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Introduction: 

Liquid crystalline materials ~e generally organic compounds 

having physical properties intermediate between crystalline solids and 

isotropic liquids. The liquid crystalline phase was first observed in. 1888 by 

F. Reinitzer [1] and 0. Lehmann [2]. Friedel [3,4] suggested the term 

"mesomorphic phase" or "mesophase" to the liquid crystalline matter. At 

present several thousands of organic compounds are known to exhibit 

mesophases [5,6]. Few organo-metallic compounds [7,8] as well as some 

inorganic 'compounds [9] are also found to exhibit liquid crystalline 

properties. 

Liquid crystals are fluids in which there occur a certain order 

in the arrangement of the molecules. As a result there is anisotropy in the 

mechanical, electrical, magnetic and optical properties. Although liquid 

. crystals combine certain properties of a solid and an isotropic liquid, they 

exhibit very specific electro-optical magneto-optical phenomena. The 

molecules of the compound that shows mesophases are geometrically 

highly ahisotropic in shape, like a rod or a disc. In the crystalline solid the 

centre of mass of the molecules are located on· a three dimensional lattice 

while in the liquid state the three dimensional translational symmetry 

disappears and there only remains some s~ort range order between the 

centres of mass of the molecules. In the liquid crystalline state the three 

dimensional translational symmetry of the centres of mass of the molecules 

is partially or fully absent but some degree of orientational order of the 

molecules is still present. Some of the books and review articles on liquid 

crystals which give details regarding molecular structure and physical 

properties of the compound exhibiting mesophases are listed in the 
' . 

references [5, 6, 8, 13-20]. Recent developments in the field of liquid 



'•· 
' 

3 

crystals and applications are also available in the recent publications 

[21-25]. 

1. Classification of Liquid Crystals: 

Liquid crystals are broadly classified into two types, viz. 'Lyotropic' 

and ' Thermotropic'.· 

1.1 Lyotropic mesophase : 

Lyotropic liquid crystals are solutions of rod like molecules in a 

normally isotropic solvent [26-29]. In such mesophase the amount of the 

solvent is the most important variable. Soap solution in water is a common 

example of lyotropic. mesophase and its behaviour appears as a function of 

either concentration or temperature. The lyotropic mesophase is also 

exhibited by solution of deoxyribonucleic acid ; certain viruses in 

appropriate solvent (usually water) in suitable concentration. 

Although lyotropic liquid crystals play an important role in living 

systems and. are or' great biological interest [22], the present work IS 

restricted to the study of the thermotropic liquid ccystals only. 

1.2 Thermotropic mesophase: 

Thermotropic liquid crystals are those where. mesomorphic 

behaviour are exhibited due to the change of temperature. Thermotropic 

liquid crystals in which the mesophases are stable at temperatures above 

the melting point, both during heating and during cooling are. called 

enantiotropic. In certain cases the liquid crystalline state is stable only at 

temperatures below the melting point and can be obtained only during 

cooling of the compound, phases of this kind are called monotropic. Friedel 



"-J _,. 

4 

[30], from his detailed optical and X-ray studies subdivided the 

thermotropic liquid crystals into three types, viz. nematic, cholesteric and 

smectic. The thermotropic liquid crystals can also be classified according 

to the shape of the constituent molecules. Calami tic liquid crystals have rod 

like molecules, where as discotic liquid crystals have disc shaped · 

molecules. I shall confine myself to calamitic liquid crystals in the rest of 

this section 1.2. 

1.2a Ne.r,Iatic mesophase : 

The word nematic comes from the Greek word VT)J..La which means 

thread. When a thin layer of nematic liquid crystal is observed between 

crossed polarisers under a polarising microscope then a characteristic 

pattern known as texture, is observed. The textures of nematic liquid 

crystals are generally thread -like, hence the name nematic. Nematic liquid 

crystals are characterised by long-range orientational order of the 

molecules but they do not have long range translational order, thereby 

possessing fluid like behaviour. Although there is no long range correlation 

between the centres of mass of the molecules, but still it differs from 

isotropic liquid in that the molecules are, on an average, aligned with their 

long axes parallel to each other. Thus, in nematic liquid crystals a preferred 

direction known as the director denoted by n is defined whose direction in 

space is in general arbitrary. The. molecules in the nematic phase rotate 

about their long axes very fast ( ~ 10-11 sec) and hence the nematic phase can 

be assumed to be uniaxial. The axis of uniaxial symmetry has no polarity, 

i.e., n and -n are equivalent. Fig 1.1 shows the schematic diagram of 

molecular order of nematic and isotropic phase. Another characteristic <?f 

nematic phase is that the constituent molecules are identical to its mirror 
'. 
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Figure 1.1. Schematic representation of molecular order in the isotropic, 

·nematic and smectic phase. 
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image ( achiral) or the system may be considered as a racemic mixture of 

left- and right-handed species. X-ray studies [32,38,39] indicates that some 

nematics consists of clusters of molecules, called the cybotactic groups. In 

each cluster the molecular long axes are parallel to each other and the 

molecular centres are arranged in more or less well defmed layers: When 

the molecular long axes is normal to the layer then the phase is known as 

normal cybotactic nematic phase and if it is tilted with respect to the layer 

then the phase is known as skewed cybotactic nematic phase. The so called 

cybotactic groups may be thought of as smectic fluctuation in the nematic 

phase. Another type of nematic phase call the fibre type nematic [33] is 

also identified in some of the liquid crystalline compounds. In this type of 

mesophase there is one dimensional correlation of molecules along the 

director, n, thus leading to the existence of strings of molecules or fibres in 

the nematics. Furthermore, a biaxial modification of the nematic liquid 

crystals has. been discovered in certain polymeric liquid crystals [34] and 

lyotropic systems [35]. Figure 1.2 shows the schematic diagram of 

molecular order in different types of nematic liquid crystals. 

1.2b Cholesteric or Chiral nematic phase: 

The cholesteric liquid crystals are so called because many 

derivatives of cholesterol belong to this class of mesophase. The 

cholesteric mesophase is also a nematic type of liquid crystal except that it 

is composed of optically active molecules. As such they are also termed as 

chiral nematics [36-38]. The molecules of this class of mesophase have 

long range orientational order together with the spatial variation of the 

director leading to a helical structure. The helical structure (Fig 1.3) can be 

described by an intrinsic non-constant director. 
' 
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Figure. 1.2. Schematic representation showing molecular arrangements in 

nematics having three types of short range order. 
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nx = cos ( q0 Z +c) 

ny = sin (q0 z +c) 

nz=O 
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8 

The helix axis is taken parallel to the z-axis. The pitch of the helix may be 

defined as the linear distance along the helix axis in which the full rotation 

of the director n is completed. The pitch (p) is given by : 

However, n and -n are equivalent, the pitch in chiral nematics is given by : 

The sign of q0 distinguishes between left-handed and right-handed chiral 

nematics. When q0 = 0, then the pitch is infinite and it corresponds to 
I 

normal nematic phase. No liquid crystalline compounds are known to have 

· phase transition from nematic to chiral nematic phase, however the 

application of electric or magnetic field may cause phase transition from 

chiral to nematic. Moreover the addition of small amount of chiral 

compound to nematic compound changes a nematic phase i~to a long pitch 

chiral nematic phase. 

1.2c Smectic mesophase : 

Smectic liquid crystals have stratified structures and variety of 

molecular arrangement are possible within each stratification. Within the 

layer, the long axes of the molecules are parall~l to each other thereby 

exhibit orientational order as in the nematic phase. In addition to this the 

centre of the molecules are, on the average, arranged in equidistant planes 

showing one degree of translational order. In most smectic phases, the 

molecules are mobile in two directions and can rotate about one axis. The 
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Figure 1.3. Schematic representation of the helical structure of the 

cholesteric liquid crystals. 
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inter-layer attractions are weak compared with the lateral forces between 

the molecules, and the layers are able to slide over one another relatively 

easily. Consequently, the smectic phase have fluid properties, but are much 

more viscous than the nematic phase. Smectics are much more ordered than 

the nematics and consistent with their higher order, the smectic phases 

always occur at temperatures below the nematic domain. Classification of 

the smectic mesophases are generally done by three different methods, viz. 

; miscibility, texture, and x-ray diffraction studies. The various types of 

smectic mesophases that have been identified [ 40-49] are designated as 

follows [ 50 ] : 

SA SB Sc SE SF SG SH sk sl tc -----------------
' ' > ' ' ' ' ' ,e . 

Since the present work deals mostly with smectic A phase and 

smectic At phase, only these phases are discussed. 

1.2 cl Smectic A phase : 

Smectic A is the simplest type of smectic phase. The smectic 

A mesophase is made up of layers which move freely with respect to each 

other. With in the layers, the long axes of the molecules lie almost parallel 

to one another, their mean direction being normal to the plane of the layer. 

The molecules are free to rotate about their long axes, and the distribution 

of the molecules with in the layers are random [43,51,52]. Thus, within the 

layers the molecules have a low degree of translational order, each layer 

being a two - dimensional liquid. The molecular arrangement of smectic A 

phase is shown in Fig 1.1. 

The smectic A phase has the highest temperature of the smectic 

phase and on heating it undergoes a transition to the nematic or cholesteric 

mesophase, or directly to the isotropic phase. At thermal equilibrium the 
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smectic A phase is optically uniaxial [53] due to the infinite fold rotational 

symmetry about the axis parallel to the layer normal. Apart from the focal 

conic textures [54-60] smectic A also exist in homeotropic texture [54-60]. 

Smectic A phase can be further subdivided into several distinct phases [ 61-

67] such as monolayer smectic A1, bilayer. smectic i A2, partially bilayer 

smectic ~ and smectic antiphase A. In the monolayer smectic A1 phase ·the 

layer spacing (d) is approximately equal to the molecular length (1) whereas 

in the bilayer smectic A2 phase the layer spacing (d) is approximately in 

between· 1 and 21. The structures of these phases are represented 

schematically in Fig. 1.4. When the molecules, possess a dipole moment 
I 

positioned at the end of the molecules, then the molecules can minimise 

·their dipole interaction vh1 anti parallel dipole correlation. Consequently 

smectic ~ phases can be formed with a layer thickness, that is 

approximately given by d ~ a + 2b, where a and b are the length of the 

aromatic head and the aliphatic tail, respectively. Typically this leads to d ~ 

1.4 1 where 1 = a + b. The dipole - dipole interaction has a profound effect 

on many physical properties. The details regarding polymorphism in 

smectic A are discussed in references [68-75]. 

1.3 Some new liquid crystalline phases: 

1.3a Discotic phase: 

A new type of mesophase has been discovered [7 4] which cannot be 

classified either as a nematic or as a smectic. This phase is formed in 

·materials with molecules which are approximately disc-shaped. The disc 

are packed together in columns, although their arrangement within an 

individual column can be either ordered or random. Such mesophase are 

called discotic liquid crystals and its structure may be classified into three 
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groups, viZ. the columnar, the nematic and the lamellar. Previously very 

similar disc-like mesogens have been observed in petroleum and coal tar 
. . 

[75,76]. At present-remarkable progress have been achieved in the field of 

discotic liquid crystals [77 -81]. 

1.3b Blue phases : 

For chiral nematics with a relatively short pitch (less than 7000A), 

several different types of phases have been ob~erved between the isotropic 

and the chiral nematic phase and these are known as the 'blue phases'. The 

temperature region in which these blue phases are stable is very small 

(approximately 0.1 °C). Compounds with relatively high pitch can display . 

upto three different types of blue phases [82]. Blue phas.e shows optically 

isotropic structure with colours in reflected light. The structure of blue 

phase is not yet completely explained but it is clear that they exhibit cubic 

symmetry and the basic structure is related to cholesteric phase. The most 

probable model to explain the structure of the blue phase is in terms of the 

defect in a cubic array. Blue phases do not possess double refraction, 

however, they show optical activity and selective reflection of circularly 

polarised light. 

1.3c Chiral tilted smectic phases: 

Liquid crystalline compounds which exhibit optical activity can form 

a chiral smectic C mesophase in which each successive layer is rotated 

through a certain angle with respect to the tilt direction so that a twisted 

structure is formed. This structure has ferro:-electric (FE) properties when 

positively oriented molecular dipoles. are present. Ferri electric (FI) and 

anti-ferro electric (AF) phases are also observed. [83]. The ferroelectric 
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- structures possess two fold-rotational axts of symmetry parallel to the 

smectic layer and perpendicular to the director n. In the twisted form, the 

lateral dipole_ moments of the molecules are ~ancelled on average. If a 

-lateral dipole. moment is present, each smectic layer possess an . electric 

polarisation parallel to the two fold axis of symmetry. Hence the director 

and the polarisation spiral together along the helix axis, leading to .an 

overall z~ro bulk polarisation. By interaction with the walls or in electric or 

in magnetic fields, the twist can be unrolled and this form the phase can 

· show ferrpelectric properties which originates from a summation of many 

lateral molecular dipole moments. In the FI phase the local dipole moments 
' 

are partially compensated whereas in the AF phase, the adjacent layers of 

the molecules are oppositely tilted. Recently both AF phase [84] and. FI 

phase [85] have· been observed in a substance MHPOBC. FerroelecVic 

liquid crystal has attracted much attention for fast switching electro-optical 

display devices. 

1.3d Injected smectic phase : 

. By mixing two pure· nematic liquid crystals ·it is possible for us to 

.obtain the so called injected or induced smectic phase [90-91]. As such, the 

formation of injected smectic phase is accompanied by a J,llarked deviation 

of the n~matic isotropic transition temperature from a linear dependence on 

composition. Induced smectic_ phase can generally be. formed in a binary 

mixture in which one of the constituen~ -have a strong terminal polar group 

·while the oth~r have a non-polar terminal group [92-1 07]. In binary 

mixtures, dipole-induced dipole interaction is responsible for the phase 

stabilisation. However injected smectic phase has also been observed in a 

· mixture of other type of molecules [1 08-11 0]. A quantitative theory of 
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formation of injected smectic phase is difficult as it would require the 

inclusion of position dependent attractive and repulsive interactions for 

both the components. A molecular model of the induced smectic phase has 

been discussed by de Jeu et al [Ill]. 

1.3e Smectic A* phase: 

The term smectic A* phase was coined by Goodby et. al [134]. 

Smectic A* phase consists of regular array of dislocations which is being 

formed in the smectic A under an imposed twist or bend distortion. Smectic 

A* is composed of optically active molecules and its helical axis is parallel 

to the layers. For this reason smectic A* structure may be imagined as a 

series of smectic A blocks or gra_ins separated by twist grain boundaries, 

the. director being rotated by a constant angle on going from one grains to 

the next. The pitch of the helix axis is found to be about lJllD. [135] and the 

grain size obtaiDed from x-ray measurement [135] is about 180 A. 

Furthermore, Renn and Lubensky [136] termed this phase as the "twist 

grain boundary phase". The structure. of the smectic A* phase is shown 

schematically in Figure (l..q~). 

1.3f Re-entrant phase: 

When a compoun<i exhibits both smectic and nematic phase, then as 

a rule, the nematic phase occurs at the higher temperature. In 1975 Claudis 

[112] discovered exception to this rule in certain strongly polar materials, 

the so called phenomenon· of re-entrant polymorphism. The nematic re­

entrant phase ~as first observed on binary mixtures of two cyano 

compounds. The phase sequence of transition on cooling was as follows :-
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Isotropic~ Nematic~ Smectic AI 4 Nematic_re-entrant ~Crystal. 

Claudis [114,115] reported the re-entrant nematic phase in pure terminal 

polar ~ompou.nds ( octyloxy cyano biphenyl) at elevated pressures. The 

re-entrant nematic phase has been observed in some pure compound at 

atmospheric pressure [116-123]. More complex example of multiple re­

entrant polymorphism have been found in a pure substance [108]. There­

entrant phase have been found also in non-polar compounds [93-96]. 

From the molecular point of view, a simple model has been proposed 

by Cladis [129-131] which gives an approXimate qualitative explanation of 

the re-entrant phenomenon. a more elaborate model, which take into 

account attractive forces and hard core repulsions, dipole-induced dipole 

interactions etc. have been proposed by Longa and de Jeu [111]. S. 

Chandrasekhar [133] has also discussed qualitatively the re- entrant 

phenomenon based on the molecUlar point of view. 
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2.1 Theories of liquid crystalline phases: 

The theories of liquid crystalline phase have been descnbed in detail 

in several books of which some are listed in the references [1-5]. In present 

· work I have tried to compare the experimental values of the order · 

·parameters of nematics and smectics with those obtained from Maier­

Saupe mean field theory -and McMillan theory respectively. As such I have 

discussed, in· short, Maier Saupe mean field theory [ 6] and McMillan 

theory [7 ,8] respectively. 

2.2 Maier-Sa ope mean field theory of nematic phase of rQd like 

molecules: 

Maier and Saupe have given a molecular statistical theory of the 

·nematic phase with one order parameter. Suppose that the liquid _crystal is 

composed of rod-like molecules in which the long axis of the molecules 

tend to align parallel to the director n in mesophase. The stability of the 

nematic liquid crystal phase arises from· the existence of the anisotropic 

part of the dispersion interaction energy between the molecules. This 

energy originates from the intermolecular electrostatic interaction. For the 

sake of simplicity Maier and Saupe approximated the electrostatic 

interaction by the first term of its multipole expansion and assumed that: 

aJ the influence of the permanent dipoles can be neglected as far as long 

range nematic order: is concerned . 

. . b/ only the effect of the induced dipole-dipole interaction .need to be 

considered. 

c/ the molecules may b~ considered to be cylindrical symmetric about its 

long axis. · 
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d/ with respect to a given molecule the distribution of the centre of mass of 

the remaining molecules may be taken to be spherical symmetric. 

The distribution of the molecular long axis about the director is 

given by an orientational distribution function f( cose). As the molecules 

have no head to tail asymmetry, f (cose) is an even function of cose. The 

general expression for the orientational distribution function can be written 

as [9]: 

f(cose) = L (2L + 1) I 2< PL( cose) > PL(cose) 
L-even 2.1 

where PL ( cose ) are the L th even order Legendre polynomials, and 

<PL ( cos e ) > are the statistical average given by :-

1 

< PL ( cose ) > = f PL ( cose ) f ( cose ) d ( cose ) 
0 2.2 

<PL> are called the orientational order parameters. The expression for the 

potential of a single molecule in the generalised mean field approximation 

can be written as 

v (cose) = L UL < PL> PL( cose) 
L-even 2.3 

where UL are the functions of distance between the central molecule and its 

neighbours only. 

Putting L = 2 in equation 2.2 we have 

1 

< p2 ( cose ) > = f p2 ( cose ) f ( cose ) d ( cose ) 
0 2.4 
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<P2> is generally called the order parameter. <P2> = 0 for isotropic liquid 

and <P2> =1 for perfectly ordered sample. 

Equation 2.3 can be written in the expanded form as: 

V(cos9) = U2 <P2> P2 (cos9)+ U4 <P4> P4 (cos9)+ U6 <P6> P6 cos9)+ ..... 

2.5 
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In the mean field theory of Maier and Saupe, only the first term of the 

equation 2.5 is retained, so that the expression for the potential energy of a 

single molecule can be written as : 

V(cos9) = - v P2 (cos9) < P2 > 

where v= - u2 

2.6 

The orientational distribution function corresponding to the single molecule 

is given by: 

f ( cose ) = z-1 exp [ - V ( cos9 ) I kT] 2.7 

where Z is the single molecule partition function given by: 

1 

Z = f exp [ - V ( cose ) I kT] d ( cose ) 2.8 
0 

and k is the Boltzmann's constant. 

Substituting the value of f (cos9) and V (cos9) from equation 2.7 and 

equation 2.6 into equation 2.4 we have: 

< P2.(cose) > = 

I 

J P2 (cose) exp [P2 (9os8) < P2 >IT*] d (cos9) 
0 

1 

J exp [P2 (cose) < P2 >IT*] d (cos9) 
0 

2.9 

J 
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where T* = k T I v 

equation 2.9 is a self consistent equation. For every temperature T* we can 

obtain the value of <P2> that satisfies ·the self consistence equation. 

<P2> = 0 is a solution at all temperatures that corresponds to normal 

isotropic liquid. when T* < 0.22284, two other solutions of <P2> appear 

and the state that has minimum free energy will be stable. It has been found 

that the nematic phase with <P2> > 0 is stable when the T* satisfies the 

condition O~T*~0.22019. When T* > 0.22019, the isotropic phase with 

<P2> = 0 is stable. 

The order parameter <P2> decreases from unity to a minimum value 

of 0.4289 at T*=0.22019. The nematic isotropic transition takes place at 

T*=0.22019 and it is a first order phase transition .as the order parameter 

discontinuously changes from <P2> = 0.4289 to <P2> = 0. Although 
I 

~approximation are involved in Maier-Saupe theory, for a number of 

nematic liquid crystals, the experimental values of <P2> agree quite well 

with those predicted by the theory. 

2.2 McMillan's theory for smectic phase: 

McMillan proposed a simple and elegant description of smectic A by 

extending ~he Maier-Saupe theory to include an additional order parameter 

for characterising the one dimensional translational periodicity of a layered 

structure .. In smectic A phase, there is a periodic density variation along 

the layer normal (z-direction) in addition to the orientational distribution of 

the molecular axes. Therefore, the normalised distribution function can be 

written as: 
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f( cose) = ~ ~ Ar.,n PL ( cose) cos ( 21tDZ I d) 
L,even n 

'~ '- 2.10 

where d is the layer thickness. 

The normalising condition for the distribution function is given by: 

1 d 

J J f( cose, z) dz d(cose) = 1 2.11 
-1 0 

McMillan [7 ,8] following Kobayashi [1 0,11] expressed the. pair potential 

as: 

VM (cose, z) =- V [ 8cu cos (2nz I d)+ {11 + a8 cos (2nz I d)}P2 (cos9)] 

2.12 

where a and 8 are the two parameters of the potential. a increases with 

increasing length of the molecules and 8 is the ratio of the translational part 

of the potential to the orientational part of it. 11 = <P2(cos9)>, 

-r= <cos(2nz/d)> and a= <P2(cose ) cos (2n z/d)> are the orientational, 

translational and mixed order parameters respectively, and < > denotes the 

statistical average of the quantities inside. 

The single particle distribution function can be written as: 

fM ( cose, z) = z-1 exp [- VM ( cose, z) I k T] 2.13 

where Z is the partition function given by: 

1 d 

Z = J J exp [- VM ( cose, z) I k T] d ( cose) dz 
0 0 2.14 
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Once again, three self consistent equations containing 11, 't and cr can be 

written and solved iteratively. 

Out of several possible solutions, the thermodynamically stable 

solu~ion is selected by the criterion of lowest free_ energy. Depending on the 

val~es of the coupling parameters, the following three type of solution are 

possible: 

aJ 11· = 0, 't -0, a= 0, this solution describes the isotropic liquid 

b/ 

c/ 

phase; 

11 * ·o, 't =0, a = 0, this solution describes the nematic -phase in . 

accordance with the Maier Saupe theory; 

11 ¥ 0, 't ¥0, a ¥ 0, this solution describes the smectic A phase. 

For a > 0.98, the smectic A phase transforms directly into the 

isotropic phase, while for a< 0.98 there is a smectic A-nematic transition 

followed by a nematic-isotropic transition at higher temperature. Although 

nematic-isotropic transition teJp.perature is always first order according to 

McMillan theory, the smectic A-nematic transition can be either first order . . 

or second order. For Tm I Tm < 0.87, the smectic A- nematic transition 

is -second order while for TAN I T NI > 0. 87, the smectic A - nematic 

transition is first order. TAN and T NI are the smectic A - nematic and 

nematic ;... isotropic 'transition temperature respectively. 

2.4 X ... ray diffraction from mesophases: 

The structure and hence the properties of the liquid crystalline 

compound can best be understood from the x-ray diffraction studies of the 

liquid crystal compounds. Although a number of review articles are 

available in this field, V ainshtein [14] and Leadbetter [17] ·have given the 

theoretical interpretation. From x-ray experiment, the Fourier image of the 
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correlation density function can be deterririned, the reconstruction of which 

from the scattered data yields information both on the mutual arrangement 

of molecules in a liquid crystal and the specific features of the orientational 

and translational order. 

X-ray diffraction of the unoriented nematic phase consists of a 

uniform halo just like that of an isotropic liquid. The reason behind this is 

that a nematic liquid crystal generally consists of a large number of 

· domains, the molecules being ordered within each domain along the 

director. n, but there is no preferred direction for the sample as a whole so 

that the diffraction pattern has a symmetry of revolution around the 

direction of the x-ray beam. However, application of suitable magnetic or 

electric field can produce a 'monodomain' or 'aligned' or 'oriented' sample 

of liquid crystal. 

The small angle x-ray diffraction pattern from a nematic liquid 

ciystal oriented perpendicular to the direction of the incident x-ray beam is 

shown :iJ;l the Figure 2.1a. In the diffraction pattern, the main halo splits into 

two crescents for each of which intensity is maximum in· the equatorial 

direction, i.e. perpendicular to the director. These crescents are· formed 

mainly due to the intermolecular scattering and the corresponding Bragg 

angle is a measure of lateral intermolecular distance. The angular 

distribution of the x-ray intensity (Fig. 2.la), I ('V) vs. 'V curve, also gives 

the _orientational distribution function f(cos9) and order parameter <PL>, 

(L= 2, 4). 

In the meridional direction, parallel to the director, two 

crescents are also observed at much smaller angle and the corresponding 

Bragg angle is a measure of apparent molecular length. Sometimes, the 

inner diffuse crescents are replaced by sharp spots and the corresponding 
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Figure 2 .1 a. Schematic representation of the x-ray diffraCtion pattern of an 

oriented nematic liquid crystal. 

Equatorial~__. 

Section 

I(o/) 

/ 
/ 

/ 

_, 
' 

Meridional section 

-

/ 
/ 

/ 

H 

I 

Figure 2.1 b. Schematic representation of the x:-ray diffraction pattern of an 

oriented smectic A liquid crystal. 
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phase is called "cybotactic phase". The presence of the sharp spots 

indicates smectic like clusters in the nematic phase which are called 

"cybotactic" groups [20]. 

The .x-ray diffraction pattern of smectic A phase is shown in 

Figure 2.1 b. The meridional spots are formed due to Bragg reflection from 

the layers and provide the value of layer thickness. Since smectic A can 

have only quasi-long range order along its layer normal [3,21], the second 

order Bragg reflections in the meridional direction are generally very weak 

and are often absent in the x-ray photographs. When present, these second 

order reflections provide a method for calculating t, the translational order 

parameter. 

In our x-ray photographs of the liquid crystals, sometimes 

other faint diffuse spots are also present, which may be due to (a) intra­

molecular atomic scattering (b) next nearest neighbour intermolecular 

scattering and (c) effect of white radiation contained in Ni filtered Cu­

radiation. However, we do not consider such diffraction patterns in our 

analysis. 

2.5 Experimental technique and data analysis; X-ray 

diffraction studies: 

The x-ray diffraction set up has been designed and fabricated 

in our laboratory by Jha and Paul [22]. The schemetic representation ofthe 

whole set up is shown in Figure 2.2. The brief description of the set up is as 

follows: 

The x-ray generator is that of Radon house (India) and the x-ray tube with 

copper - target is used. The set up has flat -plate camera provided with the 



38 

sample holder (8) having heating arrangement. The sample holder is fitted 

with a changeable collimator (2) and is well insulated from the 

surroundings by asbestos cement. The sample holder is supported by fotrr 

brass posts (16) that are rigidly attached to the heavy brass plate (12). The 

brass plate is also fitted with the film cassette holder (11) and the space 

between the film cassette and the sample holder are separated by adjustable 

spacer (15). The sample was taken in a thin walled lithium glass capillary 

of diameter 1mm and is introduced into the sample holder. The camera .is 

then placed between the pole pieces of an electromagnet in such a way that 

the sample remains at the centre of the pole pieces (17). The magnetic field 

acts along the axis of the capillary and the pole pieces can be brought very 

close to each other to provide strong magnetic field of about 5 Kilogauss. 

The strength of the magnetic field was measured by sensitive Gaussmeter 

(ECIL model GH 867). For better collimation of the x-ray beam, levelling 

screws (13) are provided on the brass plate. At first the sample was heated 

to the isotropic phase and was slowly cooled to the desired temperature in 

presence of the magnetic field. The temperature of the sample holder and 

hence the sample was maintained constant within ± 0.5 °C by a temperature 

controller (Indotherm model IT401D2 ). The film cassette is loaded with 

new film and is then placed on the cassette holder. The film is then exposed 

to x-ray diffracted from the sample, the direct beam being stopped by a 

beam stop. The magnetic field was kept on during the exposure of the film. · 

The exposure time in our experiment was about three hours. Also, all the 

x-ray photographs were taken by using Ni-filter of thickness 0.009 mm 

which gives mainly the monochromati~ Cu Ka radiation of wavelength 

1.5418 A. Furthermore, the incoming x-ray beam was collimated by a 

collimator of aperture 0.8 mm. X-ray photographs were taken for the same 
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Figure 2.2 Sectional diagram of the X-ray diffraction camera. 
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1. X -ray 2. Collimator 3. Brass ring 4. Ring of syndanyo board 5. 

Brass ring 6. Cylindrical brass chamber 7. Asbestos insulation and 

heater winding 8. Specimen holder and thermocouple 9. Sample 

10. Film Cassette n. Filni cassette holder 12. Base plate 13. 

Levelling screw 14. Brass plates over the coils of the 

electromagnet 15. Removable spacer 16. Supporting brass stand 

17. Pole peices 18. Asbestos insulation. 
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sample at various temperatures. In my experiment, . the sample to film 

distance was varied from 8 em to 10 em depending upon the sample. 

The spacer gives only apparent distance between the sample 

and the film. To get the exact sample to film distance, I have taken 

aluminium powder photograph. The Bragg angle corresponding to the hkl 

reflecting plane for the aluminium (F.C.C structure) can be determined 

.. from the equation [23]: 

2.15 

Thus measuring the diameter of the diffraction rings corresponding 

to (Ill) and ( 200) reflections [22] and the values of Bragg angle from 

equation 2.15, the actual distance between the sample. and the film can be 

obtained from the relation : 

tan ( 29' ) = Radius of t]J.e ring I 'Sample to film distance 

2.14 

The correction term was calculated and the apparent distance given by 

spacer was corrected to get the exact value of sample to film distance. 

a/ Conversion of optical density to x-ray intensity: 

The optical density of the x-ray photographs were measured by a 
. . 

Carl Zeiss Microdensitometer (MD100) which has potentiometric 

recording (k200) facilitY for linear scanning. The optical density values 

obtained from the densitometric scan were then converted to relative 

intensity values by a -method explained by Klug and Alexander [24]. A 

. strip of film was kept inside a film holder provided with a rectangular 
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opening on a lead sheet and was kept at a fixed distance from the x-ray 

tube. Multiple film technique was used to prepare an intensity scale by 

exposing different portion of the film- -to x -rays coming through the 

rectangular opening with different .exposure times (5sec, lOsee, 

20sec, ... etc.). The optical densities of these spots were meastrred with the 

help of microdensitometer. Since the microdensitometer zeroing was 

adjusted on unexposed x-ray film, we need not subtract the optical density 

of unexposed film from the measured data. A graph is then plotted with 

optical density vs .. time in seconds. Since x-ray intensity is proportional to -

the time of exposure, the optical density vs. time in second curve actually 

corresponds _to x-ray intensity and hence it is used as calibration curve to 

convert x-ray intensity to optical density. 

b/ Circular scanning of x-ray photographs: 

To perform circular scanning of the x-ray film, densitometer is 

provided with the rotating stage, fabricated in our laboratory, to facilitate 

360° -scanning of the photographs. Photographs were scanned to measure 

angular intensity distribution I(\j/) which was used to calculate the 

orientational distribution function f (f3) and order parameters < P2> and 

<P 4>. Reading of the circular scan of the outer diffraction arc were taken 

from \j/ = 0 to \j/ = 360° at 1° interval near the peak and at larger intervals 

elsewhere. The optical density values, thus obtained, were converted into 

corresponding x-ray intensity with the help of the calibration curve. The 

· experimental intensities values were then corrected for the background 

intensity values arising due to the air scattering. The p.eak intensity position 

which corresponds to \j/ = 0 was determined from intensity I ('I') vs. angle 

('I') curve. I ('I') vs. \j/ curve were smoothed, and nineteen values of I ('JI) 
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were taken from \j1 = 0 to \j1 = 90° at 5° intervals. From the values of l('J1), 

we have calculated the distribution function f(J3 ), and order parameters 

( <P2> and <P 4>) by Lead better's expression. A computer program was . 

written in our laboratory for these calculations. 

c/ Linear Scanning of_ x-ray photographs: 

The linear scan of the x-ray photographs were· performed by using 

the potentiometric recorder and the recorder plotted a graph of optical 

density vs. linear distance. The distance between the peak position gives 

the diameter of the diffraction ring. 

2.6 Orientational distribution func~ons and order parameters: 

As it has been mentioned in Chapter-1, the liquid crystals are 

composed of rod like molecules which are cylindircally symmetric about 

their long axes. Both the nematic and smectic A phases have uniaxial 

symmetry which is parallel to the unit vector n called the director. The 

orientational distribution function describes how the moleculer long axes 

are distributed about the director;_ it gives the probability of fmding a 

molecule at some prescribed angle J3 from n. The x-ray diffraction pattern 

of an oriented sample consists of equatori3:l arcs. The orientational 

distribution function is related to the distribution of x-ray intensity along 

the diffused equatorial axes according to the following equation [17]: 

7tl2 

I ( \JI) = c J fd (13) sec2 \II [ tan2 J3 - tan2 \II] -l/2 sin J3 dJ3 
13~ 

2.16 
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where fd ((3) describes the distribution function of the directors of clusters 

in which the molecules are perfectly aligned. The equation 2.16 can be 

numerically inverted to give fd(f3) ·which are assumed to be close to the 

singlet distribution function f(f3). 

The orientational order parameter <P2> and <P 4> were calculated by 

using the following equation : 

I I 

< PL > = f PL (cos f3 ) fd(f3) -d( cosf3) I f fd(f3) d( cosf3) 
0 0 

2.17 
where, L = 2,4. 

The method of obtaining intensity values I( \If) from the measured 

optical densities of the x-ray diffraction photographs has been described in 

section 2.5b. To calculate fd(~) and order parameter we need l(\!f) values 
0 . 

from \jJ = 0 to \jJ = 90 i.e. one quadrant. I have measured I(\jJ) values of 

four quadrants separately and the average values of I( \If) is considered to 

calculate f (~) as well as <P2> and <P4> for all the samples. The errors in 

the calculation of <P2> and <P 4> in our experiment are estimated to be 

within± 0.02. 

2. 7 Molecular parameters from x-rays studies: 

a/ Intermolecular distance: 

The average lateral distance betw~en the neighbouring molecules (D) 

is related to the corresponding Bragg angle (29) according to the formula 

[20]; 

· 2D sine =k.A. 2.18 
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where, 2e is the Bragg angle for the equatorial diffraction~ 'A is the wave 

_length of the x-ray and k is a constant which comes from the cylindrical 

symmetry of the system. Recent calculation [30] have shown that ~he value 

of k depends on the order parameter of the sample under consideration. 
- ' 

For perfectly ordered state k _- 1.117 as given by 4e Vries [20]. Since the 

variation of k with < P2 > is small, I have used the value k = 1.117 for all 

the calculations. 

b/ Ap-parent molecular length or layer thic~ess: 
. . . 

-To calculate the apparent molecular length (or layer thickness) (d), I 

have used the Bragg equation (2 d sine= 'A), where e is the Bragg angle 

for the meridional diffraction crescent (or spots) for an aligned sample or 

for the inner halo (or ring)m the case of unaligned sample. 

2.8 Refractive index of mesophases: 

Most of the nematic liquid crystals are optically uniaxial and 

strongly birefringent. A uniaxial liquid crystal has tw:o principal refractive 

indices ViZ. ordinary refractive index (no) and extraordinary refractive 

ind~x (fie). The birefringence is defined by the following equation: 

An= lle-~ 2.19 

The first birefringence .ineasurement were made by E. born [31] and­

its theoretic~! explanation was· given by O.Weiner ·[33] and H.Zocher 

- [34,35]. Birefringence is positive for conventional nematics with its value 

_ lying between 0 to 0 .4, while it is negative for. chiral nematics. Refractive 

indices· of the smectic phases have also been measlired · [43-45]. To 

evaluate the molecular polarisabilities of the liquid crystal it is necessary to 
. -

consider the anisotropic internal field that arises due to anisotropic 
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molecular arrangements in the liquid crystals. Hence, in case of liquid 

crystals the well known Lorentz-Lorentz formula for isotropic media is 

replaced by Neugebauer formula [46] or Vuks formula [47]. Saupe and 

Maier [ 48] also applied a more elaborate internal field suggested by 

Neugebauer. 

I have measured the ordinary and extra ordinary refractive index of 

the nematic liquid crystals, smectics as well that of the re-entrant nematic 

phase and then calculated the effective polarisabilities a 0 and ae of the 

anisotropic liquid crystals by using the two different internal field models 

· [46,47]. Finally orientational order parameter <P2> was calculated. 

a/ Neugebauer Method: 

Neugebauer [46] extended Lorentz-Lorentz equations for an 

isotropic system to an anisotropic system. In this model the effective 

polarisabilities ao and ae of the liquid crystals are related to the refractive 

indices fie and no according to the following equations: 

ne2
- 1 = 4 1t N ae ( 1- N ae Ye r1 2.20 

and no2 
- 1 = 4 1t N ao ( 1- N ao Yo r1 2.21 

where, 'Yo and "fe are the respective internal field constants for ordinary and 

extraordinary rays, N is the number of molecules per c.c. and fie and no are 

the extraordinary and ordinary refractive indices respectively. The relevant 

equations for calculating polarisabilities ( ao,ae ) as obtained from the 

equations 2.20 and 2.21 are as follows: 

11 ae + 21 ao = [4nNI 3] [ { (ne2 + 2) I (ne2
- 1)}+{2 (no2 + 2) I (no2

- 1)}] 

2.22 
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and 

ae + 2 <Xo = [91 4n N] [ (n2
- 1) I (n2 + 2)] 2.23 

where, 

n2 
= (2Do 2 + n/ ) I 3, n is the mean refractive index. 

a 0 and ae values are obtained by directly solving equations 2.22 and 2.23. 

b/ Vuks method: 

Vuks has derived another formula for polarisabilities associated with 

anisotropic molecules by assuming that the internal field is independent of 

orientation. The Vuks formula relating the molecular polarisabilities 

( ao, ae) and refractive indices (n0 , fie) are as follows : 

2.24 

and 

2.25 

where, 

n2 
= (2Do 2 + fie 2 

) I 3, n is the mean refractive index. 

a0 and ae can be calculated directly from the refractive index values. 

2.9 Calculation of order parameter from the polarisabilities: 

The relation between orientational order parameter <P2> and the 

principal polarisabilities are given by de Gennes [49] as: 

ae = a+ (2/3) aa < P2 > 2.26 

ao = a - (113) aa < P2. > 2.27 

where, 
-
a = ( 2 a0 + ae ) 13 is the mean polarisability 
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and 

aa = ( a11 - a1.) is the molecular polarisability anisotropy where a11 

and a1. are the principal polarisabilities, parallel and perpendicular to the 

long axes of the molecules in the crystalline state. Due to strong absorption 

in the solid phase, we could not measure aa directly. to get the value of aa , 

Haller's extrapolation method [50] was adopted. The graph was plotted 

with log( ae-ao) vs. log(Tc-T) giving a straight line which is extrapolated 

to log(Tc) where Tc corresponds to nematic isotropic transition temperature. 

the limiting value of (ae-ao) at T = 0 or< is assumed to correspond to 

(all-aJ.). . 

From equation 2.26 and 2.27 we have 

<P2> = ---- 2.28 

For a gtven sample, ae and a 0 are calculated at various constant 

temperatures from which ( a11-a1.) is obtained. The order parameter <P2> 

is then calculated by using equation 2.28. 

2.10 Measurement of refractive indices : 

Refractive indices (llo, ne ) of a liquid crystal for ordinary and extra­

ordinary rays were measured by using thin hallow prisms with the 

refracting angle less than 2°. The details of the preparation of the prism and 

the experimental procedure have already been reported by Zemindar et al 

[51]. To prepare. prism optically flat glass plates are taken, and they are 

first cleaned by cone. HN03 and then by acetone. One surface of the glass 

plates was rubbed on bond paper in a direction parallel to one of their 
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edges. The rubbed surface is then coated with thin layer of 1 % solution of 

polyvinyl alcqhol and then dried. The preferred direction on the substrate 

can be obtained by rubbing the same surface in the same direction again by 

a tissue paper. The prism was then prepared by placing the rubbed suffaces 

inside, with the rubbing direction parallel to the refracting edge of the 

prism. A thin glass spacer was introduced between one of the vertical edge 

of the prism for getting the desired refracting angle of the prism. The glass 

plate of the prism were sealed together by using high temperature adhesive 

and were -baked in an oven. Liquid crystal sample was introduced into the 

prism from its top open side by melting. The system was alternately heated 

to isotropic phase and cooled slowly so that the liquid crystals were 

perfectly aligned with its optic axis parallel to the refraction edge of the 

prism. The prism was then placed inside a brass oven provided -with 

transparent opening at the centre and the temperature of the oven was 

maintained constant at a desired value by a temperature controller 

(Indotherm model IT401D2) with~ an accuracy of ±0.5 °C. The refractive 

indices (no, 11e) were measured for four different wavelengths (A.= 6907A, 

5890A, 5461A, 4358 A), corresponding to mercury source by means of a 

precision spectrometer and an optical monochromator. 

2.11 Measure:rnents of densities: 

The densities of the liquid crystals were measured with the help of a 

dilatometer of the capillary type. A weighed amount of the liquid crystal 

was introduced inside the dilatometer which was kept immersed in a 

thermostated liquid bath. ·The. height of the liquid crystal column was 

measured at different temperatures with the help of a travelling 

microscope. But before taking the reading, sufficient time. was given to 
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attain equilibrium at any desired temperature. The densities were then 

calculated by making corrections for the expansion of glass capillary. The 

accuracy of density measurement lies within ± 0.1 %. 

2.12 Magnetic susceptibility measurements: 

Introduction: 

The determination of diamagnetic properties Is of great 

importance in .the study of liquid crystals. All anisotropic properties of 

liquid crystals are related to the orientational order parameter <P2> in a 

more or less complicated way. Since the molecular susceptibility of a liquid 

crystal is anisotropic the orientational order parameter is related to the 

magnetic susceptibility [52-55] in a more or less straight forward way. It is 

considered to be one of the best methods for studying the variation of order 

parameter with temperature despite the experimental difficulties in 

measuring the susceptibility. The theoretical treatment regarding the effect 

of external magnetic field on liquid crystal was given by J.P.Dias [56] and 

the magnetic alignment of the liquid crystal was explained by J.O.Kessler 

[57] 

To investigate the effect of external magnetic field on liquid crystal 

materials we first define the magnetisation M induced by the applied 

magnetic field H according to the following equation: 

Ma= Xa13 H13 

a,J3 = x, y, z 

2.29 

where XaJ3 is an element of the magnetic susceptibility tensor X and the 

summation convention over repeated index is followed. 
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For uniaxial phase like nematic or smectic A phase and choosing the 

director along the n along the z-axis we have: 

XJ_ 0 0 

x= o xj_ o 

0 0 XII 

The subscript II and l_ indicates the component parallel and perpendicular 

to the director resp~ctively. The average susceptibility is given by 

X = ( 1/3 ) L Xrr 
y 

. ( 1/3 ) Cxn + 2 xj_ ) 
The magnetic susceptibility anisotropy is defined as : 

J').X = XII - X-1 . 

= ( 3/2 ) Cxn - x ) 

2.30 

2.31 

Hence the susceptibility tensor has only two different non zero elements, 

and we fmd: 

M = XII H, if H II n 

M= x_LH, if Hl_n 

For an arbitrary angle (9) between H and n we derive for total 

magnetisation 

M = Xj_ H + J').X ( H. n ) n 

Therefore the free energy in a magnetic field is given by: . 

H 

Fmagn = - f M. dH 
0 

= - (1/2) X_1_ H2 
- ( 1/2 ) J').X ( H.n i 

2.32. 

2.33 
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Since the first term of the above equation is free from n, it may be omitted 

as far as orientation rt~lated problems are concerned. For positive 

anisotropy i.e. !1x > 0, the last term is minimised when His collinear with 

n. Therefore the liquid crystal with positive !1x tend to align with their 

molecular long axes along the direction of the applied magnetic field. 

However, for liquid crystal with negative !1x, the molecules tend to align 

perpendicular to the applied magnetic field. Hence the coupling to the 

director occurs through the anisotropy of the molecular susceptibility. 

2.13 Relation between order parameter and magnetic anisotropy: 

The order parameter Q is defmed by considering the anisotropic part 

of the susceptibility x as follows : 
-

Qaj3 = XaJ3 - 8aj3 X 2.34 

where,~' f3 = x, y, z and 8aJ3 is the kronecker delta function, 

Q is a second rank tensor, which is diagonal. 

If we choose the director n along the z-axis, then Q has zero trace 

and vanishes for the isotropic phase. If we consider uniaxial symmetry 

around n, it is sufficient to consider only one element Qzz of Q. 

Equation 2.34 can also be written in the form: 

Qaj3 = XaJ3 - ( 1/3 )8aj3 LX yy 

r 2.35 

Therefore, 

Qzz = 'Xzz - (1/3 ) { Xxx + Xyy + Xzz } 

= (2/3 ) Cxn - X.L) 

Here we assume 

Xxx = Xyy= 'X.L. and Xzz = XU 

2.36 
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In order to relate Q to the microscopic ord~r parameter S, let K be 

the tensor of the molecular magnetic polarisability which is assumed to be 

diagonal in the molecule - fixed co-ordinate system ~, T},s. 

Therefore, 

Xaf3 = N.~ Kij < Ia ]f3 > 2.37 
lJ 

where i, j = ~, T},s. 

a, f3 = x, y, z. 

1 a is the a - component of a unit vector along ~, T},s axes, N is the 

number of molecules per unit volume and the bracket < > stands for 

statistical average. 

Using equation 2.37, the order parameter represented by equation 

2.3 5 can be expressed as : 

2.38 
Therefore, 

Qzz = N ~- Kij < iz jz - (1/3) Dij > 
IJ 

= (2/3) N ~ Kij (l/2) < 3 iz jz- Dij > 
1J 

= (2/3) N L Ki" S· · . . J 1J 2.39 
IJ 

where, 

Sij = (112) < 3 iz jz - Dij >is the generalised order parameter. 

From equation 2.36 and 2.39 we have: 

Qzz = (2/3) (xn - X-L) 

= (2/3) N .~ Kij Sij 
lJ 

2.40 
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As Sij is diagonal in a molecular fixed co-ordinate system ~' 11, s with 

the s-axis as the long molecular axis and has zero trace, there are two 

independent scalar order parameter, for which we choose S = Sq; and 

D = STJTJ - Sc;;c;;. 

Thus equation 2.40 can be written as : 

(XII - X.L) IN = {Kc;;c;; - (1/2) ( KTJTJ + Kc;;c;; ) } S + (112) (Kc;;c;; - KTJTJ) D 

where S is the order parameter which have a value between 0 and 1. 

Therefore, 

s = 112 < 3 c;,/ - 1 > 

= 112 < 3 cos2 e - 1 > 

where '8' is the angle between z and s axes. 

Furthermore, 

D = (1/2) < 3~z2 - 1 > - (112) < 3T)/ - 1 > 

= (3/2) < ~/ - T)/ > 

= (3/2) < sin2 e cos2\jJ > 

2.41 

where \jJ is the Eu1er angle specifying the rotation around the s-axis. D 

measures the difference in tendency of the two transverse molecular axes to 

project on the z-axis. By considering the molecule to be axially symmetric, 

we have D = 0. 

Now equation 2.41 can be written as: 

Cxn - X.L) = (XJ - Xt) s 
where XI= N Kc;;c;; and Xt = (112) N ( KTJTJ + Kc;;c;;) 

2.42 

Equation 9.42 is known as Tsvetkov's expression for order parameters 

[44,45]. To determine the order parameter (S) we need the value of 
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(XI- Xt) which can be obtained from solid single crystal measurements. An 

· alternative method to estimate(XI - Xt) is against temperature due to Haller 

et al [50] A logarithmic plot of(XI- Xt) against ln(Tc-T) often gives straight 

line, and (XI·- Xt) is obtained by extrapolating toT= 0 and assuming S = 1 

at that point. I have adopted Haller's method to estimate the value of order 

parameter. · 

2.14 Determination of Ax: 

The magnetic susceptibility have been measured by the classical 

Faraday-Curie method. The total force (F) experienced by a sample in an 

inhomogeneous magnetic field with a gradient in the horizontal x-direction 

is given by: 

F= (1/2) (mx -lllo Xo) (dH2
/ dx)av 2.43 

where x, m are the mass susceptibility and the mass of the sample and Xo , 

1llo are those of air driven·out of the sample. The subscript 'av' indicates the 

average value. If we assume that the sample is replaced by almost same 

volume of the reference sample and is placed at more or less at the same 

position between the pole pieces of the magnet, then (dH2/dx) will be 

same for both the cases. By indicating the reference sample with the 

subscript 'r', the force acting on the reference sample is given by: 

F = (1/2} (llr'Xr- 1llo Xo) (dH2/ dx)av 2.44 

From equation 2.43 and 2.44 we can write: 

F fir Po (to) Po (t) 
X (t) = - [ 'Xr - Xo (to) ] + Xo (t) 

p (t) 

2.45 
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where p, Pr and Po are densities of the experimental sample, reference 

sample and air respectively; to is the temperature at which the measurement 

of the reference sample is made. 

The sample was taken in a cylindrical quartz container having a 

volume of nearly 0.1 cm3
. It was hung by a glass capillary between the pole 

pieces, the value of (dH2/dx) being 1.1 K. gauss2 /em. approximately. The 

value of (dH2/dx) is constant within 1% for 1cm. length along x-direction 

while along y and z direction (dH2/dx) is practically constant over 

sufficiently large distances. The temperature of the sample was maintained 

constant within ±0.5°C by temperature controller (Indotherm model 401 

D2). The whole system is evacuated to avoid disturbance to the balance 

due to convection in air. The accuracy of measurement using this balance is 

about 1%. 

I have used trans-decaline (Xr = 0.779 x 10-6 c.g.s.unit) [58] a non­

volatile liquid at room temperature as a reference substance. Density of 

reference sample is 0.869 gm/c.c. [59]. Using the magnetic susceptibility of 

air (Xo = 106.3 x 10-6 c.g.s.unit at 20°C) [60], the curie law Xo,.., liT, the 

tabulated density of air [61], the necessary correction as given by equation 

2.43 can be calculated. Error due to the influence of dissolved oxygen has 

been discussed and ignored by de Jeu et al [62]. I have also neglected the 

influence of dissolved oxygen. 

In the experimental arrangement, the force on the sample is exactly 

balanced by the force exerted on the horizontal coil, rigidly attached to the 

balance beam, placed inside the hollow permanent magnet with a uniform 

radial field and carrying a suitable current i. This force due to the field on 

the coil is given by : 
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F=2mniH 

where, n = number of turns in the coil, r = radius of the coil, H = magnetic 

field intensity. 

In general the suspended system will experience a pull even in the 

absence of any magnetic sample to balance the pull, we must pass an initial 

current io through the coil. In our set up, instead of the current we measured 

voltage drop across a standard resistance of the order of 10 K. ohms with 

the help of high precision digital voltmeter. So the final expression for the 

susceptibility becomes: 

( V- Yo) 

x(t)= -­
(vr-vo) 

fir Po (to) 
[ Xr - - Xo (to) ] + 

m Pr(to) 

Po (t) 
Xo (t) 

p (t) 
2.46 

All the values of magnetic susceptibilities given by me in this thesis are 

mass susceptibility in c.g.s. unit (erg gauss-2 gm-1
). 

2.15 Description of the experimental set-up for determination of 

diamagnetic anisotropy ( Ax ): 

The electromagnetic balance for measurmg susceptibilities have 

been designed and fabricated in our laboratory by M. Mitra and R. Paul 

[ 63]. Basically the instrument is of the Curie type, the ·movement of the 

arms being restricted to the horizontal plane. the schematic diagram of the 

apparatus is shown in Figure 2.3. 

It consists of a horizontal light glass beam ~ kept suspended at the 

middle.with vertically stretched phosphor-bronze strips. The upper strip B, 

is soldered to a torsion head T used for adjusting the position of the beam, 

whereas, the lower one B' terminates in an elliptic spring E secured to a 

universal adjustable holder H which can be moved horizontally in two 
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Figure 2.3 Schematic diagram of the apparatus for measuring magnetic 

susceptibility. T- Torsion head, S- Brass pillar, B, B' - Phospher-

, 57 

bronze strip, m- mirror, A- Balance beam, M- Magnet, C- Coil, 

E- ~pring, G- Glass tube, Q- Heater, K- Thermo-couple, P- Beaker 

Containing calcium chlorid,e, V- Vane, H- Adjustable platform, 

J- Bell-jar, p- Brass plate, R- Perspex block. 
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directions. The torsion head is fixed to a brass pillarS and the holder His 

fixed on a flat brass plate b resting on levelling screws. 

A small perspex block R is attached to ~ne end of an arm of the 

balance beam and has a vertical hole to which is attached a long capillary 

tube carrying a sample holder. A damping vane V made of thin mica sheet 

dipping into diffuse pump oil fixed to the other side of the glass beam 

effectively damps out all spurious vibrations. On the same side of the 

balance beam is attached a balancing coil of 50 turns of 42 s.w.g. 

enamelled copper wire wound over a hollow perspex cylinder c~and the 

coil is free to move inside a hollow magnet M having a radial field of about 

200 gauss. The phosphor -bronze strips acts as a suspension wire as well as 

electric connection of the coil. The balance assembly is covered with a 

greased ground bell jar J. Two holes h1 and h2 are drilled in the base plate. 

In one of this hole, is fixed an ebonite block with binding terminal, sealed 
' 

vacuum tight with araldite, for leading in the coil currents. The other 

terminal of the coil is attached to the brass plate. The second aperture h2 

about 3 em in diameter is fitted with a brass collar for fitting the glass tube 

extension of the experimental chamber. The joint of the glass tube G and 

brass tube is made vacuum tight with o-ring. A heater Q of constantant 

wire and a thermocouple K is fixed through a rubber stopper and is 

introduced into the glass tube which is made vacuum tight. The sample 

holder, thermocouple and the heater are placed between the pole pieces of 

an electromagnet. The brass tube is also provided with a side tube (t) 

through which the balance chamber and the experimental chamber can be 

evacuated. The sucksmith form of a pole piece is adopted and any change 

in the position of the sample was detected with the help of a pair of 

matched photocells. 
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It should be notated that since the director of the mesogens aligns 

itself in the direction of the magnetic field (8x >0) in most samples, the 

magnetic susceptibility determined by this method is XII in mesophase and 

x in isotropic phase. Since non-metallic organic mesogens are 

diamagnetic, x should be independent of temperature. Hence, using 

equation 2.31 we get . 8x = 1.5 (xu - x), 8x being the magnetic 

susceptibility anisptropy. Order parameter is then calculated using equation 

2.42. 

2.16 Elastic constant and deformation free energy of nematic liquid 

crystal: 

The elastic constants of a liquid crystal are restoring torque which 

become apparent when the system is perturbed from its equilibrium 

configuration. In display devices, the electric or the magnetic field induces 

the initial perturbation and as such the balance between elastic and electric 

or magnetic forces determines the static deformation pattern of a liquid 

crystal. 

Although vanous properties of mesophase transitions could be 

explained in terms of molecular theories but its use to explain the elastic 

phenomena of the liquid crystal is not obvious as it involves the response 

of bulk liquid crystal samples to external disturbances. Elastic behaviour of 

the liquid crystal can be more conveniently explained by regarding liquid 

crystal as a continuous medium with a set of elastic constants. Based on 

this viewpoint, Zocher [65], Oseen [66], and Frank [67] developed a 

phenomenological continuum theory of liquid crystals which can 

successfully explain the various magnetic or electric field induced effect of 

liquid crystals. 
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. According to the continuum theory of liquid crystals, the elastic part 

of the internal energy density of a perturbed liquid crystal is given by the 

equation: 

Fdef = (1/2) [ Ku ( V. n i + K22 ( n. V x n i + K33 ( n x V x n i ] 
2.47 

where the constants K11, Kz2, K33 are, respectively, termed as the splay, 

twist, and bend elastic constants and are named collectively known as the 

Frank elastic constants. n is the director. Furthermore, Fdef must be positive 

in order to give stability for the uniformly aligned state, all the elastic 

constants ( Kn, K22, K33) must be positive. 

2.17 Freedericksz transition: 

The elastic constants of the liquid crystals can be determined by 

various methods, of which Freedericksz transition is one of the simplest 

and convenient methods. The term Freedericksz transition refers to the 

deformation of a thin layer of nematic liquid crystal sample with a uniform 

director pattern in an external electric [ 68-71] or magnetic field [72-79]. 

Freedericksz observed that when a planar surface aligned nematic liquid 

crystal cell is subjected to magnetic field normal to the director then the 

cell undergoes an abrupt change in its optical properties if the strength of 

the external field exceeds the threshold value, known as the critical field. If 

the nematic liquid crystals have positive diamagnetic anisotropy or 

dielectric anisotropy, then as the field exceeds the critical value, the 

director starts to align along the external field. Depending on the geometry 

of the arrangement, we can det~rmine, splay, twist or ~end elastic constants 
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Figure 2.4. (a) An ordered liquid crystal in equilibrium configuration. 
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from Freedericksz transition in the magnetic field. It Is shown 

schematically in Figures 2.4 and 2.5 respectively. 

To explain the Freedericksz transition, I have considered a uniform 

planer layer i.e. is splay mode of nematogenic sample, and is shown in 

Figure (2.5a). Suppose the magnetic field is applied. along the z-axis. When 

the field increases there is a gradual change in the director pattern once H 

exceeds a threshold value He. When H < He, the equilibrium state is shown 

in Figure 2.6(a) where the director is everywhere parallel to they-axis. In 

this case a small fluctuation of the director will be damped because the 

stabilising elastic torque is greater than the de-stabilising magnetic torque. 

When H > He, the system will undergo transition to unstable equilibrium 

state whereby at the slightest fluctuation the system jumps to one of the 

two stable states as shown in Figures 2.6(b) and 2.6(d). 

The threshold magnetic field for the splay, bend or twist deformation 

is related to the elastic constants by the equation: 
. 1/2 

(He )i = ( Ku/Ax.) (1t I d) 2A8 

where d is the sample thickness, Ax. is the diamagnetic anisotropy 

and (Hc)i is the respective critical magnetic field.Also the subscript i = 1 ,2,3. 

refers to the splay, twist and the bend deformation respectively. 

2.18 Description of Experimental set-up for determination 

of K11 and K33: 

The apparatus of the determination of the elastic constants (K11 and 

K33) has been designed and fabricated in our laboratory by M. K. Das and 

R. Paul [64]. The block diagram of the set-up has been shown in Figure . 

2.7. 
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Figure 2.6. Schematic representation of the deformation of the director 

pattern when H > He in the case of the splay mode. 
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Figure 2.7 Schematic representation of the experimental set-up for elastic 

constant measurements. 
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The experimental sample was taken in a glass cell prepared from 

microscope slides. The cell was housed in a solid brass oven which has a 

groove at the proper angle and it also acts as a thermostat. The temperature 

was measured and controlled within an accuracy of ± 0.5 ° C by means of a 

copper-constantan thermocouple inserted in the brass block and a 

temperature regulator (Indotherm model 457). A sodium D-light was used 

as a source which was allowed to incident on the sample through a lens (L ), 

polarizer (P) and collimating circular slits (C1,C2). The polarizer (P) and the 

analyser (A) were crossed at ±45° relative to the vertical axis. The 

transmitted light intensity was monitored by a photomultiplier tube (M) 

whose output was also measured by a nano-ammet~r. The magnetic field 

was applied perpendicular to the director. For the Freedericksz transition to 

occur, the director must be truly oriented at right angle to the external field. 

In order to ensure this exact alignment, the brass oven was mounted on a 

specially· constructed platform whose alignment with respect to the field 

could be adjusted to an accuracy of 1-2' of arc. Further, the platform itself 

rested on levelling screws so that the alignment of the sample could be 

varied in every possible manner. The magnetic field intensity was varied 

slowl:y so that the nematic orientation remains in equilibrium with the 

. applied magnetic field. The intensity of transmitted light _was measured as 

the function of the applied magnetic field for any desired temperature. It 

was observed that when the field (H) exceeds a critical value (He) then 

there was an abrupt change in the optical properties of the sample. Thus we 

could measure the threshold field intensity (He) from the field versus 

intensity curve within an accuracy of ± 10 Gauss. The magnetic field was 

measured using a Hall-probe Gaussmeter (Model DGM-l 02). 
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The cell used in the experiment was made of two pieces of glass cut 

out from microscope slides with sides of 1 inch and 3/4 inch. The glass 

plates were cleaned by different cleaning agents and subsequently dried 

and treated for homeotropic or homogenous alignment as required. The 

smaller glass piece was centred on the larger piece separated by a thin 

glass-spacer of 150J.tm thickness. The actual thickness of the sample was 

measured by a microscope. The splay elastic constant (Ku) was measured 

by using homogenous planar aligned cell which was prepared by treating 

the inside surface of the glass plate with 1% aqueous solution of polyvinyl 

alcohol dried and then rubbed the layer in one direction with tissue paper. 

The bend elastic constant (K33) was measured by using homeotropic cells 

which were prepared by the surface treatment of the glass plates with 

lecithin. 

When the magnetic field intensity was increased beyond the critical 

value He, the transmitted light intensity exhibits oscillations due to the 

change of the phase retardation. 

The threshold field for twist deformation cannot be detected 

optically when viewed along the twist axis. Due to the large birefringence 

of the medium for this direction of propagation, the state of polarisation of 

the transmitted beam is indistinguishable from that of the emerging beam 

from the untwist nematics. A total internal reflection technique can be used 

to measure the K22 values of the twist deformation. In my present work 

however, I have measured only Ku and K33 for ten different nematic liquid 

crystals. 
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Structure and chemical name of the liquid crystals studied: 

The chemical names of the liquid crystals studied in the 

present investigation and their structural formula are given below: 

I & 2. <?nH2n+I----@-coo ---@-eN· 

(i) n = 3, p-cyanophenyl trans- 4- propyl cyclohexane carboxylate. 
( CPPCC in short). 

(ii) n = 4~ p-cyanophenyl trans- 4 - butyl cyclohexane carboxylate. 
( CPBCC in short ). 

p- butoxyphenyl trans- 4 - propyl cyclohexane carboxylate. 
( BPPCC in short ). 

4. CsH11 ----@-coo---@-o -cs H11 

p- pentoxyphenyl trans- 4 - pentyl cyclohexane carboxylate. 
(PPPCC in short). 

(i) n- 5, 4 -n-pentyl phenyl- 4- n' pentyloxy benzoate. 
(ME 50.5 in short). 
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7. 

(ii) n 6, 4 -n-pentyl phenyl- 4 - n' hexyloxy benzoate. 
(ME 60.5 in short). 

CsHn CN 

4 - n - pentyl - 4 - n'- cyanobiphenyl. ( 5CB in short ). 

8&9. NCS 

(i) n= 10, 4- (trans- 4'- n- decyl cyclohexyl) isothiocyanatobenzene. 
0 

( 10 CPS in short). 

(ii)n 12, 4 - (trans - 4'- n- dodecyl cyclohexyl ) isothiocyanatobenzene. 
( 12 CPS in short }. 

II. 

CN 

4 - dodecyloxy - 4'- cyanobiphenyl. ( 120CB in short ). 

4 - cyanobiphenyl- 4'- yl- 4 - heptylbiphenyl - 4 - carboxylate. 
( 7CBB in short). 
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12 & 13-. · CnHzn+t 

(i) n= 3, 3E-n-butene-phenyl-( 4-cyclohexane-4' -n-propane )-ether 

{ 3CPOd {3)1 in short } 

(ii) n= 5, 3E-n-butene-phenyl-( 4-cyclohexane-4' -n-pentane )-ether 

f 5CP0d (3) 1 in short } 
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The liquid crystals 1, 2, 3, 11 & 12 were obtained from Ho:ffinann­

La Roche, Basel, Switzerland; the liquid crystals 4, 5 & 6 were obtained 

from E. Merck, UK; and the crystals 7, 8, 9 & 10 were donated by Prof R. 

- Dabrowski, Institute of Chemistry, Military University of Technology, 

Warsaw, Poland. All the samples 'YereJ obtained in the pure state and were 

studied without further purification. 
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CHAPTER-3 

X-ray diffraction stud_ies and measurement of density, refractive 

indices, magnetic susceptibility anisotropy, splay and bend 

elastic constants of four cyclohexane carboxylate compounds. 
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In this chapter, I shall present ~xperimental data on four liquid· 

crystalline compounds. The compound _ studied with their chemical 

structures and transition temperatures are given below: 

I. p-cyanophenyl trans-4-propyl cyclohexane carboxylate. 

II. 

( CPPCC in short) 

C3H7 -Cy-COO-Ph-CN 

54.5 °C 70 °C 

p-cyanophenyl trans-4-butyl cyclohexane carboxylate. 

( CPBCC in short) 

_C4H9-Cy-COO-Ph-CN 

55 °C 68.3 °C 
K N< >I 

<29.5 °C 

III. p-butoxyphenyl trans-4-propyl cyclohexane carboxylate. 

( BPPCC in short) 

C3H7 -Cy-COO-Ph-O-C4H9 

72.6 °C 
K <---> N <--->I 

IV. p-pentoxyphenyl trans-4-pentyl cyclohexane carboxylate. 

( PPPCC in short) _ 

C5Hll-Cy- COO-Ph-O-C5Hll 

33.5 °C 35.4 °C 75 °C 
K< >S< >N< >I 

( Ph Phenyl ring, Cy = Cyclohexyl ring) 
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The transition temperatures were recorded by observing the textures 

under a polarising microscope using Mettler FP 80/ 82 hot stage. The 

transition temperatures agreed with t~ose given in the literature [1] and the 

compounds were used without further purification. The physical properties 

studied were density, refractive index, magnetic susceptibility anisotropy, 

and bend and splay elastic constants. X-ray diffraction photographs of all 

the compounds in their mesophase were also taken. All the experiments 

covered the full mesomorphic temperature ranges of the substances. The 

respective expeilmental procedures have been described in detail in 

Chapter 2 of this thesis. 

Figures 3.1- 3.4 give· the temperature variation of density of CPPCC, 

CPBCC, BPPCC and PPPCC. For all the compounds the density decreases 

monotonically with increasing temperature and there is a small density 

change at the nematic-isotropic transition temperature. Only PPPCC has a· 

smectic phase and it appears that the density changes continuously at the 

smectic to nematic transition. 

The temperature variation of ordinary and extraordinary refractive 

indices .for CPPCC, CPBCC, BPPCC and PPPCC at four different 

wavelengths are given in Figures 3.5 to 3.8. The density and refractive 

indices (at differ~nt wavelengths) of CPPCC, CPBCC and PPPCC have 

already been reported by Takahashi et al [2] and their values agree with our 

values within experimental errors. However, they have not calculated order 

parameters from their data, whereas we have calculated the order 

parameters and compared these values with those obtained from magnetic 

susceptibility and x-ray diffraction studies. 

The values of deJ;lSities, ordinary and extraordinary refractive indices 

at different temperatures for CPPCC,. CPBCC, BPPCC and PPPCC at 
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wavelengths of 4358 A, 5461 A, 5780 A and 6907 A are given in Tables 3.1 

to 3.4. The respective polarisabilities calculated for these four mesogens 

using Vuks procedure (equation 2.24 & 2.25) are tabulated in Tables 3.5 to 

3.8. The same polarisabilities calculated following Neugebauer method 

(equations 2.22 &2.23) are given in Tables 3.9 _to 3.::12. The polarisability 

anisotropies in the perfectly aligned ( < P2 > = 1 ) samples have been 

determined by Haller,s extrapolation procedure (Chapter 2) and have been 

given in the respective Table. The order parameters calculated using Vuks 

polarisability values are tabulated in Tables ~.13 to 3.16 for CPPCC, 

CPBCC, BPPCC and PPPCC. Finally, the order parameters of these four 

meso gens using Neugebauer polarisability values are given in Tables 3.17 

to 3.20. Though for all the four compounds the polarisability anisotropy 

calculated from Vuks method are larger than those calculated from 

Neugebauer procedure, the order parameters from these two methods agree 

within± 0.01 %. Mitra et al[3], for some other mesogens, also observed 

that the Vuks and Neugebauer procedures give almost same order 

parameter values, though the polarisability anisotropies were different. 

The x-ray diffraction photographs from the mesophases of CPPCC, 

CPBCC, BPPCC and PPPCC at different temperatures are shown in plates 

3a-3i. The samples were aligned in a magnetic field of about 5 Kilogauss. 

The angular distribution of x-ray intensities (in arbitrary scale ), after 

correction for background and conversion from optical densities to x-ray 

intensities, for the outer diffraction arc for CPPCC at five different 

temperatures are tabulated in Table 3.21. The. corresponding orientational 

distribution functions calculated by Leadbetter method (equation 2.16) are 

shown in Table 3.22. Similarly Tables 3.23 and 3.24 give the x-ray 

intensities and distribution function respectively for CPBCC. For BPPCC 
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the corresponding values are tabulated in Tables 3.25 and 3.26. Tables 3.27 

and 3.28 similarly give the x-ray intensity and distribution function values 

for PPPCC. The orientational order parameters < P2 > and < P4 > of 

CPPCC, CPBCC, BPPCC and PPPCC at different temperatures are 

tabulated in Tables 3.29 to 3.32. 

Th~ apparent molecular lengths of CPPCC and CPBCC in the 

mesophase, as obtained from the inner x-ray diffraction arc are given in"' 

Table 3.33 and 3.34. Tables 3.35 and 3.36 give the corresponding apparent 

molecular lengths for BPPCC and PPPCC respectively. The temperature 

variation of the apparent molecular lengths of all the four mesogens are 

shown in Figure 3.9a to 3.9d. The model lengths of these molecules in their 

fully extended form have been determined and are noted in the respective 

tables. It can be seen that for the two cyano compounds (CPPCC and 

CPBCC) the ratio of apparent molecular lengths to their model molecular 

lengths are nearly 1.4, showing formation of a molecular association 

( dimers) in the mesophase. This is in accordance with x-ray diffraction 

observation on cyanobiphenyls [4], where this ratio of apparent to model 

molecular lengths are. also about 1.4. The other two compounds have no 

terminal polar groups and the ratio of apparent to model molecular lengths 

are 1.09 and 1.15 for BPPCG and PPPCC respectively, showing that even 

if there are association of .molecules in the mesophase of these compounds, 

· their apparent length is almost equal to the model length of single 

molecule. In fact, PPPCC forms cybotactic nematic phase, that means its 

molecules form small smectic like clusters. It may be mentioned that in 

PPPCC, we have observed a smectic phase between 33.5 °C to 35.4 °C 

from texture studies. However, the smectic phase could not be identified 

from x-ray diffraction pattern (Plate · 3g) since the sample could 
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Plate 3a: X-ray diffraction photograph of the oriented sample in the 

nematic phase of CPPCC at 50°C. 

c__ _________ ----------c------------ --

Plate 3b: X-ray diffraction photograph of the oriented sample m the 

nematic phase of CPPCC at 69°C. 

Plate 3c: X-ray diffraction photograph of the oriented sample m the 

nematic phase ofCPBCC at 30.5°C. 
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------------- -------- --

Plate 3d: X-ray diffraction photograph of the oriented sample m the 

nematic phase of CPBCC at 65°C. 

--- --~- ·---- --

Plate 3e: X-ray diffraction photograph of the oriented sample in the 

· nematic phase of BPPCC at 45°C. 

. . 

Plate 3f: X-ray diffraction photograph of the oriented sample in the nematic 

phase ofBPPCC at 70°C. 
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Plate 3g: X-ray diffraction photograph of the partially oriented sample in 

the smectic phase ofPPPCC at 35°C. 

----------------------------

Plate 3h: X-ray diffraction photograph of the oriented sample m the 

nematic phase ofPPPCC at 40°C: 

-------- ------------ -----

Plate 3i: X-ray diffraction photograph of the oriented sample in the nematic 

phase ofPPPCC at 74.5°C. 
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not be aligned in ·the applied magnetic field of about 5 Kilogauss. 

Moreover, even in the nematic phase of this compound, strong smectic like 

inner spot were observed in the x-ray pattern upto 40 °C(Plate 3h). Hence, 

PPPCC has cybotactic nematic phase below 40 °C. Above 40°C the x-ray 

diffraction pattern is like normal nematic(Plate3i). 

The experimental magnetic susceptibility values at different 
J 

temperatures along the director for CPPCC, CPBCC, BPPCC and PPPCC 

are tabulated in Tables 3.37 to 3AO. The values of respective magnetic 

·susceptibilities ih the isotropic phases are also given in these Tables. The 

magnetic susceptibility· anisotropies in the perfectly ordered state, 11xo , 

have been determined by Haller's extrapolation (Chapter 2) procedure and 

are noted in the respective Table. The calculated magnetic susceptibility 

anisotropy (11X) and order parameter values are also shown in these tables. 

The temperature variation of magnetic anisotropy for all these four 

mesogens have been shown in Figures 3.10 to 3.13. In all these compounds t 

11x decreases ·monotonically with increasing temperature and shows a 

discontinuity at the nematic to isotropic phase transition. 

The temperature variation of order parameter values obtained from 
' 

refractive index, magnetic susceptibility and x-ray diffraction studies for 

CPPCC, CPBCC, BPPCC, and PPPCC are shown in Figures 3.14, 3.15, 

3.16 -and 3.17 respectively. The theoretical Maier-Saupe order parameter 

values are also shown in these figures. For all the mesogens the trend is 

similar. At temperatures much below the nematic to 'isotropic transition, 

the experimental order parameter values are somewhat greater than the 

Maier-Saupe calculated values. Near the transition temperature the values . 

. of order parameters obtained from refractive index and magnetic 

susceptibility studies decreases rapidly with increasing temperature, so that 
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Figure 3.12. Temperature variation of the anisotropy of the diamagnetic susceptibility (Ax.). 
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these values are lower than the theoretical values. The order parameters 

from x-ray diffraction studies on the other hand follow the Maier-Saupe 

values closely near the clearing temperature. The rapid variation of < P2 > 

obtained from refractive index and magnetic susceptibility data near the N­

I transition temperature has been observed by many workers [5-9]. This 

may be due to fluctuations of the director, which is more pronounced near 

the transition temperature. Moreover, in the present study ·all the four 

compounds have cyclohexane ring, which may vibrate more with the rise 

of temperature and thus lower the order parameter in addition to the 

lowering effect due to the aliphatic chain vibrations. However, x-ray 

studies do not show such rapid decrease of order parameter near the 

transition. This may be due to the fact that the x-ray diffraction pattern 

(outer arc) is due to the neighbouring molecules, hence we essentially 

measure the short range order parameter, which changes less rapidly near 

the transition temperature. In effect, we are measuring different order 

parameters depending upon the experimental method used and hence this 

discrepancy between different experimentally determined order parameter 

values. 

The splay and bend, elastic constants of CPPCC, CPBCC, BPPCC 

and PPPCC have been determined by observing Freedericksz transition in a 

magnetic field. The full experimental details of the experiment have been 

given in Chapter 2. The splay and bend elastic constant values together 

with the critical magnetic fields at different temperatures for the 

·compound CPPCC are given in the Tables 3.41 and 3.42 respectively. The 

sample thicknesses and the interpolated values of the magnetic 
' 

susceptibility anisotropy are also given in the Tables. Similarly K11 and K33 

values of CPBCC are shown in Tables 3.43 and 3.44 respectively. The 
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. splay and beri.d elastic constant values for BPPCC and PPPCC are tabulated 

in Tables 3.45 to 3.48. The ratios of bend to splay elastic constants 

(K331Ktt) at different relative temperatures for these four mesogtms are 

given in Tabl~s 3.49 and 3.50. The temperature variation of splay and bend 

elastic constants for CPPCC, CPBCC, BPPCC, and PPPCC are shown in 

Figures 3.26 to 3.29. Scharkowski et al [1 0] have given a figure showing 

the variation of K33/Kn ·with reduced temperature for the two cyano 

compounds (CPPCC and CPBCC) studied by us. However, they have not 

given the values of K11 an.d K33 separately, so we (fannot compare our 

splay and bend elastic constant values with their values directly. Our bend 

to splay ratios show similar temp~rature variations as observed by 

Scharkowski et al [1 0]. In both CPPCC and CPBCC the ratios are always 

greater than 1 and increases with decreasing temperatures. The ratios are 

somewhat larger for CPPCC than for CPBCC. However, our bend to splay 

elastic constant ratios are almost 15% smailer. than those given . by 

Scharkowski et al. We are unable to explain this discrepancy, since 

individual Kn and K33 values are not given by them. The other . two 

mes~gens (BPPCC and PPPCC) have the bend to splay ratios less than 1 at 

all temperatures. Schadt et al [11] have also reported that K33/K11 is less 

than_ 1 . for related compound 5CEP03 in which the pentyloxy group in 

PPPCC has been replaced by propyloxy group. In BPPCC the K33/Kn ratio 

increases slowly as the temperature decreases as in CPPCC ID:ld CP~CC. · 

However, in PPPCC the bend to splay ratio _decreases quite rapidly with 

decreasing temperatures. It may be mentioned that from the x-ray 

diffraction studies PPPCC . shows cybotactic nematic phase. In the 

cybotactic nematic phase small groups of molecules show smectic like 

order. It has been· pointed out by Bradshaw et al [12] that smectic like 
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Figure 3.24.Bend elastic constant ( ~3 ) as a function of relatiw 
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local ordering in nematogens increases K11 and thus lowers the value. of 

K 33/K.11 . The temperature variation of K11 in PPPCC indeed shows rapid 

change (Figure 3.21). Hence the decrease in the K33/K.u ratio in PPPCC 

with decreasing temperature. can safely be attributed to the presence of 

smectic like cybotactic groups. 

According to Schadt et al [I 1 ], the K33/K11 ratio in polar compounds 

are larger than non-polar compounds having related structure. Thus we find 

that polar CPPCC and CPBCC have K33/K.u greater than 1, whereas in 

their related non-polar compounds BPPCC and PPPCC the same ratio is 

less than 1. 
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Table 3.1a 

Density (p) and refractive indices (no, De) at different 

temperatures of Sample CPPCC. 

Density "A=6907 A "A= 5780A 

in gm/cc flo I De flo I De 

1.068 1.464 1.564 1.471 1.571 

1.066 1.464 1.561 1.471 1.568 

1.063 1.464 1.557 1.471 1.564 

1.057 1.464 1.550 1.471 1.557 

1.053 1.471 1.543 1.479 1.550 

1.049 1.475 1.536 1.482 1.543 

1.044 1.493 1.500 

Table 3.1b 

Density (p) and refractive indices (no, De) at different 

temperatures of Sample CPPCC. 

Density "A= 5461 A "A= 4358 A 

in gm/cc flo I De flo I De 

1.068 1.479 1.579 1.489 1.589 

1.066 1.479 1.575 1.489 1.586 

1.063 1.479 1.571 1.489 1.582 

1.057 1.479 1.564 1.489 1.575 

1.053 1.486 1.557 1.496 1.568 

1.049 1.489 1.550 1.050 1.561 

1.044 1.507 1.521 
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Table 3.2a 

·Density (p) and refractive indices (no, ne) at different 

temperatures of Sample CPBCC. 

Density /...=6907 A A.=5780A 

in gm/cc llo I De Ilo I De 

1.049 1.472 1.592 1.479 1.599 

1.047 1.472 1.588 1.479 1.595 

1.045 1.472 1.585 1.479 1.592 

1.041 1.472 1.577 1.479 1.585 

1.035 1.472 1.570 1.479 1.577 

1.032 ' 1.472 1.563 1.479 1.570 

1.026 1.472 1.556 1.479 1.563 

1.023 1.474 1.549 1.481 1.556 

1.019 1.477 1.542 1.484 1.549 

1.016 1.479 1.535 1.486 1.542 

1.013 1.493 . 1.500 
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· Table 3.2b 

Density (p) and refractive indices (no , De ) at different temperatures 

of Sample CPBCC. 

Temp. Density A.= 5461 A A.=4358A 

in °C in gm/cc llo I lle llo I lle 

30 1.049 1.486 1.606 1.496 1.616 

34 1.047 1.486 1.602 1.496 1.612 

37 1.045 1.486 1.599 1.496 1.609 
I 

43 1.041 1.486 1.592 1.496 1.602 

49 1.035 1.486 1.585 1.496 1.595 

54 1.032 1.486 1.577 1.496 1.588 

59 1.026 '1.486 .. 1.570 1.496 1.581 
' 

62 1.023 1.488 1.563 1.498 1.574 

65 1.019 1.491 1.556 1.501 1.567 

67 1.016 1.493. 1.549 1.504 1.560 

69 1.013 1.507 1.518 
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Table 3.3a 

Density (p) and refractive indices (no , De ) at different temperatures 

of Sample BPPCC. 

Temp. Density A-=6907 A A-=5780A 

in°C in gm/cc Do l fie Do l fie 

43 0.993 1.452 1.556 1.459 1.563 

48 0.989 1.451 1.551 1.458 1.558 

51.5 0.985 1.451 1.548 1.457 1.554 

55 0.983 1.450 1.544 1.457 1.551 

60 0.979 1.449 1.537 1.456 1.544 

63 0.976 1.449 1.531 1.456 1.537 

68 0.972 1.449 1.524 1.456 1.531 

70 . 0.970 1.456 1.517 1.463 1.524 

73 0.964 1.476 1.483 
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Table 3.3b 

Density (p) and refractive indices (no, 11e) at different temperatures 

of Sample BPPCC. 

Temp. Density A.= 5461 A A-=4358A 

in°C in gm/cc Do I De Do l De 

43 0.993 1.466 1.570 1.476 1.580 

48 0.989 ' 1.465 1.565 1:475 1.575 

51.5 0.985 1.464 1.561 1.474 1.571 

55 0.983 1.464 1.558 1.474 1.568 

60 0.979 1.463' 1.551 1.473 1.561 

63 0.976 1.463 1.544 1.473 1.554 

68 0.972 1.463 1.537 1.473 1.548 

70 ' 0.970 1.469 1.531 1.480 1.541 
' 

73 0.964 1.490 1.500 
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Table 3.4a 

Density (p) and refractive indices (no, De) at different temperatures 

of Sample PPPCC. 

Temp. Density A-=6907 A A.= 5780A 

in °C in gm/cc flo I l1e flo I l1e 

33 0.981 1.469 1.560 1.476 1.567 
\ 

36 0.977 1.469 1.559 1.476 1.566 .• 

38.4 .0.976 1.469 1.559 1.476 1.565 

42 0.973 1.469 1.558 1.476 1.565 

46 0.970 1.468 1.555 1.475 1.562 

49 0.9()7 1.467 1.553 1.474 1.560 

52 0.965 1.467 1.551 1.473 1.558 

56 0.962 1.466 1.548 1.472 1.554 

60 0.958 1.464 1.544 1.471 . 1.551 

64 0.955 1.463 1.540 1.470 1.547 

67 0.952 1.463 1.537 1.469 1.544 

71 0.948 1.464 1.531 1.471 1.537 

74 0.944 1.466 1.524 1.473 1.531 

76 0.941 1.483 1.490 



110 

Table 3.4b 

Density (p) and refractive indices ·(no , De) at different temperatures 

of Sample PPPCC. 

r 

Jemp~ Density A.= 5461 A A.=4358A 

in°C in gm/cc Do I De .Do I De 

33 0.981 1.483 1.573 .1.493 1.584 

36 0.977 1.483 1.573 1.493 1.583 

38.4 0.976 1.483 1.572 1.493 1.582 

42 0.973 1.483 1.571 1.493 1.582 

46 0.970 1.482 1.569 1.492 1.579 

49 0.967 1.481 1.567 "1.491 1.577 

52 0.965 1.480 1.565 1.490 1.575 

56 0.962 1.479 1.561 1.489 1.571 

60 0.958 1.478 1.558 1.488 1.568 

64 0.955 1.477 1.554 1.487 1.564 

67 0.952 1.476 1.551 1.486 1.561 

71 0.948 1.478 1.544 1.488 1.554 

74 . 0.944 1.480 1.537 1.490 1.548 

76 0.941 1.497 1.507 
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Table 3.5 

Polarisability ( a.o, a.e) at different temperatures of sample CPPCC 

by Vuks method. 

Temp. /...=6907 A 'A=5780A 'A= 5461 A 'A=4358A 

in °C Uo I Ue Uo I Ue Uo I Ue Uo I Ue 

50 27.11 34.28 27.46 34.64 27.82 35.00 28.35 ~5.51 

54 27.19 34.11 27.54 34.48 27.90 34.83 28.43 35.36 

58 27.30 33.99 27.65 34.34 28.01 34.70 28.55 35.23 

63 27.50 33.70 27.85 34.07 28.22 34.42 28.75 34.96 

66 28.04 33.23 28.41 33.59 28.77 33.95 29.31 34.48 

69 28.40 32.82 28.77 33.19 29.13 33.55 29.88 34.03 

Uo & Ue are in 10-24 cm3 unit. 
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Table 3.6 . 

Polarisability ( a 0 , ae) at different temperatures of sample CPBCC 

by Vuks method. 

Temp. A-=6907 A 'A=5780A 'A= 5461 A 'A=4358A 

in °C Uo I Ue Uo I Ue Uo I Ue Uo I Ue 

30 29.29 38.50 29.66 38.88 30.04 39.23 30.59 39.79 

34 29.38 38.29 29.75 38.66 30.13 39.04 30.68 39.59 

37 29.46 38.16 29.83 38.53 30.21 38.90 30."76 39.45 

43 29.63 37.81 30.00 38.19 30.38 38.56 30.94 39.12 

49 29.82 37.50 30.20 37.87 30.58 38.25 31.15 38.81 

54 29.99 37.13 30.37 37.51 30.75 37.89 31.32 38.45 

59 30.21 36.84 30.60 37.22 30.98 37.61 31.55 3 8.17 

62 30.46 36.41 30.85. 36.79 31.24 37.18 31.81 37.74 

65 30.80 35.97 31.18 36.36 . 31.57 36.74 32.14 37.32 

67 31.09 35.54 31.48 35.92 31.86 36.31 32.45 36.89 

Uo & Ue are in 10-24 cm3 unit. 
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Table.3.7 

Polarisability ( U 0 , ae) at different temperatures of sample BPPCC 

by Vuks method. 

Temp. A= 6907 A A= 5780A A= 5461 A A= 4358 A 

in°C Uo I Ue Uo I Ue Uo I Ue Uo I Ue 

43' 33.43 42.83 33.87 43.27 34.29 43.69 34.94 44.34 

48 33.52 42.60 33.97 43.02 34.39 43.46 35.04 44.09 

51.5 33.62 42.47 34.06 42.91 34.49 43.34 35.15 43.98 

55 33.69 42.31 34.13 42.75 34.56 43.18 35.22 43.83. 

60 33.80 41.92 34.25 42.36 34.69 42.81 35.35 43.46 . 
·63 33.97 41.48 34.42 41.93 34.86 42.37 35.53 43.02 

68 34.18 41.09 34.62 41.53 35.07 41.98 35.74 42.64 

70 34.80 40.47 35.25 40.91 . 35.70 41.35 36.36 42.01 

Uo & Ue are in 1 o-24 cm3 unit. .. 
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Table 3.8 

Polarisability ( a.0 , a.e ) at different temperatures of sample PPPCC 

by Vuks method. 

Temp.· A-=6907 A A.=5780A A.= 5461 A A.=4358A 

. oc m. ao I Ue ao I ae ao I ae ao I ae 

33 39.68 4906 4017 . 49.54 40.66 50.04 41.39 50.76 

36 39.82 49.17 . 40.32 49.65 40.81 50.15 41.54 50.87 

38.4 39.89 49.19 40.39 49.68 40.88 50.17 41.61 50.91 

42 40.00 49.23 40.49 49.73 A0.99 50.22 41.72 50.96 

46 40.07 49.17 .40.57 49.67 41.07 50.16 41.81 ·50.90 

49 40.14 49.14 40.64 49.63 41.14 50.13 41.88 50.87 

52 40.19 49.08 40.69 49.57 41.19 50.07 41.93 50.81 

56- 40.24 48.91 40.75• 49.41 41.25 49.91 42.00 50.65 -

60 40.34 48.79 40.85 49.31 41.35 49.80 42.10 50.56 

64 40.42 48.61 40.93 49.11 41.44 49.62 42.19 50.37 

67 40.53 48.53. 41.05 49.03 41.55 49.55 42.31 50.30. 

71 40.87 48.00 41.39 48.51 41.90 49.02 42.66 49.78 

74 41.28 4T49 41.80 48.00 42.31 . 48.53 43.08 49.29 

ao & ae are in 1 o-24 cm3 unit. 
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Table 3.9 

Polarisability ( <I0 , <Ie) at different temperatures of sample CPPCC 

by Neugebauer method. 

Temp. 'A=6907 A 'A=5780A 'A= 5461 A 'A=4358A 

in°C <lo I <le <lo I <le <lo I <le <lo I <le 

50 27.50 33.50 27.85 33.85 28.22 34.19 28.76 34.70 

54 27.57 33.36 27.92 33.72 28.29 34.06 28.83 34.57 

58 27.66 33.26 28.02 33.61 28.38 33.96 28.92 34.47 

63 27.83 33.03 28.19 33.39 28.56 33.74 29.10 34.26 

66 28.32 32.67 28.69 33.02 29.05 33.38 29.60 33.90 

69 28.64 32.35 29.01 32.71 29.38 33.06 30.11 33.57 

<lo & <le are in 1 o-24 cm3 unit. 
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Table 3.10 

Polarisability ( <l0 , a.e) at different temperatures of sample CPBCC 

by Neugebauer method. 

Temp. 'A=6907A 'A=5780A 'A= 5461 A 'A=4358A 

in°C <lo I <le <lo I <le <lo I <le <lo ·I <le 

30 29.80· 37.47 30.18 37.83 30.57 38.18 31.13 38.72 

34 29.88 37.30 30.25 37.66 30.64 38.02 31 . .20 38.55 

37 29.94 37.19 30.32 37.55 30.70 37.91 31.27 38.44 

43 30.08 36.90 30.46 37.27 30.85 37.63 31.41 38.17 

49 30.25 36.65 30.63 37.02 31.02 37.39 31.59 37.93 

54 30.38 36.35 30.76 36.72 31.15 37.09 31.72 37.63 

59 30.57 36.11 30.96 36.49 31.35 36.87 31.93 37.42 

62 30.79 35.76 31.18 36.14 31.57 36.52 32.14 37.07 

65 31.08 35.41 31.47 35.79 31.85 36.17 32.44 36.74 

67 31.33 35.06 31.72 35.43 32.11 35.82 32.70 36.39 

<lo & <le are in 1 o-24 cm3 unit. 
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Table 3.11 

Polarisability ( a 0 , ae ) at different temperatures of samp~e BPPCC 

by Neugebauer method. 

Temp. A-=6907 A A.= 5780A A.= 5461 A A.=4358A 

in°C Uo I Ue Uo I Ue Uo I Ue Uo I Ue 

43 33.93 41.83 34.37 42.25 34.81 42.66 35.46 43.29 

48 34.01 41.63 34.45 42.05 34.89 42.47 35.54 43.09 

51.5 34.09 41.53 34.53 41.96 34,.97 42.39 35.63 43.01 

55 34.14 41.40 34.59 41.83 35.03 42.25 35.70 42.88 

60 34.23 41.07 34.68 41.50 35.12 41.94 35.79 42.57 

63 . 34.36 40.70 34.81 41.14 35.26 41.57 35.93 42.21 

68 34.53 40.37 34.98 40.81 35.43 41.24 36.11 41.90 

70 35.10 39.88 35.55 40.32 36.00 40.75 36.67 41.40 

ao & ae are in 10-24 cm3 unit. 
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Table 3.12 

Polarisability ( a 0 , ae) at different temperatures of sample PPPCC 

by Neugebauer IJlethod. 

Temp. A-=6907 A 'A=5780A 'A=5461A 'A=4358A 

in°C ao I ae ao .J ae ao l <le ao l ae 

33 40.19 48.04 40.69 48.51 41.18 48.99 41.92 49.70 

36 40.33 48.15 40.83 48.62 41.33 49.10 42.07 49.81 

38.4 40.40 48.18 40.90 48.66 41.40 49.13 42.14 49.85 

42 40.50 48.23 41.00 48.71 41.50 49.19 42.25 49.91 

46 40.57 48.19 41.07 48.67 41.57 49.15 42.32 49.87 

49 40.63 48.17 41.13 48.65 41.64 49.14 42.39 49.86 

52 40.67 48.12 41.17 48.60 41.68 49.09 42.43 49.81 

56 40.71 47.98 41.22 48.47 41.73 48.96 42.48 49.68 

60 40.79 47.89- 41.30 48.39 41.82 48.87 42.58 49.61 

64 40.86 47.74' 41.37 48.23 41.88- 48.73 42.65 49.46 

67 40.96 47.68 41.47 48.17 . 41.99 48.68 42.76 49.42 

71 41.25 47.25 41.77 47.75 42~28 48.25 43.05 49.00 

74 41.61 46.83 42.13 47.34 42.65 47.85 43.43 48.60 . 

<lo & <le are in 1 o-24 cm3 unit. 
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Table 3.13 ' 

Order parameter < P2 > of sample CPPCC at different 

temperatures by Vuks method. 

(au - aJ..) = 12.02 in 10-24 cm3 unit. 

A-=6907 A A.=5780A A-=5461 A A.=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.596 0.591 0.597 0.596 .595 

0.578 0.576 0.576 0.576 0.576 

0.557 0.557 0.557 0.556 0.557 

0.516 0.517 0.516 0.517 0.516 

0.432 0.431 0.431 0.430 0.431 

0.368 0.367 0.367 0.345 0.362 
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Temp. 

in°C 

30 

34 

37 

43 

49 

54 

59 

62 

65 

67 

Table 3.14 

Order parameter < P2 > of sample CPBCC at different 

temperatures by Vuks method. 

( a11 - a_1_) = 13.22 in 10-24 cm3 unit. 

A-=6907 A 'A=5780A 'A= 5461 A 'A=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.697 0.697 0.695 0.696 0.696 

0.675 0.674 0.674 0.673 0.674 

0.658 0.658 0.657 0.657 0.657 

0.619 0.619 0.618 0.619 0.619 

0.580 0.580 0.580 0.579 0.580 

0.540 0.541 0.540 0.539 0.540 

0.501 0.501 0.500 0.501 0.501 

0.449 0.449 0.450 0.449 0.449 

0.391 0.391 0.391 0.392 0.391 

0.337 0.336 0.337 0.336 0.337 
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Temp. 

in °C 

43 

48 

51.5 

55 

60 

63 

68 

70 

Table3.15 

Order parameter < P2 > of sample BPPCC at different 

temperatures by Vuks method. 

( a11 - a1_) = 14.80 in 10-24 cm3 unit. 

A.=6907 A A.= 5780A A.= 5461 A A.=4358A Average 

<P2> <Pi> <P2> <P2> <P2> 

0.635 0.635 0.635 0.635 0.635 

0.613 0.611 0:613 0.611 0.612 

0.598 0.598 0.598 0.597 0.598 

0.582 0.583 0.582 0.581 Q.582 

0.549 0.547 0.549 0.548 0.548 

0.507 0.507 0.507 0.507 0.507 

0.467 0.467 0.467 0.467 0.467 

0.383 0.380 0.382 0.382 0.382 
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in°C 

33 

36 

38.4 

42 

46 

49 

52 
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64 

67 

71 

74 
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Table 3.16 

Order parameter < P2 > of sample PPPCC at different 

temperatures by Vuks method. 

(an - a_1_) = 14.50 in 10-24 cm3 unit. 

'A=6907 A 'A=5780A 'A= 5461 A 'A=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.647 0.646 0.647 0.646 0.646 

0.644 0.643 0.644 0.643 0.643 

0.641 .0.641 0.641 0.641 0.641 

0.637 0.636 0.636 0.637 0.636 

0.628 0.627 0.627 0.627 0.627 

0.621 0.620 0.620 0.620 0.620 

0.613 0.612 0.613 0.612 0.612 

0.597 0.597 0.597 0.597 0.597 

0.583 0.583 0.583 . 0.583 0.583 

0.565 0.564 0.565 0.564 0.564 

0.552. 0.550 0.551 0.551 0.551 

0.492 0.492 0.492 0.491 0.492 

0.428 0.428 0.429 0.428 0.428 
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Temp. 

in °C 

50 

54 

58 

63 

66 

69 

Table3.17 

Order parameter < P2 > of sample CPPCC at different 

temperatures by Neugebauer method. 

(an - a1.) = 10.08 in 10-24 cm3 unit. · 

A-=6907 A A-=5780A A-=5461 A A-=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.595 0.594 0.593 0.590 0.593 

0.575 0.574 0.573 0.570 0.573 

0.556 0.555 0.554 0.551 0.554 

0.516 0.516 0.514 0.512 0.514 

0.431 0.430 0.430 0.427 0.429 

0.367 0.366 0.365 0.342 0.360 
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Temp. 

in °C 

30 

34 

-~ 37 

43 

49 

54 

59 

62 

65 

67 

Table 3.18 

Order parameter < P2 > of sample CPBCC at different 

temperatures by Neugebauer method. 

(an - a1.) = 11.04 in 10-24 cm3 uilit. 

A-=6907 A A.= 5780A A.= 5461 A A.=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.695 0.693 0.689 0.687 0.691 

0.673 0.670 0.668 0.666 0.669 

0.657 0.655 0.653 0.650 0.654 

0.618 0.617 0.614 0.612 0.615 

0.580 0.579 0.577 0.574 0.577 

0.541 0.540 0.537 0.535 0.538 

0.502 0.501 0.500 0.497 0.500 

0.451 0.449 0.448 0.447 0.449 

0.392 0.391 0.390 0.389 0.391 

0.338 0.336 0.336 0.334 0.336 
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Temp. 

in°C 

43 

48 

51.5 

55 

60 

63 

68 

70 
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Table 3.19 

Order parameter < P2 > of sample BPPCC at different 

temperatures by Neugebauer method. 

( a11 - a_1_) = 12.50 in ~0-24 cm3 unit. 

A=6907 A A=5780A A= 5461 A A =4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.632 0.630 0.629 0.626 0.629 

0.610 0.607 0.607 0.604 0.607 

0.595 0.594 0.593 0.590 0.593 

0.581 0.580 0.578 0.574 0.578 

0.547 0.546 0.545 0.542 0.545 

0.507 0.506 0.505 0.502 0.505 

0.467 0.466 0.465 0.462 0.465 

0.383 0.382 0.380 0.378 0.381 
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Temp. 

in°C 

33 

36 

38.4 

42 

46 

49 

52 

56 

60 

64 

67 

71 
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Table 3.20 

Order parameter < P2 > of sample PPPCC at different 

temperatures by Neugebauer method. 

(au --<XJ..) = 12.14 in 10-24 c~3 unit. 

/...=6907 A A.=5780A ·A.= 5461 A A.=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.647 0.644 0.643 0.641 0.644 

0.644 0.642 0.641 0.638 0.641 

0.641 0.639. 0.637 0.635 0.638 

0.637 0.635 0.633 0.631 0.634 

0.628 . 0.626 0.624 0.622 0.625 

0.621 0.619 0.618 0.615 0.618 

0.614 0.612 0.610 0..607 ·0.611 

0.599 0.597 0.595 0.593 0.596 

0.585 0.584 0.581 0.580 0.583 
c 

0.567 0.564 0.564 0.562 0.564 

0.553 0.552 0.551 0:549 0.551 
0 

0.494 0.493 0.492 0.489 0.492 

0.431 . 0.429 0.429 0.427 0.429 
I 

126 



·~. 

Taiie 3.21 

Mean experimental int(msi~alues I ( 'JI·), in arbitrary units, of 

CPPCC after background correction. 
/ 

"' I ( \jl ) values at different temperatures in ° C 

(degree) 50 I 55 I 60 I 65 I 69 

0 4.35 9.45 9.10 6.75 7.40 

5 4.10 9.00 8.90 6.65 7.20 

10 3.50 8.25 8.30 6.45 7.05 

15 2.95 7.25 7.35 6.05 6.50, 

20 2.40 5.95 6.15 5.45 5.73 

25 1.73 4.85 5.25 4.35 4:90 
t· 

30 1.18 3.80 4.07 3.50 4.05 

35 . 0.85 2.95 3.28 2.80 3.35 

40 0.60 2.25 2.80 2.25 2.65 

45 0.58 1.75 2.10 1.80 2.35 

50 0.48 1.30 1.65 1.35 1.93 

55 0.40· 1.05 1.28 1.10 1.'55 

60 0.35 0.85 1.05 0.90 1.35 

65 0.33 0.70 0.85 0.75 . 1.20 

70 0.33 0.55 0.75 0.60 1.on 

75 0.30 0.45 0.60 0.53 0.70 

80 0.29 0.40 0.45 0.43 0.50 

85 0.27 0.20. 0.20 0.28 0.30 

90 0.00 0.00 0.00 0.00 0.00 
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Table 3.22 

Normalised distribution function values f ( f3 ) of CPPCC 

f3 f (f3 ) values at different temperatures in ° C 

(degree) 50 I 55 I 60 I 65 l 69 

0 9.11 6.96 5.71 4.12 4.11 

5 8.76 6.84 5.80 4.30 4.22 

10 7.72 6.32 5.71 4.61 4.35 

15 6.15 5.27 4.95 4..54 4.10 

20 4.4~ 4.02 3.76 3.90 3.44 

25 3.07 3.02 2.78 3.08 2.75 

30 2.05 2.35 2.23 2.43 2.25 
-

35 1.34 1.84 1.89 1.93 1.88 

40 0.86 1.34 1.50 1.46 1.47 

45 0.57 0.90 1.03 1.03 1.06 

50 0.42 0.59 0.67 0.71 0.76 

55 0.35 0.43 0.49 0.53 0.62 

60 . 0.34 0.37 0.43 0.45 0.59 

65 0.33 0.32 0.40 0.39 0.56 

70 0.31 0.25 0.32 0.31 0.44 

75· 0.25 0.16 0.19 0.21 0.27 

80 0.18 0.09 0.10 0.12 0.13 

85 0.14 0.06 0.06 0.08 0.07 

90 0.13 0.05 0.04 0.07 0.06 
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Table 3.23 

Mean experimental intensity values I ( 'II ) , in arbitrary units, of 

CPBCC after background correction. 

I ( 'II ) values at different temperatures in degrees 

129 

(deg.) 30.5 1 35 I 40 J 45 J 50 I 55 l 60 l 65 1 67.5 

0 9.55 9.58 11.80 8.58 10.00 9.90 11.05 7.45 6.35 

5 9.20 9.08 11.30 8.43 9.40 9.60 10.85 7.30 6.10 

10 8.43 8.27 c_,10.50 7.85 8.45 8.95 10.00 6.98 5.65 

15 7.33 7.15 9.30 6.88 7.55 8.20 8.80 6.43 4.90 

20 5.98 6.10 7.90 5.53 6.25 6.85 7.75 5.55 4.25 

25 4.53 .4.40 5.90 4.48 4.95 5.55 6.70 4.58 3.70 

30 3.35 3.25 4.15 3.38 4.00 4.20 6.50 3.61 3.15 

35 2.35 2.38 3.05 2.48 3.05 3.20 3.80 2.95 2.65 

40 1.63 1.73 . 2.25 1.83 2.35 2.35 2.80 2.33 2.15 

45 1.18 1.18 1.65 1.30 1.70 2.00 2.40 1.93 2.00 

50 0.75 0.83 1.20 0.98 1.25 1.70 1.95 1.60 1.70 

55 0.50 0.63 0.90 0.74 1.00 1.40 1.60 1.30 1.25 

60 0.35 0.48 0.63 0.56 0.80 1.20 1.30 1.13 1.05 

65 0.24 0.35 0.50 0.43 0.58 0.90 1.10 0.10 0.80 

70 0.18 0.25 0.33 0.30 0.40 0.45 0.90 0.83 0.65 

75 0.13 0.16 0.23 0.23 0.30 0.35 0.60 0.65 0.40 

80 0.10 0.09 0.13 0.15 0.15 0.25 0.30 0.40 0.20 

85 0.07 0.06 0.10 0.10 0.10 0.15 0.10 0.15 0.10 

90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 3.24 

Normalised distribution function values f ( J3 ) of CPBCC. 

f3 f ( f3 ) values at different temperatures in degrees 

(deg.) 30.5 1 35 1 40 1 45 1 5o 1 55 1 60 1 65 1 67.5 

0 7.85 7.77 6.92 6.87 7.37 6.00 6.19 4.70 5.70 

5 7.76 7.73 6.94 6.89 7.20 5.90 5.86 4.84 5.60 

10 7.31 7.34 6.76 6.68 6.55 5.57 5.08 5.01 5.16 

15 6.26 6.22 6.04 5.80 5.36 5.02 4.23 4.73 4.24 

20 4.85 4.70 4.84 4.49 4.05 4.27 3.61 3.91 3.20 

25 3.55 3.40 3.57 3.31 3.07 3.39 3.21 2.99 2.46 

30 2.56 2.50 2.53 2.48 2.43 2.48 2.80 2.29 2.06 

35 1.81 1.81 1.74 1.86 1.93 1.70 2.16 1.81 1.82 

40 1.21 1.21 1.16 1.30 1.39 1.14 1.41 1.42 1.52 

45 0.75 0.73 0.75 0.83 0.90 0.81 0.85 1.06 1.15 

50 0.45 0.45 0.50 0.52 0.58 0.65 0.56 0.77 0.85 

55 0.29 0.31 0.37 0.37 0.42 0.57 0.46 0.58 0.70 

60 0.20 0.25 0.28 0.30 0.36 0.51 0.46 0.47 0.65 

65 0.14 0.21 0.21 0.24 0.30 0.39 0.44 0.37 0.57 

70 0.09 0.14 0.13 0.17 0.21 0.24 0.32 0.27 0.39 

75 0.05 0.07 0.07 0.09 0.10 0.12 0.16 0.18 0.19 

80 0.03 0.03 0.03 0.04 0.05 0.06 0.07 0.11 0.08 

85 0.02 0.01 0.02 0.03 0.02 0.03 0.03 0.07 0.04 

90 0.01 0.01 0.02 0.02 0.02 0.03 0.02 0.06 0.03 
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Table 3.25 

Mean experimental intensity values I ( lJI ) , in arbitrary units , of 

BPPCC after background correction. 

\1' I ( lJI ) values at different temperatures in degrees 

(deg.) 45 150 155 160 165 170 172 

0 9.75 7.90 10.70 8.90 3.35 7.15 2.15 

5 9.30 7.75 10.45 8.8~ 3.25 7.10 2.10 

10 9.05 7.25 9.80 8.45. 3.00 6.95 2.00 

15 7.85 6.15 8.75 7.65 2.57 6.35 1.86 

20 5.75 4.92 7.80 6.80 2.22 5.45 1.75 

25 4.40 3.80 6.30 5.65 1.92 4.60 1.58 

30 2.95 2.76 4.60 4.20 1.47 3.90 1.35 

35 2.10 1.90 3.35 3.10 1.03 3.30 1.10 

40 1.60 1.50 2.45 2.40 0.82 2.65 0.83 

45 1.20 1.20 1.85 1.90 0.63 2.15 0.65 

50 1.10 1.00 1.45 1.50 0.53 1.70 0.55 

55 0.80 0.85 1.05 1.20 0.48 1.35 0.50 

60 0.65 0.65 0.85 0.95 0.44 1.10 0.40 

65 0.50 0.55 0.70 0.75 0.43 0.90 0.35 

70 0.45 0.32 055 0.65 0.19 0.75 0.30 

75 0.40 0.25 0.45 0.55 0.37 0.60 0.20 

80 0.35 0.20 0.40 0.50 0.30 0.50 0.10 

85 0.30 0.10 0.25 0.30 0.23 0.20 0.05 

90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 3.26 

Normalised distribution function values f ( f3 ) of BPPCC. 

J3 f (f3) values at different temperatures in degrees 

(deg.) 45 I 50 I 55 I 60 I 65 I 70 I 72 

0 7.14 7.31 5.84 4.95 6.47 4.28 4.21 

5 7.32 7.25 5.81 5.02 6.19 4.45 4.08 

10 7.47 6.90 5.64 5.08 5.51 4.66 3.76 

15 6.76 6.02 5.17 4.84 4.66 4.35 3.43 

20 5.10 4.70 4.42 4.22 3.87 3.51 3.16 

25 3.35 3.36 3.55 3.40 3.15 2.71 2.93-

30 2.12 2.29 2.69 2.59 2.45 2.23 2.60 

35 1.38 1.52 1.90 1.87 1.76 1.95 2.12 

40 0.94 1.01 1.26 1.29 1.17 1.60 1.56 

45 0.66 0.70 0.81 0.87 0.76 1.15 1.06 

50 0.47 0.53 0.54 0.61 0.54 0.78 0.75 

55 0.36 0.45 0.40 0.47 0.45 0.58 0.62 

60 0.30 0.40 0.33 0.40 0.42 0.50 0.58 

65 0.25 0.32 0.27 0.34 0.41 0.46 0.10 

70 0.19 0.22 0.20 0.26 0.36 0.37 0.52 

75 0.14 0.12 0.13 0.18 0.27 0 .. 22 0.42 

80 0.09 0.06 0.08 0.11 0.19 0.11 0.28 

85 0.07 0.04 0.06 0.08 0.14 0.07 0.15 

90 0.06 0.03 0.05 0.07 0.12 0.05 0.05 



Table 3.27 

Mean experimental intensity values I ( \JI ) , in arbitrary units, of 

PPPCC after background correction. 

\jJ I ( \JI ) values at different temperatures in degrees 

(deg.) 40 I 45 I 50 I 55 I 60 I 65 I 70 I 74 

0 15.60 14.90 14.50 16.20 0.65 1.20 1.50 8.20 

5 13.40 14.70 14.10 15.80 0.65 1.20 1.50 7.60 

10 11.90 13.60 13.00 14.00 0.50 1.15 1.35 7.85 

15 9.30 11.20 11.55 11.80 0.40 1.10 1.25 7.40 

20 6.30 8.80 9.90 10.10 0.25 0.95 1.10 6.55 

25 4.45 6.50 7.95 8.20 0.20 0.80 1.00 5.50 

30 3.50 5.00 6.05 6.30 0.20 0.65 0.85 4.40 

35 2.60 3.80 4.60 4.50 0.15 0.50 0.70 .3.75 
-

40 2.00 2.70 3.10 3.30 0.15 0.35 0.55 3.00 

45 1.50 2.20 2.25 2.70 0.10 0.25 0.35 2.50 

50 1.20 1.80 1.70 2.20 0.10 0.20 0.30 2.25 

55 1.00 1.35 1.20 1.80 0.10 0.20 0.25 1.80 

60 0.90 0.90 0.90 1.40 0.05 0.15 0.18 1.35 

65 0.75 0.70 0.70 1.10 0.05 0.15 0.16 1.15 

70 0.65 0.50 0.50 0.90 0.05 0.10 0.13 0.80 

75 0.60 0.40 0.38 0.70 0.03 0.10 0.10 0.60 

80 0.40 0.20 0.25 0.50 0.03 0.08 0.10 0.30 

85 0.20 0.10 0.13 0.30 0.00 0.05 0.05 0.20 

90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 3.28 

Normalised distribution function values f ( f3 ) of PPPCC. 

f3 f (J3 ) values at different temperatures in degrees 

(deg.) 40 I 45 I 50 I 55 I 60 I 65 I 70 I 74 

0 12.14 7.81 6.63 - 7.81. 11.47 . 4.42 . 5.35 3.65 ,, 
" 

5 11.72• 7.96 6.57 7.44 11.14 4.49 5.18 3.83 

10 10.03 7.83 6.24 6.47 9.37 4.58 4.68 4.17 
., 15 7.06 6.55 5.44 5.27 6.07 4.41 3.96 4.18 

20 4.24. 4.57 4.37 4.14 3.23 3.94 3.28 3.65 

25 2.54 2.99 3.41 3.22 1.84 3.34 2.84 2.92 

30 .1.74 2.11 2.67 2.45 1.41 2.72 2.58 2.32 

35 1.33 1.62 2.01 1.76 . 1.37 2.06 2.26 1.86 

40 0.98 1.20 1.37 1.18 1.30 1.39 1.72 1.45 

45 0.64 0.81 0.84 0.78 I.oo- 0.87 1.12 1.08 

50 0.41 0.53 0.52 0.55 0.66 0.57 0.70 0.82 

55 0.30 0.39 - 0.36 0.44 0.50 0.44 0.50 0.69 --

60 0.28 0.33 0.29 0.39 0.49 0.41 0.41 0.62 
,. 

65 0.28 0.28 0.24 0.33 0.51 0.40 0.37 0.54 

70 0.25 0.19 0.16 0.24 0.39 0.34 0.30 0.37 

75 0.16 0.09 0.09 0.15 0.19 0.23 0.20 0.19 

80 0.08 0.04 0.04 0.08 0.06 0.13 0.12 0.09 

85 0.05 0.02 0.02 0.05 0.02 0.08 0;07 0.04 

90 0.04 0.01 0.02 0.04 0.01 0.06 0.06 0.03 
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Table 3.29 

Sample : CPPCC 

Variation of< P2 >and< P4 >with temperature. 

Temperature in ° C I <P2> I <P4> 

50 0.579 0.297 

55 0.561 0.207 

60 0.522 0.167 

65 0.502 0.140 

69 0.453 0.112 
~· 

Table 3.30 

Sample : CPBCC 

Variation of< P2 >and< P4 >with temperature. 

Temperature in o C I <P2> I <P4> 

30.5 0.656 0.274 

35 0.641 0.268 .. 40 0.629 0.253 

45 0.609 0.234 

50 0.5~5 0.211 

55 0.553 0.190 

60 0.531 0.158 

65 0.511 0.147 

67.5 0.470 0.115 

* 
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Table 3.31 

Sample : BPPCC 

Variation of< P2 >and< P4 >with temperature. 

Temperature in ° C 
I <P2> I <P4> 

45 0.618 0.288 

50 0.600 0.253 

55 0.579 0.207 

60 0.540 0.177 

65 0.512 0.196 
~-

70 0.477 0.118 
' 

72 0.450 0.086 

Table 3.32 

Sample : PPPCC 

·Variation of< P2 > and < P 4 >with temperature. 

Temperature in o C I <P2> I <P4> 

~ 40 0.640 0.345 

45 0.620 0.264 

50 0.605 0.219 

55 0.576 0.225 

60 0.557 0.257 

65 0.515 0.156 

70 0.498 0.121 

~ 
74 0.471 0.104 



Table 3.33 

Apparent molecular length ( lap) at different temperature. · 

Sample to film distance= 4.46 em., 'A= 1.54051 A, 

Magnetic field = 5 K. Gauss 

Sample: CPPCC 

Temp. in lap inA Mean lap inA Model length L lap/ L 

inA 

50 22.62 22.66 16.3 1.39 

55 22.59 

60 22.8 

65 22.86 

69 22.93 
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Table 3.34 

Apparent molecular length ( lap) at different temperature. 

Sample to film distance= 4.46 em., 'A= 1.54051 ~ 

Magnetic field = 5 K. Gauss 

Sample: CPBCC 

Temp. in lap inA Mean lap inA Model length L lap/ L 

30.5. 

35 

40 

45 

24.38 

24.42 

24.5 

24.42 

50 24.5 

55 24.54 

60 24.53 

65 24.52 

67.5 24.54 

inA 

24.42 17.2 1.42 
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Table 3.35 

Apparent molecular length ( lap ) at different temperature. 

Sample to film distance= 4.46 em.,~= 1.54051 ~ 

Magnetic field = 5 K. Gauss 

Sample: BPPCC 

Temp. in lap inA Mean lap inA Model length L lap/ L 

45 20.7 

50 20.77 

55 

60 

65 

20.7 

20.79 

20.82 

70 21.04 

72' 21.23 

inA 

20.87 19.15 1.09 
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Table 3.36 

Apparent molecular length (lap) at different temperature. 

Sample to film distance= 4.46 em., 'A= 1.54051 A, 

Magnetic field = 5 K. Gauss 

Sample: PPPCC 

Temp. in lap inA Mean lap inA Model length L lap/ L 

37 

40 

23.98 

23.92 

45 24.08 

50 23.98 

55 24.11 

60 24.24 

65 24.14 

70 24.21 

74.5 24.43 

inA 

24.26 21.1 1.15 
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Table 3.37 

Experimental values of the density (p) , magnetic susceptibility (X) , 

susceptibility anisotropy ( Ax ) , and the order parameter < P2 >. 

Sample: CPPCC 

Temp. Density (p) -XII X 10-7 Ax x 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2> 

48.5 1.069 6.85 4.8 0.590 

52.5 1.067 6.87 4.7 0.570 

58.5 1.062 6.88 4.4 0.535 

63.0 1.057 6.91 4.0 0.488 

67.5 1.051 6.95 3.4 0.420 
-

75.0 1.040 7.18 = Xi so 

Axo = 8.22 x 10-8 c.g.s.unit; 
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Table 3.38 

Experimental values of the density (p) , magnetic susceptibility (X) , 

susceptibility anisotropy (Ax), and the order parameter< P2 >. 

Sample: CPBCC 

Temp. Density (p) -XII X 10-7 Ax x 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

38.5 1.044 6.71 5.0 . 0.643 

43.0 1.041 6.72 4.8 0.613 

48.0 1.036 6.74 4.6 0.582 

53.0 1.034 6.75 4.4 0.558 

58.5 1.026 6.77 4.1 0.523 

63.0 1.022 6.80 3.6 0.462 

67.0 1.016 .6.84 3.1 0.393 
-

75.0 1.004 7.05 =. Xiso 

AXo = 7.85 x 10-8 c.g.s.unit; 



·_..,j_ 
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Table 3.39 

Experimental values of the density (p) , magnetic susceptibility (X.) , 

susceptibility anisotropy ( Ax. ) , and the order parameter < P2 >. 

Sample: BPPCC 

Temp .. Density (p) -XII X 10-7 Ax. X 10-8 order parameter 

in°C in gm/cc c.g.s.unit . c.g.s.unit <P2 > 

44.0 0.992 6.24 3.8 0.626 

49.0 0.988 6.25 3.6 0.594 

54.0 0.984 6.27 3.4 0.567 

59.0 0.980 6.28 3.2 0.535 

63.0 0.976 6.29 3.1 0.509 

67.5 0.972 6.32 2.6 0.430 

70.5 0.969 6.35 2.2 0.370 
-

78.0 0.960 6.49 = 'Xi so 

Axo = 6.04 x 10-8 c.g.s.unit; 
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Table 3.40 

Experimental values of the density (p) , magnetic susceptibility (X.) , 

susceptibility anisotropy (Ax.), and the order parameter< P2 >. 

Sample: PPPCC 

Temp. Density (p) -XII X 10-7 Ax. X 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

39.0 0.975 6.34 4.0 0.644 

43.0 0.973. 6.35 3.9 0.627 

48.0 0.968 6.36 3.8 0.600 

53.0 0.964 6.37· 3.6 0.575 

58.5 0.960 6.38 3.4 0.546 

62.0 0.956 6.38 3.3 0.535 

67.0 0.952 6.43 3.1 0.493 

71.0 0.948 6.45. 2.8 0.450 

74.0 0.944 6.48 2.6 0.411 
-

81.0 0.938 6.61 = liso 

A:x.o = 6.27 x 10-8 c.g.s.~t; 
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Table 3.41 

Experimental values of splay elastic constant ( K11 ) for various 

(T c-T) values. 

Sample: CPPCC 

Te = 70° C, Sample thickness= 162 J-Lm, He= Threshold magnetic field 

Te- T I He in Gauss I f:t.x X 1 o-8 
cgs unit I Kll x 10-6 dyne 

1 715 3.3 0.45 

6 750 3.9 0.58 

11 770 4.4 0.69 

15.5 790 4.6 0.77 

21 815 4.9 0.86 

Table 3.42 

Experimental values of bend elastic constant ( K33 ) for various (T c - T 

) values. 

Sample: CPPCC 

Te= 70° C , Sample thickness = 162 J-Lm, He = Threshold magnetic field 

Te- T I He in Gauss I f:t.x X 1 o-8 
cgs unit I K33 x10-6 dyne 

1 750 3.3 0.49 

6 805 3.9 0.67 

11 860 4.4 0.86 

15.5 900 4.6 1.00 

21 960 4.9 1.20 



~ 
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Table 3.43 

Experimental values of splay elastic constant ( Ku ) for various 

(T c - T) valqes. 

Sample: CPBCC 

Tc = 68.3° C, Sample thickness= 162 J.Lm, He= Threshold magnetic field 

Tc -T I He in Gauss 111x x 10-8 
cgs unit 1 Ku x 10-<> dyne 

1.3 624 3.1 0.32 

6.3 ·660 3.8 0.44 

11.3 670 4.2 0.51 

16.3 675 4.5 0.54 

21.3 685 4.6 0.59 

26.3 710 4.7 0.63 

30.3 711 5.2 0.69 

34.8 720 5.4 0.75 
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Table 3.44 

Experimental values of bend elastic constant ( K33 ) for various 

(T c-T) values. 

Sample: CPBCC 

147 

Tc = 68.3° C, Sample thickness= 162 /-LID, He= Threshold magnetic field 

Tc- T I He in Gauss I !).X x 10-8 
cgs unit I K33 x 10-6 dyne 

1.3 626 3.1 0.32 

6.3 666 3.8 0.44 

11.3 686 4.2 0.53 

16.3 706 4.5 0.59 

21.3 726 4.7 0.66 

26.3 756 4.7 0.72 

30.3 760 5.2 0.80 

34.8 786 5.4 0.89 
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Table 3.45 

Experimental values of splay elastic constant ( K11 ) for various 

(T c - T) values. 

Sample: BPPCC 

Tc = 72.6° C, Sample thickne.ss = 101 J..Lm, He = Threshold magnetic field 

Tc- T I He in Gauss 111x x io-s cgs unit 1 Ku x 10-o dyne 

2.6 1030 2.3 0.25 

4.6 1080 2.5 0.30 

9.6 1120 3.1 0.40 

14.6 1160 3.3 0.45 

19.6 1210 3.4 0.52 

24.6 1230 3.6 0.57 

29.1 1260 3.8 0.62 



1'-

Table3.46 

Experimental values of bend elastic constant ( K33 ) for various 

(T c - T) values. 

Sample: BPPCC 

149. 

Tc = 72.6° C, Sample thickness= 101 JliD, He= Threshold magnetic field 

Tc- T I He in Gauss 1 llx x 10-8 
cgs unit 1 K33 x 10-o dyne 

2.6 960 2.3 0.22 

4.6 1000 2.5 0.26 

9.6 1050 3.1 0.35 

14.6 1120 3.3 0.42 

19.6 1170 3.4 0.49 

24.6 1200 3.6 0.54 

29.1 1230 3.8 0.59 



Table 3.47 

Experimental values of splay elastic constant ( Ku ) for various 

(T c- T) values. 

Sample: PPPCC 

150 

Tc = 7 5. 0° C , - Sample thickness = 162 J.!ID, He = Threshold magnetic field 

Tc- T I He in Gauss 111x x 10-8 
cgs unit I K 11 x 1 0--=o dyne 

1 820 2.6 0.46 

5.5 880 2.9 0.60 

10 950 3.2 0.77 

15 1000 3.3 0.88 

20 1060 3.5 1.06 

25 1120 3.7 1.23 

30 1230 3.9 1.55 

35 1330 4.0 1.89 
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Table 3.48 

Experimental values of splay elastic constant ( K33 ) for various 

(T c - T ) values. 

Sampl~: PPPCC 

Tc = 75.0° C, Sample thickness= 162 J..Lm, He =Threshold magnetic field 
,,, 

Tc- T 
I 

He in Gauss •I Llx X 10-8 
cgs unit I K33 x1o-<> dyne 

1 819 2.6 0.46 

5.5 870 2.9 0.59 

10 920 3.2 0.72 

15 950 3.3 0.79 

20 980 3.5 0.90 

25 1010 3.7 1.00 

30 1085 3.9 1.21 

35 1160 4.0 1.44 
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Table 3.49 

Experimental values of the Frank elastic constant ratio ( K33 I K11 ) at 

different relative temperatures ( T c - T ). 

Sample: CPPCC Sample: CPBCC 

Tc- T I K33 /Ku Tc- T I K33 /Ku 

1. 1.10 1.3 1.01 

6 1.15 6.3 1.02 

11 1.25 11.3 1.05 

15.5 1.30 16.3 1.09 

21 1.39 21.3 1.12 

26.3 1.13 
• 

30.3_ 1.14 
r 34.8 1.19 
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Table 3.50 

Experimental values of the Frank elastic constant ratio ( K33 I Kn ) at 

different relative temperatures ( T c - T ). 

Sample: BPPCC Sample: PPPCC 

Tc- T I K33 I K11 Tc- T I K33 /Ku 

2.6 0.87 1 1.00 

4.6 0.87 5.5 0.98 

9.6 0.88 10 0.94 ·. 

14.6 0.93 15 0.90 

19.6 0.93 20 0.86 

24.6 0.95 25 0.81 

29.1 0.95 30 0.78 

35 0.76 
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CHAPTER-4 

X-ray diffraction studies and measurement of refractive indices, 

magnetic susceptibility anisotropy, density, splay and bend 

elastic constant of two members ofisothiocyanatobenzenes. 
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The chemical name, chemical structure and transition temperatures 

of the meso genic compounds studied are given below. 

I. 4-(trans-4'- n- decyl cyclohexyl) Isothiocyanatobenzene 

(10 CPS in short) 

C10H21-Cy-Ph-NCS 

41.7°C 

II. 4-(trans-4'- n- dodecyl cyclohexyl) Isothiocyanatobenzene 

(12 CPS in short) 

C12H25-Cy-Ph-NCS 

50.8 °C 52.5°C 
K N< >I 

44°C 

· ( Ph = Phenyl ring, Cy = Cyclohexane ring) 

The chemicals were synthesised by Prof. R. Dabrowski and his co-workers 

in Institute of Chemistry, Military University of Technology, Warsaw, 

Poland and was supplied to us in the pure form. These mesogens were used 

by us without further purification. The transition temperatures were 

determined by us by observing their textures under polarising microscope 

using Mettler FP 80/82 thermosystem. The transition temperature obtained 

by us agreed with those in the literature [1,2] within 1 °C. 

The experimental procedures used and the method of data analysis 

are given in Chapter 2 and so only the experimental data and calculated 

values are given in this chapter. The values of density, ordinary and extra­

ordinary refractive indices at four different wave lengths for 1 OCPS are 
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tabulated in Tables 4.1a and 4.1b. The wavelengths used for refractive 

index measurements are 4358A, 5461A, 5780A and 6907A. The density 

and refractive index values in the isotropic phase of 1 OCPS are also given 

in the Tables. The density and refractive indices (at a different wave length 

of 5 89 nm) values of 1 OCPS have already been reported by Baran et al. [3] 

and their values agree with the present values within experimental errors. 

However, Baran et al.[3] did not analyse their data to calculate the order 

parameter of 10CPS, which have been determined by us. Tables 4.2a and 

4 .2b give the values of density and refractive indices at four different wave 

lengths for 12CPS in its mesophase and isotropic phase. The temperature 
/ 

variations of density for 10CPS and 12CPS are shown in Figure 4.1 and 

Figure 4.2 respectively. The density changes at the nematic to isotropic 
. I 

transition are small, the change is indeed very small for 12CPS. 1 The 

temperature variation of ordinary and extra-ordinary refractive indices for 

10CPS and 12CPS are shown in Figure 4.3 and Figure 4.4 respectively. 

The polarisabilities of 10CPS calculated using Vuks and Neugebauer 

methods (Chapter2) are tabulated in Table 4.3 and Table 4.4 respectively. 

·The corresponding polarisability values for 12CPS using Vuks and 

Neugebauer procedure are given in Table 4.5 and Table 4.6 respectively. 

The order parameters at different tempyratures for 1 OCPS calculated from 

Vuks and Neugebauer polarisabilities are tabulated in Tables 4.7 and 4.8 

respectively. The polarisability anisotropy in the perfectly aligned phase, as 

obtained from_Haller's extrapolation method are also given in the Tables. 

As seen in the last Chapter (Chapter 3), here also polarisabilty 

· anisotropies calculated ·by Vuks method are larger than those from 

Neugebauer method but the order parameters calculated from the two 

methods are almost identical. Tables 4.9 and 4.10 give the order parameter 
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values for 12CPS as calculated from Vuks and Neugebauer methods 

respectively. Extrapolated values of polarisability anisotropy at < P2 > = 1 

are also given in the Tables. Again the order parameter values from the 

two procedures agree very well. 

X -ray diffraction photographs were taken for the aligned samples of 

10CPS and 12CPS in their mesophase. A magnetic field of about 5 

Kilogauss was used to align the samples. No x-ray diffraction photograph 

could b~ taken in the super cooled nematic phase of 12CPS as the sample 

crystallised below 50.8°C. Hence, only one diffraction pattern for the 

sample was taken between 50.8°C and 52.5°C, the clearing temperature. 

t However, for 10CPS x-ray diffraction studies could be perfol"llled in the 

supercooled nematic phase. Plates 4a and 4b show the x-ray diffraction 
) 

patterns from 10CPS at 46°C and from 12CPS at 51.5 °C respectively. 

The angular distributions of the x-ray intensity along the outer arc of 

the diffration pattern for 1 OCPS after necessary background correction, are 

tabulated in Table 4.11. The corresponding angular distribution functions 

calculated using Leadbetter formula (Chapter 2, equation 2.16) are given 

in Table 4.12. For 12CPS both the· angular distribution of x-ray intensity 

and the corresponding angular <;listribution function at only one 

experimental temperature are given in Table 4.13. The order parameter 
' 

values for 1 OCPS and 12CPS, calculated following the equation 2.17 are 

tabluated in Table 4.14 and Table 4.15 respectively. . The apparent 

molecular lengths as calculated from the inner arc of the x-ray diffraction 

pattern, for 10CPS and 12CPS are given in Table 4.16. The temperature 

variation of apparent molecular length for 10CPS is shown in Figure 4.5. 

The single value of apparent molecular length of 12CPS is also plotted in 

the same figure. It can be seen that apparent molecular length of 1 OCPS is 
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Plate 4a: X-ray diffraction photograph of the oriented sample in· the 
I 

nematic phase of IOCPS at 46°C. · 

Plate 4b: X-ray diffraction photograph of the oriented sample in the 

nematic phase of 12CPS at 5l.5°C. 
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almost constant at 31.7 A . The molecular model length of 1 OCPS in its 
. . 

fully extended form is 25.7 A. Thus the ratio of apparent molecular length 

to the model length is 1.23. The values of apparent molecular length, model 

molecular length and their ratio for 12CPS are 33.9 A, 28.1 A and 1.21 

respectively. Thus the ratios of the apparent to model ll)olecular lengths are 

almost the same for the two CPS compounds and this ratio is much smaller 

than the value (1.4) in the case of cyanobiphenyls which form dimers. So 

there is some association of molecules in the mesophases of 1 OCPS and 

12CPS, though it is much weaker than that in cyanobiphenyls. 

The magnetic susceptibility along the director, XII , the magnetic 

susceptibility anisotropy, flx, and the order parameter values at different 

temperatures for 10CPS are tabulated in Table 4.17. The density values 

given in the Table have been interpolated from our experimental values 

given in Table 4.1a. The magnetic susceptibility anisotropy for perfectly 

ordered sample has been obtained by Haller's extrapolation method 

(described in Chapter 2) and is given in the Table. The magnetic 

susceptibility x 11 , flx, order parameter an,d interpolated density values for 

12CPS are given in Table 4.18. The experimental values for 12CPS could 

be obtained at only one temperature in the mesophase since no supercooled 

· nematic phase was observed in the magnetic field. The temperature 

variation of magnetic anisotropy of 10CPS is shown in Figure 4.6. 

The temperature variation of order parameter values for 1 OCPS as 

obtained from refractive index, magnetic susceptibility and x-ray 

diffraction studies, are shown in Figure 4.7. In this figure the Maier-Saupe 

theoretical values are also shown. The < P2 > v~ues calculated from x-ray 

diffraction data agree very well with the Maier-Saupe theoretical values 

throughout the mesomorphic temperature range. The order parameter 
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values obtained from refractive index and - magnetic susceptibility 

measurements agree with the theoretical values at lower temperatures. But, 

near the nematic to isotropic transition temperature these order parameter 

values decrease more rapidly than the theoretical values. This trend is more 

pronounced in the < P2 > values obtained from the refractive index data. 

The temperature variation of order parameter values of 12CPS, 

obtained from different experimental methods, are shown in Figure 4.8. 

Since the mesomorphic temperature range of 12CPS is very small,- not 

much can be inferred from this figure. However, like 10CPS for 12CPS 

also the < P2 >values obtained from x-ray diffraction data are somewhat 

greater than those obtained froin refractive index and magnetic 

susceptibility at the same temperature. 

The splay and bend elastic constants of these two mesogens were 

determined by observing Freedericksz transition in magnetic field. The 

details of th~ method have already been described in Chapter 2 of the 

present thesis. 

The splay and bend elastic constants at different temperatures for 

. 10CPS are given in tables 4.19 ahd 4.20 respectively. The critical 

magnetic field and the thickness of the sample are also given in the tables. 

The splay and bend elastic constant values of 12CPS are tabulated in 

Tables 4.21 and 4.22 respectively ·for only one temperature; since in a 

magnetic field the mesophase of 12CPS was stable in the temperature 

range of 1. 7 °C only. 

The temperature variation of splay and bend elastic constant values 

. of 10CPS are shown in Figure 4.9 and Figure 4.10 respectively. These 

variations are normal. The temperature variation of bend to splay elastic 

constants of 10CPS is shown in Figure 4.11 and tabulated in Table 4.23. In_ 
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this Table the K33/K11 ratio for 12CPS has also been given. It can be seen 

that the ratios are less than 1 for 12CPS and 1 OCPS at all temperatures. It 

may be noted that for cyanophenyl comVunds this ratio is larger than 1. In 

· nCPS compounds K33 values are much smaller than K33 values · for 

corresponding cyanocompounds [4]. According to Schadt et al. [5] the 

K33/K11 ratio decreases with decreasing polarity of the compounds. It has 

also been found by Schadt et al.[6] that K33/Kn ratio is affected by the type 

of ring structure in the rigid part of the molecules. In non-polar 

azoxybenzene homologous series, de Jeu et al. [7] found that the K33/K11 

value decreases with increasing chain length. The K33/K11 value for 6CPS 

is 1.11, at Tc - T = 21 °C [4], whereas for 10CPS our value is 0.972 

at Tc.- T = 9.7 °C. Thus the values of the ratio K33/Kn, for 10CPS obtained 

by us is consistent with the experimental observations of other researchers. 
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Table 4.1a 

Density (p) and refractive indices (no, De) at different temperatures 

of Sample lOCPS. 

Temp. Density 1..=6907 A A.=5780A 

in°C in gm/cc flo I fie flo I fie 

35 0.972 1.521 1.645 1.529 1.653 

37 0.970 1.522 1.642 1.530 1.649 

39 0.969 1.523 1.638 1.531 1.645 

42 0.965 1.524 1.634 1.532 1.642 

44 0.964 1.525 1.630 1.533 1.638 

46 0.962 1.526 1.624 1.534 1.632 

48 0.960 1.530 1.619 1.538 1.627 

49 0.959 1.532 1.615 1.540 1.623 

50 0.957 1.534. 1.611 1.542 1.619 -
52 0.953 . 1.553 1.561 
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Table4.1b 

Density (p) and refractive indices (no, De) at different temperatures 

of Sample lOCPS. 

Temp. Density A.= 5461 A A=4358A 

in °C in gm/cc Do I De Do I De 

35 0.972 1.537 1.661 1.548 1.672 

37 0.970 1.538 1.657 1.549 1.668 

39 0.969 1.539 1.653 1.549 . 1.664 

42 0.965 1.540 1.649 1.551 1.660 

44 0.964' 1.541 1.645 1.552 . 1.656 

46 0.962 1.542 1.640 1.553 1.651 

48 0.960 1.546 1.635 1.556 1.645 

49 0.959 1.548 1.631 1.558 1.642 

50 0.957 1.550 . 1.627 1.561 1.638 

52 0.953 1.569 1.579 
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Table 4.2a 

Density (p) and refractive indices (no, De) at different temperatures 

of Sample 12CPS. 

Temp. Density A-=6907 A A.= 5780A 

in°C in gm/cc llo I l1e llo I l1e 

48 0.917 1.483 1.603 1.493 1.614 

49 0.916 1.483 1.601 1.494 1.612 

50 0.915 1.484 1.600 1.495 1.610 

51 0.913 1.485 1.596 1.496 1.607 

52 0.912 1.486 1.591 1.497 1.601 

54 0.909 1.528 1.538 

Table 4.2b 

Density (p) and refractive indices (no , De ) at different temperatures 

of Sample 12CPS. 

Temp. Density A-=5461 A A.=4358A 

in °C in gm/cc Do I· l1e Do I l1e 

48 0.917 1.504 1.624 1.518 1.638 
' 

49 0.916 1.504 1.622 1.518 1.636 

50 0.915 1.505 1.621 1.519 1.635 

51 0.913 1.506 1.617 1.520 1.631 

52 0.912 1.507 1.612 1.521 1.626 

54 0.909 1.549 1.563 
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Table 4.3 

Polarisability ( a 0 , ae ) at different temperatures of sample lOCPS 

·by Vuks method. 

Temp. 'A=6907 A 'A=5780A 'A= 5461 A 'A=4358A 

in °C <lo I <le <lo I <le <lo I <le <lo I . <le 

35 43.03 55.92 43.58 56.47 44.13 57.01 44.85 57.72 

37 43.21 55.62 43.76 56.16 44.31 56.70 45.04 57.42 

39 43.41 55.32 43.96 55.87 44.50 56.41 45.23 57.13 

42 43.72 55.11 44.27 55.66 44.81 56.20 45.54 56.93 

44 43.91 54.80 44.47 55.35 45.02 55.89 45.75 56.62 

46 44.14 54.39 44.71 54.94 45.26 55.49 45.99 56.21 
' 

48 44.59 53.92 45.15 54.47 45.70 55.01 46.44 55.74 

. 49 44.82 53.56 45.37 54.10 45.93 54.65 46.67 55.38 

50 45.14 53.18 45.70 53.74 46.25 54.28 46.99 55.01 

<lo & <le are in 10-24 cm3 unit. 
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Table 4.4 

Polarisability ( a 0 , ae) at different temperatures of sample 10 CPS 

by Neugebauer method. 

Temp A-=6907 A 'A=5780A 'A= 5461 A 'A=4358A 

in°C <lo I <le <lo I <le <lo I <le <lo I <le 

35 43.82 54.35 44.37 54.88 44.93 55.40 45.67 56.09 

37 43.97 54.11 44.52 54.63 45.08 55.15 ·45.82 55.85 

39 44.13 53.88 44.69 54.40 45.24 54.93 45.98 55.63 

42 44.41 53.73 44.97 54.26 45.52 54.79 46.26 55.49 

44 44.57 53.49 45.14 54.01 45.69 54.54 46.44 55.25 

46 44.76 53.15 45.34 53.69 45.89 54.22 46.64 54.93 

48 45.15 52.79 45.72 53.33 46.28 53.86 47.02 54.57 

49 45.34 52.50 45.91 53.03 46.47 53.57 47.22 54.28 

50 45.62 52.21 46.19 52.75 46.75 53.29 47.49 54.00 

<lo & <le are in 1 o-24 cm3 unit. 
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Table 4.5 

Polarisability ( a 0 , ae) at different temperatures of sample 12CPS 

by Vuks method. 

Temp. A-=6907 A 'A=5780A 'A= 5461 A 'A-=4358A 

in°C ao 
1-

<ie ao I ae ao I ae ao I ae 

48 46.15 60.48 46~99 61.34 47.85 62.17 48.97 63.28 

49 46.29 60.33 47.14 61.18 47.99. 62.01 49.11 63.11 

50 46.43 60.17 47.28 61.01 48.13 61.85 49.25 62.96 

51 46.64 59.89 47.50 60.73 48.34 61.57 49.47 62.69 

52 46.84 59.35 47.70 60.19- 48.54 61.06 49.67 62.17 

ao & ae are in 10-24 cm3 unit. 

Table 4.6 

Polarisability ( a 0 , ae ) ·at different temperatures of sample 12CPS 

by Neugebauer method. 

Temp. A-=6907 A 'A=5780A 'A= 5461 A 'A=4358A 

in °C ao I Ue ao I ae ao I ae ao I ae 

48 46.96 58.85 47.82 59.68 48.70 60.48 49.83 61.55 

49 47.09 58.73 47.95 59.55 48.81 60.35 49.95 61.42 

50 47.21 58.61 48.08 59.42 48.94 60.23 50.08 61.31 

51 47.39 58.38 48.27 59.19' 49.12 60.01 50.26 61.10, 

52 47.55 57.93 48.42 58.75 49.28 59.59 50.42 60.66 

ao & ae are in 1 o-24 cm3 unit. 
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Table 4.7 

Order parameter < P2 > of sample lOCPS at different 

temperatures by Vuks method. 

(all - <l_t) . 22.3 in 10-24 cm3 unit. 

'A=6907 A 'A=5780A 'A= 5461 A 'A=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.578 0.578 0.578 0.577 0.578 

·o.556 0.556 0.555 0.555 0.555 

0.534 0.534 0.534 0.534 0.534 

0.511 0.511 0.511 . 0.511 0.511 

0.488 0.488 0.487 0.487 0.487 

0.460 0.459 0.459 0.458 0.459 

0.418 0.418 0.417 0.417 0.417 

0.392 . 0.390 0.391 .0.391 0.391 
( 

0.361 0.360 0.360 0.360 0.360 
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Table 4.8 

Order para~eter < P2 > of sample lOCPS at different 

temperatures by Neugebauer method. 

( a11 - a1.) = 18.25 in 10-24 cm3 unit. 

A-=6907 A A-=5780A A.= 5461 A A-=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.577 0.576 0.573 0.571 0.574 

0.556 0.554 0.552 0.550 0.553 

0.534 0.532 0.531 0.529 0.532 

0.511 0.510 0.507 0.506 0.509 

0.489 0.487 0.485 0.483 0.486 

0.460 0.458 0.456 0.454 0.457 

0.419 0.417 0.415 0.414 0.416 

0.382 0.391 0.389 0.387 0.387 

0.361 0.360 0.358 0.357 0.359 
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Table 4.9 

Order parameter < P2 > of sample 12CPS at different 

temperatures by Vuks method. 

( all - U..L) = 28.7 in 10-24 cm3 ,unit. 

A-=6907 A 'A= 5780A 'A= 5461 A 'A=4358A Average 

<P2> <P2> <P2> ·<P2> <P2> 

0.500 0.500 0.499 0.498 0.499 

0.489 0.489 0.488 0..488 0.488 

0.479 0.478 0.478 0.478 0.478 

0.461 0.460 0.461 0.461 0.461 

0.436 0.435 0.436 0.435 0.435 

Table 4.10 

Order parameter < P2. > of sample 12CPS at different 

temperatures by Neugebauer method. 

'A . 6907 A 'A=5780A 'A= 5461 A 'A=4358A Average 

<P2> <P2> <P2> <P2> <P2> 

0.497 0.496 0.493 0.490 0.494 

' 0.487 0.485 0.483 0.480 0.484 

0.477 0.474 0.472 0.469 0.473 

0.460 0.457 0.456 0.454 0.457 

0.434 0.432 0.431 0.428 0.431 
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Table 4.11 

Mean experimental intensity values. I ( 'JI) , in arbitrary units , of 10 

CPS after background correction. . 

,\jl I ( \jl ) values at different temperatures in degrees 

(deg.) 34 'I 37 I 42 I 46 I 49 I 50 

0 1.83 1.60 1.55 1.80 0.75 2.80 

5 1.80 1.55 1.55 1.75 0.75 2.75 

10 1.55 1.45 1.40 1.65 0.70 2.65 

15 1.20 1.30 1.10 1.50 0.55 2.40 

20 0.85 1.00 0.80 1.40 0.45 2.10 

25 0.65 0.75 0.60 1.30 0.35 2.00 

30 0.50 0.60 0.50 1.10 0.25 1.70 

35 0.35 0.50 0.40 0.85 0.20 1.40 

40 0.35 0.35- 0.35 0.70 0.20 1.15 

45 0.25 0.30 0.30 0.55 0.18 '0.95 

50 0.22 0.25 0.25 0.45 0.15 0.80 

55 0.20 0.23' .0.20 0.35 0.15 0.70 

60 0.18 0.20 0.20 0.25 0.12 0.60 

65 0.17 0.18 0.18 0.20 0.11 0.40 

70 0.14 . 0.13 0.15 0.15 0.10 0.25. 

75 0.13 0.08 0.15 0.10 . 0.10 0.20 

80 0.10 ·o.oo 0.10 0.08 0.10 0.10 

85 0.05 0.00 0.10 0.00 0.05 0.05 

90 0.00 0.00 0.00 0.00 0.00 0.00 
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Table 4.12 

Normalised distribution function values f ( p ) of 10 CPS. 

f3 f (f3 ) values at different temperatures in degrees 

(deg.) 34 I 37 I 42 I 46 I 49 I 50 

0 9.88 6.90 8.18 4.57 6.49 4.51 

5 9.75 6.74 8.22 4.50 6.62 4.41 

10 8.80 6.24 7.74 4.22 6.55 4.08 

15 6.53 5.41 6.02 3.72 5.52 3.59 

20 . 4.03 4.33 3.82 3.19 3.80 3.08 
I 

25 2.42 3.18 2.31 2.82 2.39 2.68 

30 1.64 2.19 1.59 2.57 1.59 2.37 

35 1.27 1.47 1.29 2.26 1.21 2.02 

40 1.00 L04 1.09 1.73 0.99 1.57 

45 0.71 0.80 0.85 1.17 0.81 1.56 

50 0.50 0.66 0.62. 0.79 0.66 0.88 

55 0.40 0.55 0.48 0.62 0.57 0.75 

60 0.39 0.47 0.44 0.55 0.55 . 0.69 

65 0.40 0.40 0.43 0.47 0.54 0.59 

70 0.37 0.32 0.40 0.32 0.49 0.38 

75 0.25 0.22 0.30 0.15 0.37 0.18 

80 0.14 0.10 0.19 0.06 0.24 0.08 

85 0.08 0.04 0.13 0.03 0.17 0.04 

90 0.06 0.03 0.11 0.02 0.15 0.03 
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Table 4.13 

Mean experimental intensity values I ( 'II ) , in arbitrary units , after 

background correction and Normalised distribution function values 

f ~) of 12CPS. 

\fl l(\fl) J3 f( J3) 
. in degrees values at 51.5° C in degrees values at 51.5°C 

0 1.35 0 3.60 

5 1.33 5 3.68 

10 1.25 10 3.82 

15 1.20 15 3.82 
' 

20 1.15 20 3.55 

25 1.00 25 3.07 

30 0.80 30 2.52 

35 0.60 35 1.99 

40 0.50 40 1.50 

45 0.45 45 1.10 

50 0.35 50 0.81 

55 0.25 55 0.62 

60 0.20 60 0.51 
t 

65 0.18 65 0.42 

70 0.15 70 / 0.32 

75 0.13 75 0.23 

80 0.10 80 0.15 

85 0.10 85 0.11 

90 0.00 90 /0.10 
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Table 4.14 
~· 

I Sample : 10CPS 

Variation of< P2 > and < P 4 > with temperature. 

Temperature in o C I ' 

I <P2> <P4> 

34 0.569 0.293 

37 0.554 0.214 

42 0.519 0.245 

46 0.484 0.089 

49 0.465 0.212 --.,-
' 50 0.451 0.077 

Table 4.15 

Sample : 12CPS 

Variation of< P2 >and< P4 >with temperature. 

Temperature in o C I I 
51.5 0.465 0.102 



Table 4.16 

Apparent molecular length (lap) at different temperature. 

Sample to film distance= 7.86 em., 'A= 1.54051 ~ 

Magnetic field = 5 K. Gauss 

Sample: lOCPS Sample: 12CPS 

Model length L = 25.7 A Model length L = 28.1 A 

Temp. lap in Mean length la~ Temp. lap in la~ 

in °C 
0 

lap inA in °C 
0 

A A 

34 31.6 31.7 1.23 51 33.9 1.21 

42 31.7 

46 31.9 

50 31.9 
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Table 4.17 

Experimental values of the density (p) , magnetic susceptibility ( :x. ) , 

susceptibility anisotropy ( A:x,), and the order parameter< P2 > 

Sample lOCPS 

Temp. Density (p )* -XII X 10-7 

in°C in gm/cc c.g.s.unit 

36.0 0.971 7.1i 

38.5 0.969 7.11 

40.5 0.967 7.12 

43.0 0.964 7.13 

46.0 0.962 7.15 

48.0 0.960 7.16 

50.5 0.955 7.18 
-

52.0 0.952 7.35 = Xiso 

11Xo = 6.265 x 10-8 c.g.s.unit; 

*Interpolated values from Table 4.1a. 

11x x 10-8 

c.g.s.unit 

3.5 

3.5 

3.4 

3.2 

3.0 

2.7 

2.5 

order parameter 

<P2 > 

0.566 

0.551 

0.537 

0.516 

0.475 

0.439 

0.395 
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Table 4.18 

Experimental values of the density (p), magnetic susceptibility ( x ) , 
susceptibility anisotropy ( Ax ) , and the order parameter < P2 > 

Sample 12CPS 

Temp. Density (p )* -XII X 10-7 

in o C in gm/cc c.g.s.unit 

51 0.913 7.626 
-

53 0.910 7.820 = Xiso 

/1J(0 = 6.528 X 10-8 C.g.s.unit ; 

*Interpolated values from Table 4.2a. 

11x x to-8 

c.g.s.unit 

2.905 

' order parameter · 

<P2 > 

0.445 
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Table 4.19-

Experimental values of splay elastic constant ( Ku ) for various (T c- T) 

values. 

Sample lOCPS 

Tc = 50.7° C, Sample thickness= 162 J.lm, He= Threshold magnetic field. 

Tc-T 
I 

He in Gauss 1 I!J.x., x·lo-8 cgs unit ·I Ku X 1 o-o dyne 

1.7 710 2.6 0.35 

3.7 746 2.9 0.42 

5.7 780 3.1 0.50 

7.7 819 3.2 0.58 

9.7 860 3.3 0.66 

Table 4.20 

Experimental values of splay elastic constant ( K33 ) for various (T c- T) 

values. 

Sample lOCPS 

Tc = 50.7° C, Sample thickness= 162 J.lm, He= Threshold magnetic field 

Tc- T I He in Gauss .I tJ.x X 1 o-8 
cgs unit I K33 x1o-o dyne 

1.7 700 -2.6 0.34 

3.7 726 '2.9 0.40 

5.7 750 3.1 0.46 

7.7 775 3.2 0:52 .. 

9.7 800 3.3 0.57 
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Table 4.21 

Experimental values of splar elastic constant ( Kn ) for various (T c- T) 

values. 

Sample 12CPS 

Tc = 52.5° C, Sample thickness= 162 J.tm, He= Threshold magnetic field 

Tc- T He in Gauss !J.X X 10-8 cgs unit Ku x 10-o dyne 

1.5 725 2.9 0.41 

Table 4.22 

Experimental values of splay elastic constant ( K33 ) for various (T c- T) 

values. 

Sample 12CPS 

Tc = 52.5° C, Sample thickness= 162 J.tm, He= Threshold magnetic field 

Tc- T He in Gauss l!!x x 10-8 cgs unit K33 x10-o dyne 

1.5 720 2.9 0.4 
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Table 4.23 

Experimental values of the Frank elastic constant ratio ( K33 I K11 ) at 

different relative temperatures ( T c - T ). 

Sample: 1 OCPS Sample: 12CPS 

Tc- T I K33 I K11 Tc- T I K33 I Ku 

1.7 0.89 1.5 .99 

3.7 0.90 

5.7 0.92 

7.7 0.95 

9.7 0.97 
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CHAPTER-5 

Magnetic susceptibility anisotropies of two mesogenic mixtures 

exhibiting induced smectic Ad phase 
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In this chapter the masnetic susceptibility anisotropy values of two 

different mesogenic mixture having different compositions have been 

reported. The mixtures studied have one component as 4-n-pentyl-4-n'­

cyanobiphenyl (5CB in short) and the other component being 4-n-pentyl 

phenyl-4-n'-alkyloxy benzoate (alkyl=pentyl, ME50.5 in short or 

alkyl hexyl, ME60.5 in short). Both these mixtures show induced smectic 

At phase, i.e., the components in pure form have nematic phases only, but 

on mixing produce mesogens having both nematic and smectic At phases in 

certain composition range. The mixture of 5CB+ME60.5 has been 

extensively studied by Das and Paul [1,2]. They have given the phase 

diagram of the system as well as measured density and refractive indices at 

different composition [1]. They have also studied x-ray diffraction pattern 

from these mixtures and calculated the order parameters and layer thickness 

· as a function of composition. The mixture 5CB+ME50.5 has also been 

studied by different workers [3-5]. Dunmer et al.[4] have given the phase 

diagram of this system. Refractive indices have been measured by Palffy­

Muhoray et a1.[5]~ while Das et a1.[3] have performed x-ray diffraction 

studies on this mixture. Orientational order parameters as calculated from 
( 

refractive index and x-ray diffraction studies of both the mixtures, when 

plotted against the composition,show a minimum near the equimolar 

concentration [2,3]. The ratio of bend to splay elastic constants has been 

determined for one of the mixtures in our laboratory. [ 6] 

The present work was undertaken to see whether Ax the magnetic 

susceptibility anisotropy and <P2>, the order parameter calculated from it 

also show a minimum at equimolar composition of these two mixtures or 

not. The phase diagrams of 5CB + ME50.5 and 5CB + ME60.5 are shown 

in Figures 5.1 and 5.2 respectively[1,4]. 
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Figure 5.1. Phase diagram of 5CB/ME50.5 mixture as a function of mole 

fraction (xscB) of 5CB [3]. 
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For the study of the system 5CB + ME50.5 (System I), six mixtures 

were prepared by mixing the weighed amount of pure components and 

heating the mixture to its clearing temperature and keeping it at that 

temperature for 3-4 hours with constant st~g to produce homogenous 

mixtures. The composition (mole fraction of 5CB) and the transition 

temperatures of these six mixtures are given below: 

I. Mix. A1 (xscB = 0.206) 

<20°C 36.7°C 53.7°C 
K< >SA< >N< >f 

II. Mix. A2 (xscB = 0.303) 

<20°C 45.2°C 53.5°C 
K< >SA< >N< >I 

III. Mix. A3 (xscB = 0.40) 

<20°C 48.8°C 53.7°C 
K< >SA< >N< >I 

IV. Mix.~ (xscB = 0.501) 

<20°C 46.4°C 52.1°C 
K< >SA< >N< >I 

v. Mix. As (xscB = 0.59) 

<20°C 39.6°C 49.7°C 
K< >SA< >N< >I 

VI. Mix. Au (xscB = 0.702) 

<20°C 44.1°C 
K< >N< >I 
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Figure 5.2. Phase diagram of 5CBfME60.5 mixture as a function of mole 

fraction (xscBJ of 5CB [2]. 
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Similarly, for the system 5CB + ME60.5 (System II), eight mixtures 

with different compositions were prepared for our study. The composition 

and the transition temperatures of these eight mixtures are noted below: 

I. Mix. B1 (xscB = 0.1845) 

<20°C 52.5°C 61.5°C 
K< >SA< >N< >I 

II. Mix. B2 (xscB = 0.2488) 

<20°C 54.7°C 61.°C 
K< >SA< >N< >I 

ill. Mix. B3 (xscB = 0.3025) 

<20°C 57.2°C -60.2°C 
K< >SA< >N< >I 

IV. Mix. B4 (xscB = 0.4008) 

<20°C 57.3°C · 59.2°C 
K< >SA< >N< >I 

V. Mix. Bs (xscB = 0.4986) 

<20°C 52.8°C 56.3°C 
K< >SA< >N< >I 

VI. Mix. B6 (xscB = 0.55973) 

<20°C 48.1°C 54.8°C 
K< >SA< > N< >I 

VII. Mix. B7 (xscB = 0.6427) 

<20°C 41.9°C 51.9°C 
K< >SA< >N< >I 
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VITI. Mix. Bs (xscB = 0.7075) 

<20°C 48.6°C 
K< >N < .>I 

Some of the mixtures in both the systems show co-existence of both 

nematic and isotropic phases over a small temperature range ( -0 .5°C) at the 

clearing point. 

Of the six mixtures of System I, one has only nematic phase, all other 

have both nematic and smectic ~ phases. The densities and the magnetic 

susceptibilities were measured using the methods described in detail in 

Chapter 2. 

The experimental values of densities, 'XII' the magnetic susceptibility 

along the director, fl.x, the magnetic susceptibility anisotropy and calculated 

<P2> values, for these six mixtures (A1 to AQ) are tabulated in Tables 5.1 to 

5.6 respectively. The extrapolated values [7] of fl.x for perfectly aligned 

samples are also given in these tables. The magnetic susceptibility of the 

pure NIE50 .5 and NIE60 .5 have also been measured, but these values are 

given in Chapter-7. 

Figures 5 .3a - 5 .3e show the temperature variation of density of the 

five mixtures. The density of one of the mixture (mix. A3) is interpolated 

values from Das et al [3]. In general near mid compositon region, the 

density changes at nematic to smectic A transition are greater than those at 

nematic to isotropic transition. Similar result on this system has already 

been reported[3] for this system at xscB = 0.4. 

The temperature variations of fl.x for these mixtures are shown in 

Figures 5.4a -5.4f. The changes in fl.x values at the smectic A to nematic 

transition are more pronounced for mixtures At (x-0.501) and A5(x=0.590). 

The temperature variations of order parameters are shown in Fig. 5.5a-5.5f. 
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Figure 5.4d. Temperature variation of the anisotropy of the diamagnetic susceptibility (Ax). 
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Figure 5.4e. Temperature variation of the anisotropy of the diamagnetic susceptibility (Ax). 

Figure 5.4f. Temperature variation of the anisotropy of the diamagnetic susceptibility (Ax). 
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We have also tried to fit theoretical McMillan~s[8] order parameter values 

with our experimental values by varying the a and o parameters of the 

potential. For mixtures A2, ~, As and ~ the agreements with· theoretical 

values are good. Mixture A1 has only nematic phase, hence the experimental 

<P2> values have been compared with theoretical Maier-Saupe values. In 

this case agreement is fairly good except near the nematic-isotropic 

transition temperature. However, the experimental order parameter values 

for mixture A1 and A3 could not be fitted well with McMillan~s values with 

any combination a and o. 
0 

Figure 5.6 shows the composition variation of the order parameter in 

the mixture 5CB + ME50.5 at a constant temperature of 35 °C. The order 

parameter values of the x-ray diffraction data of Das et al. [3] are also shown 

in this figure. · The two sets of < P2 > values are consistent within 

experimental errors. The minimum in< P2 >. values occurs near the mole 

fraction of 5CB equal to 0.4. 

· · The composition variation of the magnetic susceptibility in the 

isotropic phase of the mixtures A1 to ~ is shown in Figure 5.7. The 

experimental value of the pure component ME50.5 is also plotted in the 

figure, though the experimental value of this mesogen has been given in 

Chapter 7. I have also measured Xiso value of 5CB and it is included in the 
f./ 

figure. It can be seen that Xiso varies linearly with mole fraction as is 

expected. 

Of the eight mixtures of System II~ one has only nematic phase, all 

others have both nematic and smectic ~phases. The densities of several 

·mixtures of this system have already been reported by Das et al. [1]. The 

magnetic susceptibilities along the qirector, xn, of all the mixtures were 

measured using the procedure described in Chapter 2. ·The density values 
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for the present mixtures were interpolated from the values given by Das et 

al. [2]. 

The interpolated values of densities and experimetnal 'XII values 

together with ~X and calculated order parameter values at different 

temperatures for mixtures B1 to Bs are tabulated in Tables 5.7 to 5.14. 

Mixtures B1 (xscB = 0.1845) has induced smectic AI phase. However, 

magnetic susceptibility values of mixture B1 in smectic AI phase have not 

been shown in Table 5.7. The experimental values in this phase were not 

consistent and this may be due to the applied magnetic field b~ing not strong 

enough to align the sample properly. We had no problem in aligning any 

other smectic AI phase of these mixtures. 

The values of ~X for perfectly. aligned samples, obtained by Hailers 

[7] extrapolation procedure, are also given in these Tables. The magnetic 

susceptibility ofME60.5 has also been measured, but the data are given in 

Chapter 7. 

The temperature variations of magnetic suceptibility anisotropy (~X) 

for mixtures B1 to B8 are shown in Figures 5.8a -5.8h. Again the changes in 

~X at smectic AI to nematic phase transition are the largest near the 

equimolar compositions. The temperature variations of order parameters for 

mixtures B1 to B8 are shown in Figures 5.9a to 5.9h. Again we have tried to 

fit our experimental order parameter values with the theoretical <P2> values 

calculated from McMillan's theory [8] by varying the values of the potential 

parameters a and B. The <P2> values for mixtures B1 and Bs have been· 

compared with Maier-Saupe values, since mixture . B8 has only nematic 

phase and for mixture B1 the experimental data are avaliable only in the 

nematic phase. It can be. seen that the agreements with theoretical values are 

good except for mixtures· B3, B4 and Bs, which are in the middle 
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<P2> values. Solid line in Figure5f indicates Maier-Saupe theoretical 

<P2> values. • = experimental data for <P2>. 
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composition region. It may not b~ out of place to mention th~t in System I 

also the worse fittings with theoretical values were the mixtures having 

composition around xscB = 0.4. In particular, in mixtures A3 (xscB = 0.40) 

and B4 (xscB = 0.4008) the agreement are the worst. This is the composition 

at which the order parameter values show a minimum (Figures 5.6 and 

5.10). Figure 5.10 shows the composition variation of order parameter of 

mixtures B1 to B8 at a constant temperatures of 35 °C. Also shown in the 

figure are the experimental <P2> values of Das et al. [2] from x-ray 

diffraction data. The agreement between two sets of <P2> values is fair. 

Again, the minimum value of <P2> occurs near xscB ~ 0.4. 

The composition variation of magnetic susceptibility in the isotropic 

phase of mixtures B1 to Bs is shown in Figure 5 .11. The Xiso values for the 

pure components are also shown in the figure. Again Xiso varies linearly with 

composition as is expected. 

In conclusion; we find that our magnetic susceptibility . data 

corroborats the findings from x-ray diffraction and refractive index studies 

on these two systems. The maximum in the stability of smectic A<t phases 

(Please see the phase diagrams Fig.5.1 and 5.2) corresponds to the niinimum 

of the order parameter. The smectic layer spacing shows a minimum in the 

same compostion range [2,3]. The minimum layer spacing can be attributed 

to specific interaction between the components of the ]nixtures, which 

stabilise the traslationally ordered smectic A<t phases, but in trying to pack 

the· different molecules in layers these interactions in effect lower the 

orientational order within the layers. This lowering in the order parameter 

values has been confirmed by our present magnetic susceptibility studies. 
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Figure 5.10. Variation of order parameter <P2> of 5CB and ME 60.5 

mixture with mole fraction of 5CB (xscB) at a fixed temperature 35°C. 

-present data from magnetic susceptibility (~X) measurement 

-data from x-ray measurement by Das et al. [2]. 
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Table 5.1 

Experimental values of the density (p) , magnetic susceptibility ( x ) , 
susceptibility anisotropy ( llx ) , and the order p~rameter < P2 > 

Temp. 

in°C 

30.0 

32.5 

35.0 

38.4 

40.5 

44.0 

47.5 

51.2 

56.5 

Sample: .Mixture (AI) of ME50.5 and 5CB 

XscB = 0.206 

Density (p) -XII X 10-7 llx x 10-s order parameter 

in gm/cc c.g.s.unit c.g.s.unit <P2 >' 

1.030 6.48 13.5 0.681 

1.027 6.51 13.1 0.661 

1.024 6.53 14.9 0.649 

1.021 6.62 11.5 0.581 

1.020 6.66 10.8 0.544 

1.017 6.72 10.0 0.502 

1.011 6.79 8.9 0.446 

1.009 6.92 7.0 0.350 
-

1.002 7.38 = Xiso 

llxo = 1.99 x 10-7 c.g.s.unit; 
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Table 5.2 

Experimental values of the density (p) , magnetic susceptibility ( :x. ) , 

susceptibility anisotropy ( !J..:x, ) , and the order parameter < P2 > 

Sample: Mixture (A2) of ME50.5 and 5CB 

XscB = 0.303 

Temp. Density (p) -:x. 11 x 1o-7 JJ..:x. x 1 o-s order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

30.5 1.036 6.51 10.1 0.682 

32.5 1.034 6.52 9.9 0.669 

35.0 1.033 6.56 9.4 0.630 

38.4 1.030 6.58 9.0 0.608 

40.5 1.029 6.61 8.7 0.583 

44.0 1.026 6.64 8.2 0.551 

47.5 1.019 6.70 7.3 0.490 

51.2 1.014 6.72 7.0 0.471 

52.2 1.013 6.77 6.3 0.422 
-

56.5 1.006 7.187 = X.iso 

IJ..X.o = 1.488 x 10-7 c.g.s.unit; 



+-

219 

Table 5.3 

Experimental values of the density (p) , magnetic susceptibility ( x ) , 
susceptibility anisotropy (Ax), and the order parameter< P2 > 

Temp. 

in°C 

30.0 

33.0 

35.0 

38.4 

40.5 

44.0 

47.5 

50.3 

51.2 

52.2 

56.5 

Sample: Mixture (A3) of ME50.5 and 5CB 

XscB = 0.400 

Density (p) -xu x 1o-7 Ax x· 10-8 order parameter · 

in gm/cc c.g.s.unit c.g.s.unit <P2 > 

1.028 7.06 7.0 0.650 

1.026 7.08 6.7 
~ 

0.620 

1.025 7.09 6.5 0.602 

1.022 7.11 6.2 0.573 

1.021 7.13 6.0 0.554 

1.018 7.14 5.8 0.541 

1.009 7.15 5.6 0.520 
' 

1.008 7.19 5.0 0.466 

1.0075 7.20 
., 

4.9 0.458 

1.006 7.21 4.7 0.436 
-

1.001 7.52 - Xi so 

AX,o = 1.08 x 10-7 c.g.s. unit; 
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Table 5.4 

Experimental values of the density (p) , magnetic susceptibility ( X, ) , 

susceptibility anisotropy ( Ax. ) , and the order parameter < P2 > 

Temp. 

in°C 

30.0 

32.5 

35.0 

38.4 

40.5 

44.0. 

47.5 

49.5 

51.2 

52.2 

Sample: Mixture (~) of ME50.5 and 5CB 

XscB = 0.501 

Density (p) -xu x 1o-7 Ax. X 10-8 order parameter 

in gm/cc c.g.s.unit c.g.s.unit <P2 > 

1.0315 6.83 11.9 0.712 

1.0290 6.84 11.7 0.693 

1.0265 6.86 11.5 0.683 

1.0233 6.88. 11.2 0.664 

1.0212 6.89 11.0 0.653 

1.0188. 6.91 10.7 0.634 

1.0129 7.09 8.0 0.479 

1.0100 7.12 7.6 0.450 

1.0075' 7.15 7.1 0.423 
-

1.0061 7.62= X.iso 

Ax.o = 1.68 x 10-7 c.g.s.unit; 
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Table 5.5 

Experimental values of the density (p) , magnetic susceptibility ( x. ) , 
susceptibility anisotropy ( Ax. ) , and the order parameter < P2 > 

Temp. 

. oc ill . 

30.0 

. 32:5 

35.0 

37.0 

38.4 

40.5 

44.0 

47.5 

52.2 

Sample: Mixture (A5) of ME50.5 and 5CB 

XscB _: 0.59 

D~nsity (p) ' 7 
-XII X 10- . Ax. X 10-8 order parameter 

in gm/cc c.g.s.unit c.g.s.unit <P2 > 

1.0230 6.79 13.7 0.738 

1.0212 6.81 13.5 0.724 

1.0195 6.83 13.2 0.711 

1.0182 6.84 13.0 0.700 

1.0170 6.87 12.5 0.675 

1.0140 7.08 .. 9.3 0.503 

1.0103 7.11 9.0 0.486 
' 

1.0049 7.17 8.1 ~ 0.436 
-

0.9988 ·7.71 - Xiso 

Axo = 1.86 x 10-7 c.g.s.unit; 

;.: 
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Table 5.6 

Experimental values of the density (p) , magnetic susceptibility ( X ) , 

susceptibility anisotropy ( A.x ) , and the order parameter < P2 > 

Temp. 

in°C 

30.0 

32.5 

35.0 

37.0 

38.4 

41.0 

42.5 

44.5 

Sample: Mixture (~) of ME50.5 and 5CB 

XscB = 0.704 

Density (p) -XII X 10-7 tJ.x x 10-s order parameter 

in gm/cc c.g.s.unit c.g.s.unit <P2 > 

1.0270 . 6.85 13.1 0.539 

1.0245 6.87 12.8 0.526 

1.0220 6.90 12.4 0.512 

1.0195 6.91 12.2 0.505 

1.0178 6.94 11.8 0.486 

1.0160 7.02 10.5 0.434 

1.0140 7.15 8.7 0.358 
-

1.0106 7.72 = Xiso 

tJ.xo = 2.425 x 10-7 c.g.s.unit; 
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Table 5.7 

Experimental values of the density (p) , magnetic susceptibility ( X ) , 

susceptibility anisotropy ( Ax ) '·and the order parameter < P2 > 

Sample: Mixture (B1) of ME60.5 and 5CB 

XscB = 0.1845 

Temp. Density (p )* -XII X 10-7 Ax x 10-s order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

52.5 1.0110 6.72 7.8 0.511 

53.5 1.0095 6.73 7.7 0.504 

54.7 1.0076 6.73 7.6 0.499 

56.5 1.0050 6.75 7.3 0.481 

58.7 1.0030 6.78 6.9 0.455 

60.3 1.0020 6.83 6.2 0.410 
-

61.6 1.0010 7.24= Xi so 

Axo ~ 1.523 x 10-7 c.g.s.unit; 

* Interpolated values from reference [1]. 
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Table 5.8 

Experimental values of the density (p) , magnetic susceptibility ( X. ) , 

susceptibility anisotropy (Ax.), and the order parameter< P2 > 

Sample: Mixture (B2) of ME60.5 and 5CB 

XscJ3 = 0.2488 

Temp. Density (p )* -x. 11 x 1o-7 Ax. x 10-s order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

30 1.0372 6.71 10.2 0.664 

35 1.0325 6.74 9.8 0.638 

38.4 1.0293 6.74 9.7 0.632 

40.5 1.0252 6.75 9.6 0.622 

45.0 1.0163 6.77 9.3 0.601 

47.5 1.0121 6.79 9.1 0.589 

50.3 1.0067 6.80 8.9 0.577 

52.2 1.0022 6.81 8.8 0.569 

55.5 0.9992 6.88 7.7 0.503 

56.5 0.9959 6.90 7.3 0.476 

58.0 0.9929 6.92 7.0 0.457 

60.5. 0.9905 6.97 6.3 0.408 

63.5 0.9872 7.39 = 'X.iso 

Axo = 1.542 x fo-7 c.g.s.unit; . 

* Interpolated values from reference [1]. 
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Table 5.9 

Experimental values of the density (p) , magnetic susceptibility ( x. ) , 
susceptibility anisotropy ( Ax. ) , and the order parameter < P2 > 

Sample: Mixture (B3) of ME60.5 and 5CB 

· XscB = 0.3025 · 

Temp. Density (p )* -111 x 1o-7 Ax x 10-s order parameter 

in°C in gm/cc . c.g.s.unit c.g.s.unit · <P2 > 

35.0 1.0305 6.72 11.2 0.625. 

38.4 1.0278 6.75 10.9 0.607 

40.5 1.0260 6.76 10.7 0.596 

44.0 1.0217 6.77 10.5 0.585 

47.5 1.0118 6.78 10.4 0.578 

52.2. 1.0110 6.80. 10.0 0.557 

56.5 1.0025 6.82 9.8 0.547 

57.8 1.0000 6.92 8.3 0.460 

58.7 0.9963 6.93 8.1 0.449 

60.0 0.9900 6.98 7.4 0.411 
-

63.5 0.9767 6.47= 'Xiso 

Axo = 1.796 x 10-7 c.g.s.unit; 

* Interpolated values from reference [1l 
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Table 5.10 

Experimental values of the density (p) , magnetic susceptibility ( x ) , 
susceptibility anisotropy ( JJ.x), and the order parameter< P2 > 

Sample: Mixture (B4) of ME60.5 and 5CB 

XscB = 0.4008 

Temp. Density (p )* -x 11 x 10-7 JJ.x x 1 o-s order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

35.0 1.0270 6.77 11.3 0.598 

40.5 1.0225 6.80 10.8 0.574 

44.0 1.0189 6.82 10.5 0.556 

47.5 1.0140 6.84 10.3 0.544 

52.2 1.0082 6.85 10.0 0.529 

56.5 1.0015 6.87 9.7 0.513 

57.9 1.0000 6.95 8.5 0.450 

58.7 0.9970 6.98 8.1 0.432 
-

60.3 0.9920 7.52 = Xiso 

/J.xo = 1.887 x 10-7 c.g.s.unit; 

* Interpolated values from reference [1]. 
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Table 5.11 

Experimental values of the density (p) , magnetic susceptibility ( x. ) , 

susceptibility anisotropy (Ax.), and the order parameter< P2 > 

Sample: Mixture(B5) of ME60.5 and 5CB 

XscB = 0.4986 

Temp. Density (p )* -111 x 1o-7 flX, X 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

35.0 1.0177 6.83 11.7 0.622 

40.5 1.0157 6.87 11.2 0.592 

44.0 1.0124 6.88 10.9 0.577 

47.5 1.0110 6.90 10.6 0.562 

52.2 1.0060 6.92 10.3 0.545 

53.5 1.0028 7.03 8.8 0.464 

54.7 0.9991 7.05 8.4 0.444 
-

56.5 0.9971 7.61 = Xiso 

flxo = 1.89 x 10-7 c.g.s.unit; 

* Interpolated values from reference [1]. 
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Table 5.12 

Experimental values of the density (p) , magnetic susceptibility ( X. ) , 

susceptibility anisotropy ( Ax. ) , and 'the order parameter <: P2 > 

Sample: Mixture (B6) of ME60.5 and 5CB 

XscB = 0.560 

Temp. Density (p )* -X.II X 10-7 Ax. X 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

35.0 1.035 6.76 14.4 0.626 

37.5 1.030 6.79 14.0 0.610 

40.5 1.023 6.81 13.6 0.593 

42.5 1.020 6.83 13.3 0.579 

45.0 1.018 6.86 12.9 0.561 

47.5 1.015 6.90 12.3 0.537 

49.0 1.010 6.98 11.2 0.487 

51.5 1.007 7.01 10.6 0.462 

52.5 1.006 7.04 10.2 0:443 

54.7 1.003 7.10 9.3 0.405 
-

56.5 1.000 7.72 = Xiso 

Ax.o = 2.30 X 1 o-7 c.g.s.unit; 

* Interpolated values from reference [1]. 
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Table 5.13 

Experimental values of the density (p) , magnetic susceptibility ( x. ) , 

susceptibility anisotropy ( fl.x.), and the order parameter< P2 > 

Sample: Mixture (B7) of ME60.5 and 5CB 

XscB = 0.643 

Temp. Density (p )* · -x. 11 x Io-7 fl.X, X 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

32.0 1.055 6.90 16.7 0.649 

35.0 1.051 6.94 16.0 0.624 

38.4 1.048 6.99 15.3 0.597 

40.5 1.046 7.01 15.0 0.583 

42.5 1.043 7.13 13.1 0.512 

45.0 1.041 7.17 12.6 ) 0.489 

47.5 1.037 7.21 12.0 0.467 

50.3 1.035 7.26 11.2 0.437 

51.3 1.030 . 7.32 10.3 0.400 
-

52.2 1.025 8.01 = X.iso 

54.7 1.019 8.01 

fl.X.o · 2.569 x 10-7 c.g.s.unit; 

* Interpolated values from reference [1]. 
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Table 5.14 

Experimental values of the density (p) , magnetic susceptibility ( x. ) , 
susceptibility anisotropy ( Ax. ) , and the order parameter < P2 > 

Sample: Mixture (Bs) of ME60.5 and 5CB 

XscB = 0. 7075 

Temp. Density (p )* -x.u x 1o-7 Ax. x 10-s order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

32.0 1.0347 7.02 15.9 0.555 

35.0 1.0301 7.04 15.6 0.546 

37.5 1.0282 7.05 15.4 0.538 

40.5 .1.0271 7.08 15.0 0.525 

42.5 1.0251 7.09 14.7 0.516 

44.5 1.0229 7.l3 14.3 0.499 

47.0 1.0197 7.18 13.4 0.469 

48.0 1.0188 7.32 11.4 0.400 
-

49.5 1.0155 8.0 8 = X.iso 

11X,o = 2.86 x 10-7 c.g.s.unit; 

* Interpolated values from reference [1]. 
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CHAPTER-6 

X-ray diffraction studies and refractive index 

meaSurements on a mesomorphic mixture showing enhanced 

smectic Ad phase and re-entrant nematic phase. 
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The phase ·diagrams of the mixtures of 4 - 'cyanobiphenyl -4' alkyl 

biphenyl - 4 - carboxylates (nCBB) and alkyloxy - 4' - cyanobiphenyls 

(nOCB) have been studied extensively by Brodzik and Dabrowski [1]. 

Some of these ririxtures have very interesting property of showing induced 

smectic ~· phase as well as re-entrant nematic phase in a particular 

composition range. Some of the mixtures even produce a smectic ~island 

in a nematic sea. Hence, these mixtures are. well suited for the study of 

physical properties, which may elucidate the formation of induced smectic. 

~ phases and re-entrant nematic phases in these mixtures. 

The mixtures of 4 - cyanobiphenyl -4' heptyl biphenyl - 4 -

carboxylate (7CBB) and 4 - dodecyloxy- 4 - cyanobiphenyl (120CB) have 

been studied by us. Figure 6.1 shows the phase diagram of this mixture as 

obtained by Brodzik et al.[1]. This system shows enhanced smectic ~ 

phase as well as re-entrant nematic phase. Wheteas, in 120CB the smectic 

·~ phase is stable only . upto 88.5 °C, in this mixture at optimum 

composition the smectic ~ phase can exist upto 264°C. Due to this 

·unusual properties we decided to study this mixture by small angle x-ray 

diffraction technique and ~lso to measure the density anp refractive index 

of this mixture. 

The pure compounds were prepared at the Institute of Chemistry, 

Military University of Technology, Warsaw. Mixtures were prepared at 

Physics Department, North Bengal University, where the X-ray diffraction 

studies and refractive index measurements were performed. Mi~tures of 

120CB and 7CBB were prepared with six different compositions all in the 

range showing enhanced smectic ~ phase. One of the mixtures, having 
\ 

mole fraction of 0.917 of7CBB, showed re-entrant nematic phase as well. 

The transition temperature of the mixtures were determined by observing 
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Figure 6.1. Phase diagram ofbicomponent mixture (7CBB and 120CB). 
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textures under polarising . rmcroscope, usmg Mettler FP 80/82 

thermosystem. Unfortunately, at higher temperatures the components 

decompose, so no high temperature (>200°C) experiments could be 

performed on these mixtures. The composition of mixtures studied were 

X7CBB = 0.917 (mix. C1), 0.80 (mix. Cz), 0.604 (mix. C3), 0.502 (mix. C4), 

. 0.296 (mix. Cs),. 0.202 (mix. C6), x1cBB being the mole fraction of 7CBB. 

The method of refractive index and density measurements and the details 

of x-ray diffraction set-up used have been described in Chapter 2. Since, 

mixture C1, having mole fraction 0.917 of 7CBB, shows both enhanced 

smectic At and re-entrant nematic phases, we studied this mixture more 

thoroughly. The transition temperatures of the mixtures as observed by us 

are given below: 

r. Mix. c1 

120J°C 162°C -261°C -340°C 
K Nre < >SAd< >N < >I 

104.8°C 

ll. Mix. Cz 

116°C -260°C -315°C 
K SAd < >N < >I 

100.1°C 

III. Mix. C3 

101.8°C -224.7°C ,.., 251.4°C 2-67.6°C 
K SAd<. >N < ' >N+I< >I 

85°C 

IV. Mix. C4 

93.2°C, 



>---

~-

236 

V. Mix. Cs 

70°C 140°C 181.6°C 
K SAd< >SAd+I < >I 

32.6°C 

VI-. Mix. c6 
65°C 117.6°C 160°C 

K SAd< > SAd+I< >I 
30.3°C 

All the transition temperatures agree with the values obtained from the 

phase diagram [1] for this mixture. The densities and the values of 

ordinary and extraordinary refractive indices at three different wave lengths 

(5461 ~ 5780 A and 6907 A) for mixture C1 in the temperature range 

120°C to 175 °C have been tabulated in Table 6.1. Above 175 °C the 

sample started to decompose, so experimental data at higher temperatures 

could not be taken. The temperature variation of the density for mixture C1 

is shown in Figure 6.2. No discontinuity in the density value could be 

observed at the re-entrant nematic to smectic ~phase. Hence, this phase 

transition is -probably of the second order. The temperature variation of the 

ordinary and extraordinary refractive indices at three different wavelengths 

is given in Figure 6.3. It can be seen that refractive indices also vary 

continuously across the re-entrant nematic to smectic ~ phase transition. 

The polarisability values- calculated according to Vuks formula (equation 

2.24 & 2.25) and Neugebauer formula (equation 2.22 & 2.23) are given in 

Tables 6.2 and 6.3 res-'?ectively. The polarisability and anisotropies in the 

perfectly ordered state are determined by Haller's extrapolation method. 

The order parameters calculated using Vuks and Neugebauer procedure are 

given in Tables 6.4 and 6.5 respectively. Though the two methods give 

quite different values of f)..x_ ( xn- X-L), the order parameter values agree 
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Figure 6.2. Density values as a function of temperature. 
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Figure 6.3. Variation of refractive indices (n0 , ne) with temperature. 
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Figure 6.4. Temperature variation of orientational order parameter <P2> in 
the re-entrant nematic and induced smectic Aci phase. 
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almost exactly. Figure 6.4 shows the temperature variation of the order 

parameter as calculated from refractive index data. Again we find that 

there is no sudden change in the order parameter value at the re-entrant 

nematic to smectic At phase transition temperature. 

X-ray diffraction patterns were recorded for mixture C1 at ten 

temperatures betweety125°C to 195°C. A tri.agnetic tiel~ of 5 kilogauss was 

applied to align the sample. However, at three temperatures near the re­

entrant nematic to smectic Ao. phase transition the sample could only be 

partially aligned. The sample could be taken to higher temperature (195°C) 

without decomposition, since the sample was sealed in a glass capillary 

tube, where atmospheric oxygen could not get in to react with the 

chemicals. In case of refractive index and density measurements, our 

system was not sealed, hence decomposition set in . at a lower (--17 5° C) 

temperature. 

·Angular distribution of the intensities of the outer x-ray diffraction 

pattern after conversion from optical density to x~ray intensity and 

correction for the background are tabulated in Tables 6.6 and 6.7. These 

intensity data have been analysed to obtain angular distribution function 

usmg Leadbetter [2] procedure and the angular distribution function values 

are given in Tables 6.8 and 6.9. The order parameters as calculated from 

the x-ray data for this mixture (mix.C1) at different temperatures are 

tabulated in Table 6.10. Figure 6.5 shows the temperature variation of order 

parameter for mix.C1 as obtained from x-ray diffraction and refractive 
().· 

index studies. It can be seen that if the <P2> values obtined from partially 
t' 

aligned samples be ignored then the agreement between ordet parameters 

determined from two different techniques is fair. However, since samples 

near the Nre- Smectic At transition could not be aligned for x-ray 

r 
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diffraction studies, the nature of this phase transition could not be inferred 

from x-ray studies. But, the density and refractive~w that Nre- Smectic 

AI transition is most probably of the second order. _ 

The rest five mixtures have only smectic ·Ad and normal nematic 

phases at high temperature. None of the mixtures in the smectic phase 

could be aligned in the magnetic field at our disposal (,..,5 kilogauss). The 

x-ray diffraction pattern of the normal nematic phase could not be obtained 

since the sample started to decompose at higher temperatures. Hence, only 

layer thickness measurements could be done for these mixtures in their 

smectic AI phase from the study of the inner arc of the x-ray diffraction 

pattern. The layer thickness at different temperatures for all the six 

mixtures are recorded in Tables . 6.11 and 6.12. The apparent molecular 

lengths in the re-entrant nematic phase of mixture C1 have also been given 

in Table 6.11. X-ray diffraction photographs from t,he mixture C1 in there-
. ,·. 

entrant nematic phase (at 125~C ~d 1S.0°C) and in the smectic AI phase 

(185°C) are shown in Plates 6a-6c·. The temperature. variation of apparent 

molecular length in the re-entrant nematic phase and of layer thickness of 

the smectic AI phase for mixture C1 is shown in Figure 6.6. It can be seen 

that the apparent molecular lenght in the re-entrant nematic phase in 

mixture C1 is about 39.8 A, whereas the layer thickness in the smectic AI 

phase of the same mixture i~ about 3 8. 7 A. So there is definite re­

arrangement of molecular packing at the phase transition. The apparent 

molecular length in the Nre phase very near the· transition temperature is 

almost equal to the smectic layer thickness. This may be due to the pre­

transitional effect, when smectic like clusters may be forming in the re­

entrant nematic phase. Hence, x-ray diffraction from the re-entrant nematic 

phase near the transition temperature should be very similar to those from 
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Plate 6a: X -ray diffraction photograph of the oriented sample in the 

re-entrant nematic phase of 7CBB+ 120CB mixture at 125°C. 

Plate 6b: X-ray diffraction photograph of the oriented sample in the 

re-entrant nematic phase of7CBB+ 120CB mixture at 125°C. 

Plate 6c: X-ray diffraction photograph of the oriented sample in the smectic 

~phase of7CBB+ 120CB mixture at 185°C. 
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Figure 6.6. Temperature variatiO!l ofapparent molecular length (lap> in the 

re-ent~ant nematic phase and of layer thickness (d) in the smectic Ad phase 
from x-ray photographs. 
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the smectic AI phase. Indeed the x-ray diffraction pattern (Plate 6b) from 

re-entrant nematic phase of mixture C1 at 150°C does show typical inner 

spots due to cybotactic clusters. 

The temperature variation of the layer thickness in the mixture C2 to 

mixture C6 are shown in Figure 6.7a- 6.7e. It can be seen that the layer 

thicknesses are almost independent of temperature. This is quite common 

in smectic A phases. The composition variation of layer thickness at 120°C 

(except for mixture C1 for which the layer thickness is at 170°C) is shown 

in Figure 6.8. The variation shows a broad maximum of -40A at about 

equimolar concentration. This has already been reported by us [ 5]. This is 

in contrast to some polar-nonpolar mixtures [3,4] showing induced smectic 

AI phase, where the layer thickness shows a minimum at about equimolar 

composition. However, this maximum is not difficult to explain. The model 

molecular lengths of 7CBB and 120CB molecules are 31.5A and 25.6A 

respectively. 7CBB has a latent smectic A1 phase [1], that means that pure 

7CBB, if it forms a smectic phase will have a layer thickness of about 

31.5A. 120CB forms a partial bilayer smectic (i.e. smectic AI ) phase of 

layer thickness 37.5A approximately [6]. However, in the mixture of 7CBB 

and 120CB dimer formation between 7CBB and 120CB will certainely 

occur. We can assume that in an equimolar mixture 7CBB + 120CB 

dimers will predominate in number over 120CB + 120CB dimers. The 

length of 7CBB + 120CB dimer should be greater than 120CB + 120CB 

dimers and this length should be almost equal to the layer thickness of the 

smectic phase of equimolar mixture of 7CBB and 120CB. To estimate the 

length of 7CBB + 120CB dimers, we can proceed as follows~ The length 

of 120CB molecule is 25.6A and that of its dimer is 37.5A, if we assume 

that the layer thickness in the smectic A phase of 120CB is equal to its 
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dimer length. Then the overlap of the two 120CB molecules in the dimer is 

about 14A. Now 7CBB molecule contains a cyanobiphenyl part identical to 

that in 120CB. Since dimer formation is enhanced by the presence of 

cyanobiphenyl in a molecule, we can assume that in 7CBB + 120CB dimer 

an identical overlap of the molecules (16A) takes place as in 120CB + 

120CB dimer. Hence, the length of7CBB +120CB dimer comes out to be 

31.5A + 25.6A - 14A = 43.1A. This value is slightly greater than the 

maximum value of the layer thickness ( ~ 40A) observed in the in the 

mixture of 7CBB and 120CB. If we consider the presence of 120CB 

dimers and some 7CBB monomers then the mean layer thickness should be 

reduced somewhat from 43.1A. As the composition changes from 

equimolar, the number of 7CBB + 120CB dimers reduces and 120CB + 

120CB dimers increases. Since the 120CB dimers (37.5A) are shorter than 

7CBB + 120CB ,C43.1A) dimers, it means that the effective layer thickness 

should be maximum for equimolar mixture. This is exactly what is seen in 

Figure 6.8. Further work is in progress to explain quantitatively this 

variation of layer thickness with mole fraction. 
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Table 6.1 

Density (p) and refractive indices (n0 , De) at different temperatures 

of mixture C1 (X7CBB = 0.917) of 7CBB and 120CB. 

Temp. Density 'A=6907 A_ 'A=5780A 'A= 5461 A 

in°C in gm/cc llo I lle llo I lle llo I lle 

120 1.088 1.470 1.739 1.476 1.745 1.482 1.751 

124 1.085 1.471 1.738 1.478 1.744 1.483 1.751 

128 1.081 1.473 1.736 1.479 1.743 1.485 1.750 

130 1.080 1.473 1.735 1.480 1.742 1.485 1.749 

132 1.078 1.474 1.735 1.481 1.741 1.486 1.748 

135 ·1.076 1.475 1.733 1.482 1.739 1.488 1.746 

139 1.072 1.476 1.730 1.483 1.738 1.489 1.743 

144 1.068 1.479 1.727 1.485 1.733 1.491 1.739 

148 1.065 1.480 1.725 1.486 1.731 1.493 1.737 

152 1.062 1.482 1.723 1.488 1.728 1.495 1.734 

156 1.059 1.483 1.720 1.489 1.725 1.496 1.731 

158 1.057 1.485 1.718 1.490 1.725 1.497 1.730 

160.3 1.055 1.485 1.715 1.491 1.722 1.497 1.727 

163 1.053 1.486 1.713 1.493 1.719 1.500 1.725 

167 1.050 1.488' 1.709 1.494 1.715 1.500 1.721 

171 1.046' 1.490 1.705 1.495 1.711 1.503 1.718 

175 1.043 1.491 1.703 1.497 1.706 1.503 1.713 



Table 6.2 

Polarisability ( <lo, <le) at different temperatures of mixture C1 

(x7cBB = 0.917) by Vu~ method 

Temp. A-=6907 A 'A=5780A 'A= 5461 A 

in'°C <lo I <le <lo I <le <lo I <le. 

120 44.07 76.88 44.56 77.37 45.04 77.86 

124 44.31 76.95 44.87 77.48 45.26 78.00 

128 44.68 76.99 45.16 77.48 45.64 78.09 

130 44.77 76.94 45.34 77.49 45.72 78.09 

132 44.91 76.97 45.46 77.50 45.92 78.00 

135 45.15 76.97 45.68 77.49 46.16 77.92 

139 45.44 76.81 45.93 77.42 46.50 77.81 

144 45.89 76.66 46.40 77.08 46.89 77.61 . 
148 46.16 76.61 46.69 77.02 47.19 77.55 

152 46.51 76.51 46.99 76.93 47.57 77.43 

156 46.75 76.36 47.28 76.78 47.87 77.17 

158 47.03 76.18 47.45 76.80 48.05 77.13 

160.3 47.18 75.99 47.66 76.57 48.17 76.99 

163 47.44 75.83 47.95 76.37 48.54 76.81 

167 47.77 75.61 48.28 76.12 48.83 76.62 

171 . 48.16 75.31 48.58 75.87 49.23 76.33 

175 48.43 75.26 . 48.98 75.44 49.47 76.01 

<lo & <le are in 1 o-24 cm3 unit. 
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Table 6.3 

Polarisability ( a 0 , <Ie) at different temperatures of mixture Ct 

(x7cBB = 0.917) by Neugebauer method 

Temp. 'A=6907 A 'A=5780A 'A= 5461 A 

in°C <lo I Cle ao I Cle ao I ae 

120 46.07 72.89 46.57 73.34 47.08 73.79 

124 42.29 72.98 46.88 73.47 47.29 73.94 

128 46.65 73.05 47.15 73.50 47.66 74.06 

130 46.73 73.02 47.32 73.53 47.74 74.06 

132 46.87 73.06. 47.43 73.55 47.29 74.01 

135 47.09 73.08 47.64 73.52 48.14 73.96 

139 47.35 72.98 '47.87 73.53 48.45 73.90 

144 47.77 72.90· 48.29 73.29 48.80 73.78 
\ 

148 48.02 72.89 48.56 73.28 49.08 73.76 

152 48.35 72.85 48.84 73.23 49.43 73.70 

156 48.56 72.74 49.10 73.14 49.70 73.51 

158 48.81 72.61 49.26 73.17 49.86 73.50 

160.3 48.94 72.47 49.45 73.00 49.97 73.40 

163 49.18 72.36 49.71 72.85 50.31 73.28 

167 49.47 72.21 50.00 72.68 50.56 73.15 

171 49.82 72.00 50.27 72.50 50.92 72.94 

175 . 50.07 71.98 50.61 72.18 51.12 72.70 

ao & ae are in 1 o-24 cm3 unit. 
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Table 6.4 

Order parameter < P2 > of mixture Ct(X7cBB = 0.917) at different 

temperatures by Vuks method. 

(au - a_1_) = 45.45 in 10-24 cm3 unit. 

Temp. 'A=6907 A 'A= 5780A 'A= 5461 A Average 

in°C <P2> <P2> <P2> <P2> 

120 0.722 0.722 0.722 0.722 

124 0.718 0.717 0.720 0.718 

128 0.711 0.708 0.714 0.711 

130 0.708 0.707 0.712 0.709 

132 0.705 0.705 0.706 0.705 

135 0.700 0.698 0.699 0.699 

139 0.690 0.693 0.689 0.691 

144 0.677 0.675 0.676 0.676 

148 0.670 0.667 0.668 0.668 

152 0.660 0.659 0.657 0.659 

156 0.652 0.649 0.644 0.648 

158 0.641 0.646 0.640 0.642 

160.3 0.634 0.636 0.634 0.635 

163 0.625 0.625 0.622 0.624 

167 0.613 0.612 0.611 0.612 

171 0.597 0.600 0.596 0.598 

175 0.590 0.582 0.584 0.585 
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Table 6.5 

Order parameter < P2 > of mixture C1 (x7cBB = 0.917) at different 

temperatures by Neugebauer method. 

( a11 - a.1) = 37.05 in 10-24 cm3 unit. 

Temp. 'A=6907 A 'A= 5780A 'A=5461 A Average 

in°C <P2> <P2> <P2> <P2> 

120 0.724 0.723 0.721 0.723 

124 0.720 0.718 0.719 0.719 

128 0.713 0.711 0.713 0.712 

130 0.710 0.707 0.711 0.709 

132 0.707 0.705 0.704 0.705 

135 0.702 0.699 0.699 0.600 

139 0.692 0.693 0.687 0.691 

144 0.678 0.675 0.674 0.676 

148 0.671 0.667 0.666 0.668 

152 0.661 0.659 0.655 0.658 

156 0.653 0.649 0.643 0.648 

158 0.642 0.645 0.638 0.642 

160.3 0.635 0.636 .0.632 0.634 

163 0.626 0.625 0.620 0.624 

167 0.614 0.612 0.610 0.612 

171 0.598 0.600 0.595 0.598 

175 0.591 0.580 0.582 0.585 



Table 6.6 

Mean experimental intensity values l( lJI), in arbitrary units, of 

7CBB and 120CB mixtureC1 (x7cBB = 0.917) after background 

correction. 

"' I ( lJI ) values at different temperatures in degrees 

in deg. 125 I 130 I 135 I 140 I 145 

0 3.21 3.31 1.54 1.64 1.01 

5 2.87 3.04 1.34 1.54 0.90 

10 
( 

2.22 2.38 1.01 1.29 0.78 

15 1.72 1.72 0.95 1.02 0.64 

20 1.08 1.13 0.46 0.79 0.51 

25 0.68 0.67 0.29 0.60 0.39 

30 0.42 0.38 0.18 0.43 0.29 

35 0.26 0.19 0.08 0.30 0.22 

40 0.16 0.11 0.04 0.21 0.16 

45 0.10 0.09 0.03 0.15 0.11 

50 0.08 0.07 . 0.03 0.11 0.08 

55 0.07 0.06 0.03 0.07 0.06. 

60 0.03 0.04 0.02 0.05 0.04 

65 0.02 0.04 0.02 0.04 0.03 

70 -0.01 0.04 0.01 0.03 0.02 

75· 0.00 0.03 0.01 0.03 0.01 

80 0.00 O.Oi 0.00 '0.02 0.00 

85 0.00 0.00 0.00 0.01 0.00 

90 0.00 0.00 0.00 0.00 0.00 
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Table 6.7 

Mean experimental intensity values I ( lJI ) , in arbitrary units , of 

7CBB and 120CB mixtureC1 (x7cBB = 0.917) after background 

correction. 

"' I ( \fl ) values at different temperatures in degrees 

in deg. 150 I 155 I 165 I 185 I 195 

0 3.01 3.08 2.95 2.80 1.57 

5 2.96 3.04 2.93. 2.75 1.49 

10 2.81 3.01 2.88 2.63 1.33 

15 2.57 2.92 2.81 2.45 1.10 

20 2.28 2.81 2.67 2.20 0.90 

25 1.98 2.62 2.51 1.88 0.70 

30 1.64 2.42 2.31 1.58 0.53 

35 1.30 2.17 2.34 1.20 0.39 

40 0.99 1.92 1.60 0.93 0.28 

45 0.73 1.62 1.26 0.73 0.21 

50 0.52 1.35 0.94 0.50 0.16 

55 0.34 1.04 . 0.69 0.35 0.13 

60 0.22 0.75 0.49 0.23 0.08 

65 0.14 0.50 0.31 0.15 0.05 

70 0.08 0.35 0.20 0.10 0.04 

75 0.05 0.23 0.11 0.08 0.04 

80 0.04 0.14 0.05 0.05 0.03 

85 0.02 0.05 0.01 0.03 0.01 

90 0.00 0.00 0.00 0.00 0.00 

256 



257 

· Table 6.8 

Normalised distribution function values f ( J3 ) of 7CBB and 120CB 

mixture C1 ( x = 0.917 ). ..-

f3 f ( f3 ) values at different temperatures in degrees 

in deg. 125 I 130 I 13~ I 140 I 145 

0 18.828 19.529 22.266 12.064 11.198 

5 17.263 17.139 19.898 11.183 10.498 

10 12.250 12.329 14.234 9.206 8.625 

'15 7.999 8.118 8.375 6.856 6.257 

20 5.060 5.265 4.515 4.996 4.294 

25 3.162 3.360 2.600 3.668 3.086 

30 1.861 1.871 1.651 2.322 2.378 

35 0.983 0.825 0.950 1.356 1.817 

40 0.781 0.332 0.366 0.825 1.208 

45 0.249 0.155 0.099 0.488 0.679 

50 0.158 0.094 0.036 0.335 0.388 

55 0.126 0.083 0.031 0.297 0.277 

60 0.111 0.097 0.035 0.246 0.244 

65 0.086 0.101 0.045 0.165 0.209 

70 0.050 0.074 0.036 0.:093 0.128 

75 0.006 0.039 0.014 0.043 0.049 
" 

80 0.002 0.013 0.00 0.020 0.012 

85 0.00 0.005 0.00 0.014 0.004 

90 0.00 0.002 0.00 0.012 0.002 
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Table 6.9 

Normalised distribution function values f ( J3 ) of 7CBB and 120CB 

mixture C1 ( x = 0.917 ). 

f3 f ( J3 ) values at different temperatures in degrees 

in deg. 150 I 155 I 165 I 185 I 195 

0 5.388 2.586 3.076 4.716 9.115 

5 5.193 2.655 3.097 4.730 8.586 

10 4.751 2.767 3.074 4.674 7.300 

15 4.284 2.737 2.905 4.385 5.816 

20 3.884 2.538 - 2.677 3.864 4.481 
'(.j, 

25 3.449 2.332 2.585 3.276 3.359 

30 2.839 2.226 2.661 2.730 2.425 

35 . 2.165 2.148 2.652 2.204 1.678 

40 1.595 1.935 2.231 1.662 1.135 

45 1.153 1.565 1.545 1.159 0.778 

50 0.812 1.975 0.999 0.778 0.534 

55 0.545 0.942 0.702 0.528 0.406 

60 0.340 0.767 0.546 0.365 0.292 

65 0.198 0.581 0.404 0.243 0.195 

70 0.110 0.353 0.233 0.144 0.119 

75 0.060 0.165 0.099 0.077 0.069 

80 0.031 0.070 0.036 0.040 0.042 

85 0.014 0.030 0.016 0.025 0.029 

90 0.009 0.026 0.00 0.021 0.025 
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Table 6.10 

Variation of < P2 > and < P 4 >with temperature. 

Sample:- 7CBB & 120CB mixture C1 

X7CBB = 0~917 

Temperature in °C I <P2> I <P4> 

125 0.790 0.498 

130 0.795 0.524 

135 0.802 0.534 

140 0.693 . 0.360 

145 0.665 0.306 

150 0.563 * 
155 0.395 * 
165 0.457 * 
185 0.553 

195 0.626 0.264 

259 

* data from partially aligned sample, magnetic field not ~ufficient for 
alignment. 
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Table 6.11 

Apparent molecular length ( lap ) or layer thickness ( d ) at different 

temperatures for mixtures of 7CBB & 120CB. 

Mix.C1 

(X7CBB = 0.917) 

Temp. lap or d 

120 

125 

130 

135 

140 

145 

inA 

39.92 

39.93 

39.75 ' 

39.84 

39.89 

39.74 

150 38.50 

155 37.76 

165 38.62 

175 

185 

38.83 

38.70 

195 38.52 

Mix.C2 

(X7CBB = 0.80) 

Temp. d 

110 

120 

130 . 

140 

150 

inA 

39.15 

39.24 

39.46 

39.21 

39.08 

Mix.C3 

(X7CBB = 0.604) 

Temp. d 

100 

110 

120 

130 

140 

150 

inA 

39.98 

40.18 

40.08 

40.12 

40.12 

40.05 
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Table 6.12 

Layer thickness (d) at different temperatures for mixtures of7CBB 

& 120CB. 

Mix:C4 

(X7CBB = 0.502) 

Temp. d 

100 

110 

120 

130 

150 

165 

inA 

40.59 

40.38 

40.35 

40.86 

40.45 

40.72 

Mix.Cs 

(X7CBB = 0.296 ) 

Temp. d 

90 

100 

110 

120 

130 

inA 

39.72 

40.12 

39.85 

39.92 

39.92 

Mix.C6 

(X7CBB = 0.202) 

Temp. d 

70 

80 

90 

100 

110 

120 

inA 

39.79 

39.53 

39.66 

39 . .79 

40.12 

39.78 
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Table 6.13 

Concentration variation of layer thickness (d) for mixture of 7CBB & 

120CB at 120 °C { except point x7cBB = 0.917 (il) for which 

temperature is about 170 °C }. 

X7CBB lap or dinA 

0.202 39.78 

0.296 39.92 

0.502 40.35 

0.604 40.08 

0.800 39.24 

0.917 38.66 
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CHAPTER-7 

Magnetic susceptibility, bend and splay elastic constants of four 

nematogens. 
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In this chapter I report the . temperature variation of magnetic 

susceptibility anisotropy values for four nematogens. The bend and splay 

elastic constants of two nematogens have also been reported. The 

experimental data for magnetic anisotropy have been analysed to calculate 

the order parameter of the nematogens. 

The liquid crystalline compounds studied with their chemical names, 

chemical structure and transition temperatures are given below: 

I. 4 -n- pentyl phenyl- 4 - n' pentyloxy benzoate. 
(ME 50.5 in short). 

C5Hll-O-Ph-COO-Ph-C5Hll 

40.2°C 
K N <'---------'> I 

<29°C 
II. · 4 -n- pentyl phenyl- 4 - n' hexyloxy benzoate. 

(ME 60.5 in short). 

C6Hl3-0-Ph-COO-Ph-C5Hll 

· III. 3E-n-butane-phenyl-( 4-cyclohexane-4' -n-propane )-ether 
(3CPOd(3)1 in short). 

43°C 58°C 

25.5°C 

IV. 3E-n-butane-phenyl-( 4-cyclohexane-4' -n-pentane )-ether 
(5CPOd(3)1 in short). 

32°C 67°C 
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ME 50.5 and ME 60.5 were obtained from E. Merk, U. K. The 

other two chemicals were donated to us by Hoffmann La Roche, 

Switzerland. All the chemicals were used without further purification. The 

J transition temperatures were determined by observing their textures under 

polarising microscope using Mettler FP 80/82 thermosystem. The transition 

temperatures agreed with the values supplied by the manufacturers. The 

nematogens ME 50.5 and ME 60.5 have been used frequently in liquid 

crystalline mixtures, which shows induced smectic A<t phases [1-5]. The 

density and refractive· indices of both the compounds in their mesophase 

have been determined by Adamski [7]. The density and refractive indices 

of ME 60.5 have also been reported by other workers [1,8]. Das et al [2,3] 
' 

have also studied these nematogens and calculated order parameters from· 

x-ray diffraction data. 

The refractive indices and elastic constants of the compound 

3CPOd(3)1 have been report~d by Schadt et al [9,10]. The density and 

refractive indices of both 3CPOd(3)1 and 5CPOd(3)1 have been 

determined by Nath et al [11,12]. They have also determined order 

parameters and other molecular parameters from the x-ray diffraction 
~ 

studies of these tw~ nematogens [11]. ., 

Magnetic susceptibility, density and elastic constants of the 

nematogens were determined following t4e procedure given in Chapter-2. 
\ . 

The experimental values of density and XII, the magnetic 

susceptibility along the director, at different temperatures for ME 50.5 are 

Tabulat~d in Table 7.1. The calculated values of ~'X and order parameters 

are also shown in the Table. The value of ~X for perfectly ordered sample 

was determined by Haller's extrapolation method (Chapter 2) and this value 

is also given in Table 7 .1. The corresponding density, XII , ~X and <P2> 



267 

~ 
1.04 I 

Sample:ME50.5 

• 
• • 

ci 1.03 • ci 
........ 

E • Cl 

.!: 
>. -·u; • c::: • Q) 

0 1.02 

• 
• 

Nematic I so. 

1.01 l 
30 40 50 60 

Temperature in °c 

Figure 7. 1. Density values as a function of temperature. 
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Figure 7 .3. Temperature variation of the anisotropy of the diamagnetic susceptibility (AX). 
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Figure 7.4. Temperature variation of Order Parameter <P2>. 

Continuous curve corresponds to Maier-Saupe theoretical values. 
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Figure 7.5. Temperature variation of Order Parameter <P2>. 

Continuous curve corresponds to Maier-Saupe theoretical values. 
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values for 60.5 are given Table 7.2. The density values are those 

interpolated from the data of Das et al [1]. The temperature variation of 

density _of ME 50.5 is shown in Figure 7 .I. Figures 7.2 and 7.3 show the 

temperature variations of fl.x for ME 50.5 and ME'60.5 respectively. Our 

magnetic susceptibility values for ME 60.5 are in good agreement with 

those obtained by Ibrahim and Haase [8]. The temperature variation of 

order parameters of ME 50.5 and ME 60.5 are shown in Figures 7.4 and 

7.5 respectively. The theoretical Ma.ler-Saupe order parameter values are 

also shown in the Figures. The agreement between our experimental values 

and Maier-Saupe calculated values of <P2> is good except near the 

nematic-isotropic transition temperature: This type of behaviour of the 

order parameters calculated from magnetic susceptibility is quite common 

(see for example Chapter 3 and Chapter .4 of this thesis). The order 

parameter values of ME 60.5 are some what larger than those obtained by 

Das et al [1] from refractive index data. However, Das et al [2] calculated 

<P2> from x-ray diffraction data for ME 60.5 and found values which are 

slightly larger than the present <P2> values obtained from magnetic 

susceptibility. 

The values of splay and bend elastic constants of ME 50.5 at 

different temperatures are given in Tables 7.3 and 7.4 respectively. Tables 

7.5 and 7.6 show th~ values of splay and bend elasitic constants 

respectively. The values of critical magnetic field and the sample 

thicknesses are also recorded in the respective Tables. The temperature 

variation of splay elastic constants for ME 50.5 and ME 60.5 are shown in 

Figures 7.6 and 7. 7 respectively. Similarly, the temperature variation of 

bend elastic constants for ME 50.5 and ME 60.5 are shown in Figures 7.8 

and 7.9 respectively. All the four Figures show normal behaviour, i.e., 



(]) 
c 

..t- >. 
"0 

'9 
0 ..... 
X~ 

..z 

-~ 

0.85 

0.65 

0.45 

Sample: ME50.5 

• 
• 

• 
• 

10 20 

Figure 7.6.Splay elastic constant ( K11 ) as a function of relative 

temperature ( Tc- T ). 

Sample: ME60.5 
• 

• 
• 

• 

• 

• 
0.25 L.......~~ .......... ~~_.__.___,__,_~..__..~~ .......... ~-L.__.__.'--'-_,_~..__..~_.__, 

0 10 20 30 

Figure 7.7. Splay elastic constant ( K11 ) as a function of relative 

temperature ( T
0

- T ). 

272 



0.9 
Q) 
c 
;;,... 
-o 

<If· 
0 

0.7 ..--
X"' 

~ 

0.5 

0.3 

-"'( 

0.85 

(]) 
c:: 

.,.l 
>. 
-o 

"" 
0.65 

0 

x., 
-:L' 

0.45 

0.25 

Sample~ MESO.S 
• 

• 
• 

• 

• 

• 
0 10 20 

Figure 7.8. Benet elastic constant ( K33 ) as a function of refatfve 

temperature ( Tc - T). 

0 

Sampfe~ ME60.5 • 
• 

• 

• 
• 

• 
fO 20 30 

( T
0

- T) in °C 

Figure 7.9. Bend efastfc constant ( K33 ). as a function of relative 

temperature (T0 - T ). 

273 



Ffgure 7.10. Bend to Spfay efastfc constant ratfo ( ~~ K11 ) as a functfon 

of refatfve temperature (Tc- T ). 

1.3 .----------------------------, 

Sample: ME60.5 

• • 
1.1 

• 
• • 

0.9 L____,____._;~_._~~---'-~--'--~~~~~~~---'----'--~~___._~__.__, 
0 10 20 

Figure 7.11. Bend to Spfay efastfc constant ratfo ( K33 f K11 ) as a functfon 

ofrefatfve temperature (Tc- T). 

274 



·~· 

275 

elastic constants are increasing with decreasing temperatures. The bend to 

splay elastic constant ratios ~or ME 50.5 and ME 60.5 are given in Table 

7.7 and shown in Figures 7.10 ,and 7.11 respectively. The K33 /K11 ratios 

for both the nematogens are greater than 1 at all temperatures and also 

increase with decreasing temperatures. This behaviour is quite common in 

normal nematogens. It is well known [13] that if any alkoxy part in a 

mesogenic compound is replaced by corresponding alkyl chain, then K33 

/K11 ratio is larger in the alkoxy compound than that in the alkyl 

compound. It can be seen that if the alkoxy chain in ME 50.5 is replaced 

by corresponding alkyl chain then· the resulting compound is ME 5.5, 

whose K33/Ku values are given by Bradshaw et al.[13]. One can see that 

the K33 /K11 value of ME 5.5 are smaller than those of ME 50.5 if 

comparisons are made at the same relative temperature (Tc - T). For 

example at Tc- T = 24.9 °C, the K33 /K11 ratio for ME 50.5 and ME 5.5 are 

1.194 and 1.145 respectively. 

The values of density, XII , ~X, and< Pz >at different temperatures 

for 3CPOd(3)1 and 5CPOd(3)1 are tabulated in Tables 7.8 and 7.9 

respectively. The values of ~X for< Pz > = 1 are obtained by Haller's 

extrapolation method (Chapter 2) and are shown in the Tables. The density 

values shown in the Tables are interpolated from the density values given 

by Nath et al.[12]. The temperature variation of ~X for 3CPOd(3)1 and 

5CPOd(3)1 are shown in Figures 7.12 and 7.13 respectively. The values of 

~X changes discontinously at the clearing temperature as it should for 

nematogens. Figures 7.14 and 7.15 show the temperature variation of order 

parameter for 3CPOd(3)1 and 5CPOd(3)1 respectively. The order 

parameter values calculated.from Maier-Saupe theory are also shown in the 

figures. Again, the agreements are very good except near the nematic to 
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Figure 7.15. Temperature variation of orientational order parameter <P2> 
obtained from magnetic susceptibility measurement. 

Continuous curves correspond to Maier-Saupe theoretical values. 
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isotropic transition temperature. The present order parameter values for 

both the nematogens are slightly lower than the <P2> values calculated 

from x-ray diffraction data [11 ], but are somewhat greater than those 

determined from refractive index data [11]. This trend in order parameter 

values obtained from different techniques is also well known and has been 

discussed in a previous Chapter (Chapter-3) in some detail. The bend and 

splay elastic constant for 3CPOd(3)1 have been reported earlier [9.10] and 

those for both 3CPOd(3)1 and 5CPOd(3)1 have been measured in our 

laboratory [13]. The K33 /K11 ratio for both the nematogens are greater than 

1 and the temperature variation of elastic constants have no abnormal 

behaviour. 
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Table 7.1 

Experimental values of the density (p) , magnetic susceptibility (X) , 

susceptibility anisotropy (Ax), and the order parameter< P2 >. 

Sample: ME50.5 

Temp. Density (p) -xu x 10-7 Ax x Io-s order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

35 1.0367 6.40 8.9 0.576 

38.5 1.0336 6.42 8.5 0.555 

40.5 1.0326 6.44 8.3 0.542 

44 1.0292 6.45 8.2 0.533 

47.5 1.0262 6.49 7.5 0.488 

52.2 1.0221 6.59 6.1 0.395 

53.5 1.0215 6.62 5.6 0.367 
-

56.5 1.0186 6.99 = Xiso 

Axo = 1.54 x 10-7 c.g.s.unit; 
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Table 7.2 

Experimental values of the density (p) , magnetic susceptibility (X.) , 

susceptibility anisotropy ( Ax. ) , and the order parameter < P2 >. 

Sainpie: ME60.5 

Temp. Density (p )* -XII X 10-7 Ax. X 10-8 order parameter 

in°C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

37.5 1.0193 6.69 7.2 0.591 

38.4 1.019. 6.70 7.1 0.583 

39.3 1.018 6.70 7.1 0.580 

40.5 1.016 6.71 7.0 0.572 

44.0 1.014 . 6.72 6.7 0.554 

47.5 1.012 6.74 6.6 0.537 

50.3 1.009 6.75 6.4 0.518 

52.2 1.007 6.76 6.2 0.506 

56.5 1.004· 6.79 5.7 0.468 

58.7 1.001 6.84 4.8 0.408 
-63.7 0~992 7.18 = Xiso 

/)..X,o = 1.226 X 10-7 C.g .. s.unit ; 

* Interpolated. values from reference [1]. 
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Table7.3 
... 

Experimental values of splay elastic constant ( K11 ) for various (T c - T) 

values. 

Sample ME50.5 

Tc = 54.9° C, Sample thickness =162 J..Lm, He =Threshold magnetic field 

Tc- T. 
I He in Gauss I !!:,:x X 1 o-8 

cgs unit I Ku x 10-o dyne 

0.9 495 5.5 0.36 

5.9 515 7.1 0.50 
...., 9.9 535 8.0 0.61 

.{ 

14.9 564 8.4 0.71 

19.9 580 8.9 0.79 

24.9 595 9.3 0.88 

Table 7.4 

Experimental values of Bend elastic constant (K3 ) for various (T c - T) 

values. 
:;..- Sample ME50.5 

Tc = 54.9° C, Sample thickness =162 JliD, He =Thres~old magnetic field 

Tc- T I He in Gauss 1/lx x 10-
8 

cgs unit 1 K33 x10-o dyne 

0.9 510 5.5 0.38 

5.9 540 7.1 0.55 

9.9 570 8.0 0.69 

14.9 610 8.4 0.83 
_...._ 

19.9 630 8.9 0.94 I 

24.9 650 9.3 1..05 



283 

Table7.5 

Experimental values of splay elastic constant (K11) for various (T c - T) 

values. 

Sample ME60.5 

Tc = 62.2° C, Sample thickness =162 J..lm;Hc= Threshold magnetic field 

Tc- T I He in Gauss 111x x 10-
8 

cgs unit 1 Ku x 10-<> dyne 

2.2 515 4.6 0.32 

7.2 550 5.9 0.47 

--i· 12.2 580 6.4 0.57 

17.2 600 6.7 0.64 

22.7 620 7.1 0.72 

25.7 630 7.3 0.78 

Table7.6 

Experimental values of Bend elastic constant (K3 ) for various (T c - T) 

values. 

* Sample ME60.5 

Tc = 62.2° C, Sample thickness= 162 f..LID,Hc =Threshold magnetic field 

Tc- T I He in Gauss 111x x 10-
8 

cgs unit 1 K33 x10-o dyne 

2.2 520 4.5 0.33 

7.2 560 5.9 0.49 

12.2 600 6.4 0.61 

17.2 645 6.7 0.74 
·~. 

22.7 670 7.1 0.85 

25.7 690 73 0.93 
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Table 7.7 

Experimental values of the Frank elastic constant ratio ( Ka3 I K11 ) at 

different relative temperatures· (T c - T). 

Sample: ME50.5 Sample: ME60.5 

Tc- T I K33 I K11 Tc- T I K33 /Ku 

0.9 1.06 2.2 1.02 

5.9 1.10 7.2 1.04 

9.9 1.13 12.2 1.07 

14.9 1.17 17.2 1.15 

19.9 1.18 22.7 1.17 

24.9 1.19 25.7. 1.20 
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Table 7.8 

Experimental values of the density (p) , magnetic susceptibility (X.) , 

susceptibility anisotropy (Ax.), and t&e order parameter< P2 > 

Sample: 3CPOd(3)1 

Temp. Density (p) * -XII X 10-7 Ax. x 1o-s order parameter 

in ° C in gm/cc c.g.s.unit c.g.s.unit <P2 > 

36 0.973 6.37 7.8 0.600 

38 0.971 6.39 7.6 0.585 

43 0.967 6.42 7.2 0.549 

45 0.965 6.43 7.0 0.535 

48 0.963 6.45 6.7 0.514 

52 0.958 6.48 6.2 0.475 

55 0.955 6.53 5.5 0.420 

57 0.951 6.55 5.2 0.400 

60 0.945 6.90 = liso 

Ax.o = 1.308 X 1 o-7 c.g.s. unit ; 

* Interpolated values from reference [22]. 
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Table 7.9 

Experimental values of the density (p) , magnetic susceptibility ( x. ) , 
susceptibility anisotropy ( Ax. ) , and the order parameter < P2 > 

Sample: 5CPOd(3)1 

Temp. Density (p) * -XII X 10-7 

in°C in gm/cc c.g.s.unit 

33.0 0.963 6.85 

37.0 0.962 6.87 

40.0 0.959 6.88 

45.0 0.955 6.90 

50.0 . 0.950 6.92 

55.0 0.946 6.94 

60.0 0.942 6.97 

62.5 0.939 6.99 

66.5 0.930 7.02 
-

7Q.O 0.925 7.30= X.iso 

AX,o = 1.03 x 10-7 c.g.s.unit; 

*Interpolated values from reference [22]. 

Ax. x 10~8 

c.g.s.unit 

6.8 

6.5 

6.3 

5.9 

5.7 

5.4 

5.0 

4.7 

4.2 

order parameter 

<P2 > 

0.660 

0.630 

0.611 

0.578 

0.552 

0.525 

0.485 

0.457 

0.413 
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In this dessertation I have presented experimental data for ten pure 

nematogic compounds and three binary mixtures. The study includes x-ray 

diffraction~ refractive indices~ density~ magnetic susceptibility and 

Freedericksz transition measurements and analysis of data to calculate 

orientational order parameters <P2> (from x-ray diffraction~ refractive index 

and magnetic susceptibility data)~ apparent molecular length (lap) or layer 

thickness in the mesophase~ birefringence (L\n)~ magnetic susceptibility 

anisotropy (~X), bend and splay elastic constants and their ratios. All the 

binary mixtures studied have induced (or enhanced) smectic Ao. phases and 

one has re-entrant nematic phase as well. . 

The ten pure component nematogens studied can be subdivided into 

five groups of two members eac~ 'from the structural point of view. Table 

8.1 presents the five groups with their structural details and the short name 

of the members of each group. All compounds have two rings with or 

without a link between them. Four groups of compounds have one phenyl 

and one cyclohexyl ring~ while only one group has two phenyl rings. In 

three groups. the rings are connected through COO' link, while in the other 

groups the rings are directly connected. 

Regarding terminal parts, all the compounds have at least one alkyl or 

alkoxy chain at one end. Two group of compounds have alkyl or alkoxy 

chains at both ends. In the remaining three groups -CN, -NCS or 

-OCH2CHCHCH3 form the other terminal part. 

The main features of the results of my experiments for all the pure 

compounds are tabulated in brief in Table 8.2. I have not tabulated the order 

parameter values obtained for these nematogens from different experimental 

studies, since such comparisons have been done in the chapters concerning 

the related chemicals. 
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Table 8.1 

Structural details of the com pounds studied. 

Group No. Left Left* Link Right* Right terminal 

(Short Chem.names) terminal part nng nng part 

Group I n-alkyl Cy coo Ph CN 

(CPPCC,CPBCC) 

Groupll n-alkyl Cy coo Ph n-alkoxy 

(BPPCC,PPPCC) 

Group ill n-alkyl Cy - Ph NCS 

(1 OCPS,12CPS) 

Group IV 

(3CPOd(3)1, n-alkyl Cy Ph 
-OCH2CHCHCH3 -

5CPOd(3)1) 

Group V 

(ME50.5, n-alkoxy Ph coo Ph n-alkyl 

ME60.5) 

* Cy stands for cyclohexyl 

Ph stands for phenyl 

However, one common feature is that the order parameters determined from 

x-ray diffraction studies agreed well with the Maier -Saupe calculated 

values, while the <P2> values calculated from refractive index and magnetic 

susceptibility data are always much smaller than the theoretical values near 

the nematic-isotropic transition temperatures. This lowering seems to be 

more pronounced for the <P2> values from refractive index measurements. 

The possible causes for this discrepancy may be director fluctuations or 
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imperfect alignment of sample in the bulk (in refractive index studies the 

sample were aligned by surface treatment, whereas, in the other experiments 

a magnetic field was applied for bulk alignment of the samples) near the 

transition temperature. It should also be mentioned that the data analysis to 

calculate <P2> involve many different assumptions for different 

experimental techniques, hence there is no reason why two different 

techniques should yield exactly same order parameter values. From Table 

8.2, it can be seen that the ratio of apparent molecular length (lap) to model 

molecular length (L) is about 1.4 form the two cyano compounds of Group 

I. This is in accordance with previous observations on cyanobiphenyl 

compounds [1,2]. Therefore, the molecules CPPCC and CPBCC form 

dimers in the mesophases. For Group ill molecules with isothiocyanato 

(-NCS) group there seems to be some association, since the value of lap/Lis 

little larger than 1.2. The Group II molecules (BPPCC and PPPCC) also 

show some association in mesopliase, having lap/L between 1. 09 to 1.15. 

However, Group IV and V molecules do not seem to form association in the 

nematic phase, since for these compounds the apparent molecular lengths 

are equal to the model lengths. 

The refractive indices (De)· and birefringence of Group III molecules 

are the largest. It is not surprising since these compounds contain sulphur in 

-NCS group as well as a phenyl ring. The refractive index (De) of Group I 

molecules are somewh~t larger than that of Group II molecules though the 

birefringence of the two groups seem to be same. The increase in the value 

of De for Group I molecules compare to Group II is due to the -CN terminal 

part in the Group I molecules. 

-Regarding magnetic susceptibility (xu), we again find that the Group 

ill moletules containing isothiocyanato (-NCS) group have the largest value 

~--
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Table 8.2 

Physical properties of the nematogens studied 

TNI == Tc X-ray Refractive index Mag. Susceptibility Elastic const. 

Name of the compound diffraction at Tc- S°C at Tc· S°C at (Tc·StC 

in °C lap inA lap I L De ~n -XII X 10-7 Ax x 10-s K:13 x1o-b K53/Kt1 

(cgs unit) (cgs unit) (dyne) 

Group I CPPCC 70.0 22.66 1.39 1.552 0.076 6.90 3.7 0.64 1.14 

CPBCC 68.3 24.42 1.42 1.553 0.07S 6.80 3.6 0.41 1.02 

Group II BPPCC 72.6 20.87 1.09 1.531 0.07S 6.32 2.6 0.26 0.86 

PPPCC 75.0 24.26 1.15 1.535 0.065 6.45 2.9 O.S9 0.98 

Group III lOCPS S0.7 31.7 1.23 1.632 0.098 7.15 3.0 0.44 0.92 

12CPS 52.5 33.9 1.21 1.614d 0.121d 7.63e 2.9e 0.40e 0.99e 

Group IV ME50.5 54.9 - - - - 6.53 6.8 0.52 1.09 

ME60.5 62.2 24.5a 1.ooa 1.061 t 0.0741 6.81 5.5 0.42 1.03 

Group V 3CP0d(3)1 58.0 16.8b 0.98b 1 .. 504b 0.068b 6.50 6.0 1.27c 1.14° 

SCP0d(3)1 67.0 19.lb 1.00b l.S35b 0.097b 6.99 4.7 0.83c 1.01 c 
- --- ---

a- value taken from reference [1]. b .. valu~ taken from reference [9]. e-at temperature Tc- 1.5°C. 

c- value taken from reference [10]. d- at temperature Tc- 4°C. 
t-.,) 

t:S 
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(magnitude) of XII· Again, this may be due the presence of sulphur. All 

other molecules have the value of XII in the range 6:3 to 6.9 x 10-7 c.g.s unit. 

The Group I molecules with cyano group and Group IV molecules with two 

phenyl rings have larger value of XII· The Group II molecules with only one 

phenyl ring have the lowest XII values. Regarding magnetic susceptibility 

anisotropy (~X), the Group IV (with two phenyl rings) and Group V (with 

one phenyl ring · connected to alkenyl ·chain at one end) have largest 

anisotropies. These large ~X may be the effect of enhanced dislocation of 
. . 

1t electrons over two phenyl rings (Group IV) or between phenyl ring and 

the alkenyl chain (Group V). This may also be the reason for the 

· birefringence values of the compounds in these two groups (Group IV and 

Group V) to be quite large. For all other molecules the ~X values are much 

smaller. 

The values of bend elastic constants at Tc - 5°C are also shown in 

Table 8.2. The largest values are of the tyvo alkenyl compounds (Group V). 

For all pairs of molecules in each group, the K33 values decrease with 

increasing length of alkyl or alkoxy ·chain, as is expected. The only 

exception is in Group II, PPPCC has larger K33 values compared to BPPCC 

even if it has longer alkyl or alkoxy chain at both ends. This is due to the 

fact that PPPCC has a smectic phase at low temperatures and its nematic 

phase x-ray diffraction pattern shows sign of cybotactic groups (Chapter 3, 

Plate 3h). The bend to splay elastic constant ratios are greater than one for 

Group I, IV and V compounds. It is well known that this ratio are larger for 

molecules having large polarity. Since Group I molecules have a phenyl 

ring and a cyano group they have large values of K33 /K11 . The alkenyl 

compounds (Group V) and Group IV compounds (with two phenyl rings) 

have also large polarities, hence their K33 /K11 values are larger than one. 
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This ratio also should decrease with increasing chain lengths within each 

group. Except for Group II and Ill it seems to be the case. In Group ·II, 

PPPCC has larger values of K33 /K11 than BPPCC, since it has cybotactic 

groups in its nematic phase. In the Group III (IOCPS and 12CPS) the 

comparison cannot be ~ade, since for 12CPS elastic constants could be 

measured at only one temperature, 1.5°C below the transition temperature. 

Mixture studies. 

As .mentioned earlier three binary mixtures have been studied by me. 

Two binary mixtures of a terminal polar compound (5CB) and a nonpolar 

compound (ME 50.5 or ME 60.5) show induced smectic ~phase and have 

been studied extensively before by other workers in our laboratory [3,5]. 

They observed that the orientational order in these mixtures show a 

minimum in the same composition range where the smectic ~ phase is 

most stable. They obtained the <P2> values from x-ray diffraction and . 

refractive index studies. I measured the magnetic susceptibilities of these 

two mixtures at different compositions and calculated order parameteres 

from these data. My data fully corroborates the earlier observations 

regarding <P2> being minimum at the composition where smectic ~ phase 

is more stable. 

The other binary system studied by me has both the components 

terminal polar compounds (120CB and 7CBB, both having -CN group at 

one end). This mixture has been previously studied by Dabrowski et. al.[6] 

and show an enhanced smectic ~ phase as well as a re-entrant nematic 

phase in a certain composition range. I have studied in <;letail a particular 

mixture ( x7cBB = 0.917) of this binary system, which showed both re­

entrant nematic and smectic ~phases. I studied density, refractive indices 

and x-ray diffraction patterns of this particular mixture. My study seems to 

indicate that the re-entrant nematic to smectic ~ phase transition for this 

---- ------- --=-=..:::.=.:::::=-=---_--- ---_ ---------- ·--------------
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· mixture is continuous. I have also measured variation of layer thickness 

with both temperatUre and composition for the mixtures of 7CBB and 

120CB. The main observation is that while ·the temperature variation of 

layer thickness at a particular composition is negligible, the composition 

variation of layer thickness shows a broad maximum near equimolar 

concentration. This behaviour has been qualitatively explained in Chapter 6, 

assuming formation of homo dimers (120CB + 120CB) and hetero dimers 

(7CBB+l20CB). A calculation which will presumably explain the variation 

of layer thickness quantitatively in this system as well as in a related system 

(7CBB+70CB), which has been studied in our laboratory, [7] is in progress. 
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