which l ˂ d ˂ 

2l, the phase is known as partially bilayer smectic (SmAd) [1]. 

Sometimes even in SmA phase the molecules are found to be tilted but 

tilted directions in this case are randomly oriented in azimuthal angles 
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along a diffused cone.This type of SmA phase are called de Vries type 

SmA phase, for which d is found to be less than l [11]. 

 

1.1.2 Smectic C Phase    

    

   In Smectic C (SmC) phase the director of the molecules are tilted with 

respect to the smectic layer normal.  As the molecules are tilted in this 

phase, so the smectic layer spacing is always less than the molecular 

length and it increase with increasing temperature.   

   A schematic diagram of the molecular distributions in nematic, smectic 

A and smectic C phases is given in figure 1.1. 

 

Figure 1.1: Molecular configuration of nematic, smectic A and smectic C 

phases. Adapted after ref [12] 

 

1.1.3 Hexatic smectic phases 

  

  In some smectic phases the centre of mass of the molecules are arranged 

in a hexagonal manner within the smectic layers. However, this type of 

positional ordering within the layer, called bond orientation ordering, are 

short ranged because of insertion of defects. If the molecular director of 

the hexatic phase is orthogonal to the smectic layer, it is called Smectic B 

(SmB) phase. There can also be two kind of tilted hexatic phase. If the 

molecules are tilted towards the apex of the hexagon, it’s called smectic I 



Chapter I 

5 
 

(SmI) phase and if they are tilted towards the sides of the hexagon, they 

are called Smectic F (SmF) phase.  

Apart from these, there can be soft crystal phases like soft crystal B, J, G, 

F, K, H phases. B, J and G soft crystal phases are similar to SmB, SmI 

and SmF phases, only with additional long range positional order. E 

phase is another orthogonal hexatic soft crystal phase with herringbone 

structure. The corresponding tilted phase is called K phase. H phase is yet 

another tilted soft crystal phase corresponding to SmG phase but with 

additional herringbone structure. The structural relationship of these 

phase are show in table 1.1. 

 

Table 1.1: Structural relationship of smectic phases [This table is adapted 

from ref [5]] 

Fluid smectic 
Stacked 

hexatic 

3-D ordered 

smectic 

(pseudo 

hexagonal ) 

3-D ordered 

smectic 

(herringbone) 

Tilt 

SmA SmB B E Orthogonal 

SmC 

SmF G H 
Tilted towards 

face of hexagon 

SmI J K 
Tilted towards 

apex of hexagon 

 

   From the existing knowledge, the phase sequence of the liquid 

crystalline phases in a hypothetical liquid crystal with an increase of 

temperature is shown below [1]:   

Crystal→H→K→E→G→J→B→SmF→SmI→SmB→SmC→SmA→N

→ Isotropic. 

   No liquid crystalline substance is found to exhibit all the above phases. 
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1.2 Chirality in liquid crystal    

 

   Any structure that lacks mirror symmetry is called chiral in nature. 

Chirality may be induced in liquid crystals by incorporating chirality 

within the molecules by inserting one or more carbon atoms 

asymmetrically bounded with four distinct groups or by doping chiral 

mesogenic or nonmesogenic compounds in some non chiral liquid crystal 

[6,7,9,13–16].  

Usually the chiral phases are distinguished by an asterisk “*” followed by 

the phase symbol. 

 

1.2.1 Chiral nematic phase  

    

   The chiral version of nematic phase, also called cholesteric phase (N*), 

possesses only orientational ordering just like achiral counterpart. But, in 

addition it shows a spontaneous macroscopic helical structure about an 

axis perpendicular to the local director. 

 

1.2.2 Chiral smectic phases 

    

   Introduction of chirality in smectic compounds have far reaching 

effects on their phase behaviour and physical properties. It made possible 

to integrate novel properties of solid polar dielectric materials, like 

ferroelectricity, antiferroeletricity, pyroelectricity etc. with the flow 

characteristics of liquids.  
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1.2.2.1 Ferroelectric liquid crystal (FLC) 

 

   Materials which may reveal spontaneous polarization (PS) even in the 

absence of external electric field and whose polarity can easily be 

reversed by application of an electric field are called ferroelectric 

materials. It is well known that ferroelectric materials must possess non-

centro symmetric structure. Though it is easy to realise non- centro 

symmetric space groups in solids, it’s difficult to imagine the same in 

fluid like materials. It was quite certain that isotropic liquids could not be 

ferroelectric. As a matter of fact most liquid crystals also fail to exhibit 

ferroelectricity as they possess inversion symmetry.  However, way back 

in 1974, Robert Mayer established by symmetry arguments that chiral 

smectic C phase (SmC*) can display ferroelectric properties. Though 

SmC phase has inversion symmetry, situation changes radically for 

SmC* phase. It is evident from figure 1.2 SmC phase has the following 

symmetries: 

i) A two-fold rotational symmetry around an axis perpendicular to 

the tilt, within the smectic layer.  

ii) An inversion symmetry about a mirror plane normal to the tilt 

and smectic layer. 

 

Figure 1.2: Symmetries in SmC and SmC* phases. Adapted after ref [14]  
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   Thus SmC phase exhibits C2h symmetry operation. But the mirror 

symmetry is removed in SmC* phase due to the chirality of the 

molecules and the symmetry reduces to C2 in this phase. Thus due to the 

non-centrosymmetric structure, SmC* phase may possess spontaneous 

polarization along the two-fold axis of rotation, in absence of external 

electric field. If an external electric field is applied then molecules rotate 

around a virtual cone with an angle twice of the tilt angle of the 

molecules and the direction of the spontaneous polarization and that of 

the molecular tilt are inverted as shown in figure 1.3.  

 

 

Figure 1.3:Bistable rotation of molecule in SmC* phase. Adapted after 

ref [6].  

 

   The corresponding response time for this molecular reorientation is in 

the range of sub-millisecond to microsecond, much faster than nematic 

materials. Moreover, it is necessary to apply an external field to change 

one switched state of polarization, which makes SmC* phase to be 

bistable [14,17,18] . Hence SmC* phase exhibits ferroelectric properties. 

Being optically active, the switching of molecules from one state to other 

under external electric field in SmC* phase is associated with a change in 
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the transmitted intensity of light. This specific electro-optic effect is the 

fundamental principle for the liquid crystal based display. 

However, the bulk material in SmC* phase doesn’t show any 

spontaneous polarization as a consequence of the helical molecular 

arrangement in this phase. In SmC* phase, though a constant molecular 

tilt angle is maintained throughout the sample, the directors rotates 

slowly from layer to layer forming a helical structure around the layer 

normal, as shown in figure 1.4. PS, being perpendicular to both layer 

normal and molecule, rotates similarly and cancels to zero over the 

distance of the pitch. The SmC* phase is therefore more correctly called 

helielectric.  

 

Figure 1.4: Helical structure in SmC* phase. Adapted after ref  [19] 

   Thus to exploit the ferroelectric property in bulk SmC* phase the helix 

has to be broken.  In 1980 Clark and Lagerwall presented the idea of 

unwinding the helix by pinning the molecules via surface interaction[18]. 
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The first FLC display device reported by them is known as surface 

stabilized ferroelectric liquid crystal (SSFLC) display.  

   Apart from this, the chiral tilted hexatic phases SmI* and SmF* also 

show ferroelectric properties like SmC*. These phases also exhibit 

macroscopic spontaneous polarization in sufficiently thin cell [1,20,21].  

 

1.2.2.2 Antiferroelectric liquid crystal (SmC*A) 

 

   Like SmC* phase, in antiferroelectric SmC*A phase also the molecules 

are arranged in layers with a finite tilt with the layer normal, but the tilt 

director changes sign from one layer to the adjacent layer.  Thus SmC*A 

has anticlinic structure (figure 1.5) unlike SmC* phase, which has 

synclinic structure.  Therefore in the helical superstructure of 

antiferroelectric SmC*A phase, PS points in opposite directions in 

adjacent layers, making PS zero even in microscopic level.  The 

antiferroelectric liquid crystal phase has ‘ tristable switching’ under an 

applied electric field: (a) the anticlinic antiferroelectric state (b) the 

synclinic ferroelectric state with +ve PS and (c) the synclinic ferroelectric 

state with -ve PS. Antiferroelectric liquid crystals can be utilised to design 

high resolution displays, for its inherent natural grey scale. 

 

 

 

Figure 1.5: Helical structure in SmC*A phase. Adapted after ref [1] 
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1.2.2.3 SmC* subphases (SmC*α, SmC*β, SmC*γ) 

 

   Apart from SmC*A phase, several subphases have also been reported.  

These sub phases can be distinguished by the number of layers and their 

orientations in unit cell.  For example, the SmC*β and SmC*γ phases 

have four and three layers in their unit cells respectively, as can be seen 

in figure 1.6. They may appear in between SmC* and SmC*A phase 

within a small temperature range (1-2K). SmC*α possess an 

incommensurate structure and may appear in between SmA* and SmC* 

phase.  

 

Figure 1.6: Nonhelical local model of chiral smectic phases Adapted after 

ref [1] 

 

1.2.2.4 Paraelectric liquid crystal (SmA*) 

 

   SmA* phase is an orthogonal phase where the molecules are parallel to 

the smectic layer normal. There is no helical superstructure in this phase 
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and the spontaneous polarization is zero in this phase. Without any 

presence of external electric field it’s difficult to distinguish between the 

chiral SmA* and nonchiral SmA phase. However, in some compounds 

having SmA* phase, an electric field, applied in a direction parallel to the 

layer of SmA* phase, may induce a tilt of the molecular axis 

perpendicular to the field. This is known as electroclinic effect [22–25]. 

 

   In classical SmA* phases, due to the emergence of finite molecular tilt 

at SmA* to SmC* transition, a layer shrinkage can be observed in the 

said transition under cooling. This layer contraction along with the 

surface anchoring effects leads to ‘zig-zag’ defect in the optical texture, 

degrading the quality of the device. To avoid such defect, materials with 

minimum or zero layer contractions are required. There are few such 

materials known as de Vries type materials. In these type of material the 

molecules are tilted even in SmA* phase but the tilted directors are 

randomly oriented in azimuthal angles along a diffused cone. After 

entering in SmC* phase the tilt director become ordered, azimuthal 

degeneracy is lifted and macroscopic tilt can be observed without any 

layer shrinkage [11,26,27]. 

 

1.3 Applications of  liquid crystals 

 

   Due to their unique optical, dielectric or elastic behaviour, liquid 

crystals have a variety of technical and scientific applications like spatial 

light modulator, tuneable colour filters, telecommunication switching, 

optical computing etc [28–34]. Liquid crystals can also potentially be 

used as new functional materials for electron, ion, molecular transporting, 

sensory, catalytic, optical and bio-active materials [35]. However, owing 
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to their strong sensitivity towards electric and magnetic field along with 

their fluid nature and optical activity liquid crystals have dominantly 

been used for display applications. Liquid crystal displays (LCD) have 

almost completely replaced cathode ray display (CRD) for their higher 

energy efficiency, low volume, wider range of screen size, safe 

disposability etc.[36–39]. Though most of the liquid crystal devices 

discussed above are based on achiral nematic liquid crystals, but after the 

introduction of chirality in liquid crystals, chiral liquid crystals have 

drawn the attention of most researchers not only for the induction of 

various new phases with distinctive structures (N*, SmA*, SmC*, 

SmCA* etc, as discussed before) but also for their superior and exclusive 

electro-optic properties which are promising for advanced display 

applications.          

SmC* phase which exhibits ferroelectric properties like spontaneous 

polarization can be used for very fast display devices as it shows much 

sharper (in µs range) response to electric field compared to achiral 

nematics (ms range). Because of inherent bistability of SmC* phase, as 

discussed before, nearly no power is needed to maintain an image in 

ferroelectric liquid crystal device (FLCD). In fact, because of fast 

response time, wide viewing angle and V-shape switching characteristics, 

the FLC based displays are potentially much more advantageous 

compared to nematic based displays. High resolution fast FLCD may also 

be used for field sequential colour (FSC) microdisplays, which are one of 

the most superior technology for pico-projectors now a days.  The 

switchable goggles and lenses based on FLCs can very effectively be 

used for modern switchable 2D/3D TVs.  Apart from displays, liquid 

crystals having SmC* phase can also be utilised to design memory 

devices, for its bistability  [9,15,40]. 
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   SmC*A phase which shows anti ferroelectric characteristics are 

attractive for their trisatable switching behaviour and can also be used to 

design anti ferroelectric liquid crystal display (AFLCD). For their easy dc 

compensation, sharp response time in microsecond range, hemispherical 

viewing angle (in-plane switching geometry), intrinsic analog gray-scale 

capability, and  lack of ghost effect AFLCD can also be a superior 

replacement of NLCDs  [41]. Orthoconic AFLC with 45° tilt, can be used 

to design display devices to get rid of the problem of poor alignment and 

leakage of light in dark state [42]. de Vries type SmA* phase with almost 

zero layer contraction and high electronilic effect can be used to design 

fast display devices free from ‘zig-zag’ defects which arise due to 

bulking of layers [27,43].  

 

1.4 Importance of chiral systems with Biphenyl Benzoate 
core 

   The immense possibility of using chiral liquid crystals in different 

useful applications has already been discussed. However, still they have 

some issues at various levels. For example, display operation requires a 

chemically and photo-chemically stable liquid crystal with wide 

temperature range around room temperature. Along with that various 

characteristics like response time, tilt angle, rotational viscosity, 

spontaneous polarization etc. are needed to be optimised in accordance to 

the requirements of the device. Keeping those in mind there is a constant 

strive to design and study new liquid crystal materials, which can be 

suitable for application purpose.  

   Molecules of liquid crystals generally have two or more benzene 

groups linked by intermediate groups. This builds the rigid core of the 

molecule.  Usually long chain end groups (mostly alkyl groups) are 
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attached with the core. They can be directly linked with the benzene ring, 

or by an intermediate ether or ester [5]. 

   In application level, the inferior chemical and photochemical stabilities 

and natural strong colours of liquid crystals have been a difficulty. The 

origin of the problem is related with the intermediate linking groups 

between benzene rings of the core, which is the weakest part of the 

molecule as a whole.  The poor chemical stability and colouration of 

liquid crystals can be overcome by removing the linking group, which 

results a stable and colourless biphenyl based liquid crystal [5]. So 

currently, different LCs having biphenyl based mesogenic core have been 

widely investigated. LCs lacking a linkage group between two benzene 

units in their core exhibit the following distinctive characteristics, which 

can potentially be handy from application perspective.  

 Liquid crystals having biphenyl core have very high thermal, 

chemical, and UV stability [44].  

 They have appropriately low viscosity, fast response, and low 

driving voltage[45–48]. 

 Their alkoxy derivates can potentially have an  large birefringence 

which will be beneficial to their optical performances [49]. 

   Besides there are existing nematic esters which are widely recognized 

for its stability and colourlessness. So it was tried to fit in ester based 

structure with the biphenyl core. The introduction of a third benzene ring, 

linked with the biphenyl core with an ester group results a biphenyl 

benzoate core. Chiral liquid crystals having biphenyl benzoate core are 

found to have higher thermal stability, often with wide range low 

temperature ferroelectric and antiferroelectric phases. Besides, due to 

inherent angle in ester group, the biphenyl benzoate core results in highly 

tilted ferroelectric and antiferroelectric liquid crystals with high 

spontaneous polarization, which qualities are otherwise rare in chiral 
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liquid crystals. Quite a few biphenyl benzoate cored ferroelectric and 

antiferroelectric liquid crystals were reported to have tilt angle as high as 

~45° which can be utilized to design displays with perfect dark state, 

excellent contrast ratio and wide viewing angle. [50–54]. 

   Apart from that due to their the smaller size and higher strength of C-F 

bonds, chiral liquid crystals with fluorinated chain exhibit enhanced 

spontaneous polarization, higher dielectric anisotropy, lower optical 

anisotropy etc. which can again be useful from application 

perspective[55–57]. 

   Keeping all these in mind eight ferroelectric liquid crystal compounds 

(1F3R, 2F3R, 3F3R, 5F3R, 6F3R, 4F4R, 4F5R and 7F3R) with 

biphenyl benzoate core and fluorinated chains have been selected for 

investigation in the present dissertation employing various experimental 

techniques.   

 

1.5 List of the compounds selected for investigation 

 

   The code names, molecular structures and chemical names of the 

compounds studied in this dissertation are listed below. These 

compounds were synthesized by Ziobro et. al [50] and obtained from 

them and used without any further purification. 
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1. Code name 1F3R 

 

(S)-(+)-4/-[(3-trifluoroetanoyloxy)prop-1-oxy] biphenyl-4-yl 4-(1-

methyl- heptyloxy)benzoate. 

 

2. Code name 2F3R 

 

 (S)-(+)-4/-[(3-pentafluoropropanoyloxy)prop-1-oxy]biphenyl-4-yl4-(1-

ethylheptyloxy ) -  benzoate. 

 

3. Code name 3F3R 

 

 (S)-(+)-4/-[(3-heptafluorobutanoyloxy) prop-1-oxy] biphenyl-4-yl 4-(1-

methylheptyloxy) benzoate. 
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4. Code name 4F4R 

 

(S)-(+)- 4/ - [(4 - nonafluoropentanoyloxy)but-1-oxy] biphenyl-4-yl 4-(1-

methylheptyloxy)-benzoate. 

 

 

     5. Code name 4F5R 

  

 (S)-(+)-4/-[(5-nonafluoro-pentanoyloxy)pent-1-oxy]biphenyl-4-yl4-(1-

methylheptyloxy)benzoate. 

 

6. Code name 5F3R 

 

 (S)-(+)-4/-[(3-undecafluorohexanoyloxy)prop-1-oxy]biphenyl-4-yl 4-(1-

methylheptyloxy)- benzoate. 
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7. Code name 6F3R 

 

 (S)-(+)-4/-[(3-tridecafluoroheptanoyloxy)prop-1-oxy]biphenyl-4-yl 4-(1-

methylheptyloxy) benzoate. 

 

8. Code name 7F3R 

 

(S) - (+) -4/-[(3-pentadecafluorooctanoyloxy) prop-1-oxy]biphenyl-4-yl 

4-(1-methylheptyl oxy)benzoate. 

 

   In the code name nFmR , n and m respectively stand for the number of 

C atoms in the perfluorinated chain and in the oligomethylene spacer. 

All compounds have same biphenyl benzoate core, one fluorinated and 

one protonated chain, chiral centre being at the protonated chain. Since in 

the synthesis paper the authors have used the term biphenyl-yl benzoate 

in the chemical names of the compounds, we have also used the term 

biphenyl-yl benzoate core molecules in the published papers. However, 

we used ‘biphenyl benzoate’ throughout this dissertation.  



Chapter I 

20 
 

   Apart from these pure compounds a room temperature ferroelectric 

liquid crystal mixture has been formulated using one of the compounds 

(7F3R) as a chiral dopant. 

 

1.6 Motivations and Objectives of the dissertation    

 

   The study of the phase behaviour of liquid crystal materials, which can 

typically have various mesophases within a short temperature range, may 

help us to comprehend the physics behind the different kind of phase 

transitions in such compounds.   The dielectric and electro-optic 

properties of these materials are of immense importance from application 

perspective. It’s essential to know the said parameters, to decide whether 

a LC compound is fit to be used in display devices or whether it can be 

used as a chiral dopant to formulate any chiral liquid crystal mixture or 

not. As described before, different LC phases have diverse structures 

which change with temperature. The structures also have great influence 

on their electro-optic properties. Thus the knowledge about the structural 

properties of LCs is also vital both from fundamental knowledge and 

utilitarian perspective [58]. 

   Keeping these in mind the main objective of this dissertation is set to 

characterize the selected liquid crystal compounds using different 

experimental techniques, mainly focusing on the identification of various 

mesophases, exploration of their dielectric and electro-optic behaviour. 

Structural investigation of the phases, by synchrotron X-ray diffraction, 

is also planned only for some of these compounds due to limited 

availability of synchrotron beam time. 

Since all the compounds, selected for investigation, have same back bone 

differing only by the number of carbons and the number of 

oligomethylene spacers in the fluorinated chain, efforts will be made to 
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inculcate a relationship of their phase behaviour and dielectric, electro-

optic, structural properties with change in their molecular structures. Also 

to see the efficacy of the compounds in formulating mixtures suitable for 

display applications, various properties of one multi-component mixture 

will be investigated. 
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