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THEORETICAL BACKGROUND 
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2.1 Theories o:f liquid crystalline phases : 

The theori~s of liquid crystalline phases have been described 

in details in several books [1-5]_ I am giving below, in a 

nutshel.l, the salient features of the mean-field theories of 

nematic and smectic A phases as developed by Naier-Saupe 

McMillan [7,8J respectively. 

2.1.1 Maier-Saupe t.heory :for nemat.ic phase: · 

[6) and 

It has been mentioned in the previous chapter that the rod like 

molecules of a liquid crystalline substance tend to align their 

long axes along·a preferred direction, called the director~' in a 

mesophase. The distribution of the molecular long axes about the 

director is given by an orientational distribution 

f(cos8>, assuming cylindrical symmetry of the mesophase, 

is the angle between the director and the molecular long 

the molecules have no head to tail asymmetry, then~ = 

function 

where e 
axis_ If 
~ 
n, and 

f(cos8> is an even function of cos8. The distribution function can 

also be written as [9]~ 

f<cose> = E <2L +1)/2 <PL<cos8>> PL(cose> 

L even 

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

<PL<cose>> are the statistical average given.by 

1 1 
<PL<cos8}}= J' PL(cos8} f(cose) .. d(cos8}/J' f(cos8} d(cos8} 2.2 

0 0 

<PL> are called the orientational order?parameters, of 

first member, i.e, <P~> is commonly called the order 
' 

L. 

which the 

parameter. 

<P~> is equal to one for perfectly oriented sample and is equal to 
.L. 

:zero for randomly oriented, i.e, isotropic liquid. 

The angular part of the generalised mean-field potential · as 

felt by a rig~d rod like molecule can be written as 



V<cose.> = E uL<PL> PL (cos8>, 
L,even 

,.., ..., 
.&.... • .._ ... 
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where UL are functions of distance between 

and its neighbours only. Maier and Saupe 

the central molecule 

[6] assumed that the 

potential can be taken to be the leading term only of the series 

in equation 2.3 7 ie., 

V<cose> -v <P,..,> P,.., (cos8} 
.L. ...... 

2.4 

Hence~ the orientational distribution function f(cose> and the 

partition function 

constant>~ 

Z are given by (k being the Boltzmann 

f(cos8} 
-1 = Z exp [ -V(cos8)/kTJ 

z f 1 e>:p [ -V (cos8}/kT J d(cos8) 
0 

2.5 

,.., . 
..:....b 

Substituting the value of f(cos8> as in equation \2.5} to equation 

( 2. 2 > ~ we get for L = 2. . 

<P,..,> = 
.L. 

2.7 

* where T = vikT 

As equation (2.7} contains <P,..,> on both the sid~s~ a . self 
.L.. 

* consistent solution of it is sought. For all values of T (or T> 

* <P,..,> = 0 is a solution~ whil~;for T {.22284 ~two other solutions 
..:... 

of <P..,> appear • 
.L. 

the stable one. 

Obviously., t.he state with minimum free energy is 

* It can be shown that for T <.22019~ a state with 
1 

<P
2

> >O is stable one~ which can be identified with nematic phase~ 

* whereas for T > .22019~ •'P "' = ' 2 .... - 0~ gives the equilibrium state~ 

which is the isotropic liquid. 

The nematic-isotropic liquid transition occurs at T* = 0.22019 
c 

and <P2 >c= 0~.4289~ according to the Maier Saupe themry. Thus~ this 

transition_is always of the first order. Values of <P,..,> 
..:... 

* function of T can be calculated easily by solving equation 

as· a 

(2. 7} 

iteratively. For many liquid crystals the Maier- Saupe <P,..,> values 
.L.. 
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agree quite well with those fou~d experimentally. 

2.1. 2. McMillan• s theory for smectic A phase: 

In smectic A phase, there is a periodic density va~iation along 

the layer normal < z directiqn} in addition to· the orientational 

distribution of the molecular axes. Hence, 

distribution function can be written, in this case, 

chapter 7] 

f<cose>,z> = E E AL,n PL<cose> 
L,even n 

cos 

with J 
-1 

1 d 
J f(cose,z> dz d(cose> = 1 

0 

( 2nnz /d) 

as hormalising condition, d being the layer thickness. 

nomalised 

as [Ref.1, 

2.8 

2.9 

McMi 11 an [ 7~_8.J, following Kobayashi [ 10, 11 J, 

.potential of the following form 

assumed a model 

VM<cosB,z>=-v[ oaT cos<2nz/d} + Cn + ao cos <2nz/d)} P:z<cos8)] 

2.10 

where a and 6 are two parameters of the potential. 

n=<P2(cose>>, T=<cos(2nz/d}} and'o=<P2<cos8} cos(2nz/d}} are the 

orientational, translational and mi>:ed order parameters 

respectively, and < > denotes statistical average of the 

quantities inside. 

The distribution function can be written as 

fM <case ,z > 
-1 

= Z e>:p [ -VM~cos8,z)/kT J 2.!1 

where the partition function 

1 d 
Z = f f e>:p [ -VM ( cos8,z)/kTJ d(cos8} dz 

0 0 
2. 12 

Once again,;three self consistency equations cont~ining 'l),T and d 
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can be .. written and solved iteratively. 

Out of several solutions, the equilibrium state is identified by 

the minimum value of free energy. 

In general, we get the following three cases: 

Case I n = 0 7 T = 0, a = 0, isotropic liquid. 

Case II n ~ 0, T = 0, a= 0, nematic: liquid crystal. 

Case III n ~ 0, T ~ 0, a~ 0, smectic liquid crystal. 

while nematic-isotropic transition is always first order, the 

smectic A - nematic transition can be either first order 

<T AN/T NI > 0. 88 } or second order (TAN/ T NI < 0. 88}, where TAN and 

TNI are the smectic A- nematic and nematic-isotropic transition 

temperatures respectively. 

2.2 Identirication or phases: 

2.2. 1 Texture studies: 

The textures· are the patterns which are observed 

microscopically on liquid crystalline samples ' usually in 

polarised light. For the determination of transition temperatures 

and the identification of liquid crystalline phases, observation 

of te>:tures is an· important tool for the liquid crystal physicist. 

Commonly they are observed in thl.n l~ye:-..-.s {~ 10-20 micrometer) 

between two glass ~lides. These are nothing but the defects of the 

phase structure which are generated by the combined action of the 

phase structure and the s.urroundi ng glass plates (surface 

phenomena}. Change in texture at a particular temperature 

indicates the occurrence of ·phase transition. For low cooling or 

heating rates the transition temperatur,es observed are generally 

identical. Again for a given structure, different textures can 

e>:ist, depending on the special conditions in preparations of the 

sample. Although there exists different textures in liquid 

~fystals, the individual texture of an observed phase often allow 

a first esti~ation as to general phase type. In table 2.1 ~he most 

frequently observed textures of the various phase types is given 



2.2 

['i 2]. 

It is seen that, homeotropic textures are observed only in 

phases of nematic, smectic A and smectic B (both orthogonal 

smectic phases>. In smectic C, smectic F and smectic I phases <all 

tilted smectic phases} broken fl?cal conic texture are observed. 

The in-layer ordered smectic phases show mosaic texture. 

Classification of different liquid crystalline phases by the 

observation of ·textures alone is often ambiguous, 

methods are n~eded to support it. 

and other 
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Table 2.1 : Textures of the various phase types (13]. 

PHASE TYPE 

TEXTURE E H G B F I c * c A BPb N* N 

Isotropic···.· >: 

Homeotropi.c >: >: >: >: >: 

Homogeneous >: >: >: >: 

Marbled >: 

Stepped drops X >: >: >: 

Mosaic >: X X >: >: X >: 

Schlieren >: >: >: X 

Simple focal conic 
a 

>: >: X 

Broken focal 
a 

>: >: >: >: >: 

conic 

* Chiral phase 

a Paramorphic te>:tures 

b Blue phase 
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·' 

X-ray.diffraction from mesophases: 

') 

' . i 
X-ray diffraction from mesomorphic phases has been reyiewed by 

s 
many workers [ 14-19 J, specially by Vainhtein ~14] and Leadbetter ,... 
[ 19]. 

Unoriented nematic phase shows x-ray diffraction pattern which 

is a uniform halo just like that of an isotropic liquid. This is 
·.· 

due to the fact that, generally a liquid crystal sample consists 
L 

of a large ntimb~r of domai~s, the molecules being aligned within 

each domain in a preferred.' direction, 
' . 

there is no preferred direction for the 

i.e., the 

sample· as 

director, 

a whole 

but 

and 

naturally, x-ray diffraction pattern has a symmetry of revolution 

around the direction of x-~ay beam. 

The principal features of the x-ray pattern of a nematic 

sample, which .is oriented perpendicular to the incident x-ray 

beam, is shown in the figures 2.1 (a) and (b). The main halo has 

split into two crescents· for each of which the intensity is 

maximum in the equatorial direction, i.e., perpendicular to the 

director <optic axis). These crescents are formed mainly due to 

the nearest neighbour intermolecular scattering and the 

corresponding Bragg angle is a measure of lateral intermolecular 

distance. The angular distribution of the x-ray intensity (Figure 
' 

2.1<a>>, I<~> vs. ~' also gives the orientational di'stribution 

function f<cos8> and order parameters <PL>. 
In the meridional direction, ·at a much smaller: Bragg angle, a 

,,pair of crescents. arc: also seen. They are connected with apparent 

1 mbl ecul,~r 1 ength. Sometimes, t.he inner di fuse crescents are 

replaced by rather sharp· spots. The presence of the sharp spots 

indicate~ smectic like clust~r~ in the nematic phase. 
I 

These 

:·,clusters' are call.ed "Cybotactic" groups and are . formed due to 

' smectic fluctuations in the nematic phase. 

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

Figure 2.1(b) and is very similar to c:ybotactic nematic_ The 

meridional spots are formed due to Bragg reflection from the 

layers and provide the value·of the.layer thickness. Since smectic 
. .. . .. 

A can have only quasi-long range order ( QLRO } along its layer 

normal (3,20J, the second order Bragg reflections 
i 

the 
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Figure 2.1<b>. Schematic representation of the x-ray diffraction 

pattern of an oriented smectic A liquid crystal.. 
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meridional direction are g~Der·ally very weak and are often absent 

in photographs. When present 7 these second order 

reflections pr·ovide a method for· calculating OZ: 7 the 

o~der parameter. 

tra11sl ati onal 

We 7 also, ~et some faint diffuse rings ( crescents } in our 

x-ray photographs 7 which may be due to (a) interatomic scattering 7 

(bJ next nearest neighbour intermolecular scatt,ering and (c) 

effect ol white radiation contained in Ni filtered Cu radiation. 

We are generally not concerned with those diffraction patterns. 

2a3.1 Experimental technique and data analysis: x-ray di.f.fraction 

studies. 

X-ray diffraction photographs were obtained with the apparatus 

described below using nickel filtered CuK radiation 
ot 

in the 

transmission geometry on a film E21J, using a flat plate camera 
( tl'gu.Yl2.. 2.:1}. 

designed in our laboratory by Jha et al [21]~ X- ray diffraction 

photographs were taken at different temperatures in the presence 

of a magnetic field. The camera has the provisions to change the 

collimator (2}, spacer C15} and sample container <8>. The sample 

was taken in a thin-walled lithium glass capillary of 1 mm 

diameter. The capillary containing sa~ple was placed in a brass 

block. The temperature of the block was controlled within ± 

by a temperatu~e controller Indotherm MD 401>. The sample was 

first heated to the isotropic phase and magnetic field was applied 

parallel to the capillary axis .. The substance was 'allowed to cool 
, 

to the desired temperature in the presence of the magnetic field. 

The magnetic field was kept on during the x-ray diffraction 

experiment. The strength of the magnetic field was measured 

previously by a gaussmeter ( ECIL model GH 867}. X- ray beam was 

collimated by a collimeter of aperture 0.8 mm. A Ni filter of 

thickness 0.009 mm was used to obtain predominent CuK radiation 
0( 

of wavelength 1.~422. When the temperature reached equlibrium then 

the x-ray tube was switched on. Photographs were taken·at various 

constant temperatures. In case of the determination of 

orientational order parameters the ~ample to film distance was 

maintained at about 6 em. To .. obtain better accur·acy in the layer 
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Figure 2.2. Sectional diagram of the x-ray diffraction camera. 

1. X-ray~ 2 •. Collimator, 3. Brass ring, 4. Ring .of sindanyo 

board, 5. Brass ring, b. Cylindrical brass chamber, 7. Asbestos 

insulation and heater winding, 8. Specimen holder and 

thermocouple, 9. Sample, 10. Film cassette, 11. Film cassette 

holder, 12. Base plate, 13. Levelling screw, 14. Brass plates 

over the coils of the electromagnet, 15. Removable spacer, 16. 

Supporting brass stang, 

insulation. 

17. Pole pieces~ 18 .. Asbestos 
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thickness measurement, x-ray di+fraction photographs of inner-

spots were taken with sample to film distance increased to about 9 

em. 

For the determin~tion o+ the exact distance 'between the sample 

and film I took. aluminium-powder photograph. The Bragg angle 

corresponding to the 

determined by [22J 

<hkl) reflecting plane for Al can be 

sin e· 2.13 

Thus measuring the diameter of t_he diffraction rings 

corresponding to <111> and (200) reflections E11J. and values of 

Br·agg angles +rom 2.1'3.., the actual distance between sample and the 

film can be found out from the relation 

tan 2B' = Radius of the ring 
Sample to film distance 

2. 14 

The correction term was then calculated and used to measure the 

actual sample to .film distance, from the apparent distance due to 

the spacers. 

(a). Conversion o.f optical density to x-ray intensity : 

The optical density of th~ x- ray photographs was measured by a 

microdensitometer ( Carl Zeiss MD 1QO > which_has a potentiometric 

recording ( K200) facility for linear scanning. X-ray intensity 

values are then obtained from the conversion of the corresponding 

optical density values by_a method given by Klug and Ale>:ander 

[23]. Multiple film technique was used~ where an 

was prepared by ~xp~sing different portion of a 

inten.sity scale 

film to ~-ray 

coming through a rectangular opening with expos~~ times 2., 5., 10, 

20, etc. sees. Optical density values for different exposv~ times 

were then measured with the microdensitometer. After subtracting 

the optical density of the unexposed film a graph of optical 

density versus exposure time, i.e, >:-ray intensity <which is 

·p~oportion~l tri the time of exposure) was drawn as shown in figure 

2.3. 
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{b). Circular scaning of x-ray photographs: 

A rotating stage was fabricated by us to facilitate full 

scanning of the photographs. Photographs were scanned to measure 

angular intensity distribution 1(9) whi~h was used to ·calculate 

the orientational distribution function f(~) and order parameters 

<P
2

} and <P 
4 

>. The ci rc:ul ar scans of the outer di ffrac:ti on arc was 

taken fro~ ~ = 0 to ~ = 360°at about 1° intervals near the peak 

and at ·larger int~rvals elsewhere. The optical density values 

obtained from the densitometric circular scan were converted to 

x-ray intensity with the help of calibration curve. Intensity 

values were then corrected for background intensity values arising 

due to the air scattering. The peak intensity position which 

corresponds to ~ = 0 was deter.'mined from angle vs. intensity CLWVE 

0 <Figure 2.4>. Taking nineteep I<~> values from~ 

5° intervals from the smoothed I <v1> vs. 11.1 curve, 

= 0 to ~ = 90 at 

f <r~> -p ., <.._ ,..., _,. 
.L-

and 

<P
4

> were calculated by using Leadbetter's expression mentioned in 

later part of this chapter. A computer program has been developed 

for these calculations. 

(c). Linear s~aning of' x-ray photographs: 

The diameter of the diffraction rings can be measured from the 

linear scan·of the photographs using the potentiometric recorder 

and relating optical density vs.· linear distance can be plotted. 

2. 3. 2 0J'ientational distribution :functions and order pal'ameters: 

Liquid crystals are characterized by an orie0 tational order of 

their constituent rod 1 ike mol.ecul es. The e>:amination of the 

optical properties of nematic and smectic phases show that they 

have uniaxial symmetry and the axis of uniaxial ( cylindrical 
-""·· 

symmetry is parallel to a unit vector n called the director. A 

full description of the orientation of such molecules presupposes 

a knowledg~ of the distribution functions . The x-ray pattern of 

oriented samples consist of equatorial arcs. The distribution of 

intensity along the diffuse equatorial arcs of >:-ray pattern 
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<+igure 2.1a> is related to the distribution +unction [24]. 

n/2 
)(~} = c f [ fd(~} 

~= ¥' 

2 2 
sec ¥' [ tan ~ 

32. 

2. 15 

where fd(~} is the distribution function for the orientation ~ 

for a local cluster of molecules relative to the director ~ (~ = 
0). The equation <2.15) can be numerically, inverted to give fd(~) 

and are assumed to be close to the singlet distribution function 

[24]. 

The orientational order parameters <P'">>· 
L 

calculated using the relationship 

1 
<PL> = f PL<~os ~ )fdC~> d cos 

0 

with L = 2, 4 

1 
<~>. I f f d (~} 

0 

and were 

d cos <(1> 2. 16 

In section 2.3.1a the process of meas~ring the intensity values 

1<¥'> +rom the measured optical densities are discussed. I have 

calculated the intensity yalues by angular scanning of the x-ray 

diffraction photograph for ~ = 0 to~= 2n. To calculate fd(~} and 

order parameter only one quadrant is sufficient. I have calculated 

all the four quadr~nt seperately and then taken average values of 

I<¥'> of the four quadrants, to calculate <P2 > and <P
4

> and f(~) 

and obtained almost .the same values. Hence, I have used mean ,I<¥'> 

values for.all calculations. Errors in order parameter values in 

this manner are estimated to be ± 0.02 for both <P2 ~=- and <P
4

>. 

2.3.3. Molecular paramet.ers for x-ray· st.udies: 

The average lateral distance between the neighbouring •olecules 

<D> was calculated from the x-ray diffraction photographs by a 

formula given by [25] 

2D sin e = kh 2.17 

where 2l] is the Bragg angle for the equatorial· diffraction, A. 



is the wave length of the x- ray and k is a constant li'Jhich comes 

from the cylindrical symmetry of the system. Recent calculations 

(26] have shown that the value o·f k depends on the or-der· parameter 

of the sample under consideration. For perfectly ordered state k 

1.117 as given by de Vries [27]. However 7 since the variation of k 

with <P~> is small 7 we have used the value k = 1.117 for all our· 
.._ 

calculations. 

For apparent molecular length or layer thickness, d, the Bragg 

equation was used <2d sine= X>, where e is the Bragg angle for 

the meridional diffraction crescent for an aligned sample or for 

the inner halo in the case of unaligned samples. 

2.3 Refractive index of mesophases: 

In liquid crystalline phases refractive indices 

parameters for technical application.· The first 

measurements were made by E. Dorn [28]- The 

are important 

birefringence 

theoretical 

explanation of the birefringence have been made by 0. Weiner [29]. 

and H. Zacher [30 7 31]. In liquid crystals due to the anisotropic 

molecular arrangements 7 it was necessary to take into account the 

effect of the anisotropic internal field in evaluating the 

polarizabilities. Hence 7 in case of liquid crystals the well known 

Lorenz- Lorentz formula for isotropic media should be replaced by 

Neugebauer's [32]. relations or Vuk's formula (33]~ Saupe and 

Maier (34] also applied a more elaborate form 

suggested by Neugebauer. 

of internal field 

In this study~ ~ have_measured the ordinary and e>:traordinary 

refractive indices n and n for different liquid 
o e crystal samples 

and have calculated the effective polarizabilities ~ . 0 

anisotropic liquid crystals by using the two 

and ~ 
e 

of 

different 

i·nternalfield mode.ls [32,33]. 

parameter .<P.:.,> was calculated . 

Finally orientational order 

.L. 

(a) Neugebauer•s method : 

Neugebauer· (32] e>:tendecl Lorenz-Los-entz equations for· an 

isotropic system to an anisotropic system. I he effective 



polarizabilities a and a of the liquid crystals are given by, 
e o 

" 1 .... 
1 4n:Na < 1 ·· Na ) n - eye e e 

2 
1 4rrNa (1- Na 

-1 
n - = v ) 

0 0 o•o 

where N is the number of molecules per c.c and y_ ·s 
. 1 

field constants,. n 
e 

and n
0

, the extraordinary 

2. 18 

2.19 

are internal 

and ordinary 

refractive indices respectively. The equations for calculating the 

a and a obtained from equations (2rlS} and (2.19} are 
o e 

., 
2 

1 2 4rrN l n + 2 

+ e = 2 
a a 3 n 2 

e 0 e 

2.20 

and 

9 [ 2 

']. n 
a + 2a = 2.21 

" e D 4nN -<- 2 n + 

2 
1/3 (n 2 

2n 
2 

where n = '+ } 
e D 

Solving equations 2.20 and 2.21 a and a values can be obtained .• 
o e 

(b) VuJcs Method: 

Vuks has derived another formula for polarizabilities 

associated with anisotropic organic molecules. The principal 

polarizabilities and refractive indices can be expresssed as 

"J ··-L 

n 
1 'J 

n..._+ 
e 

2 
n 

e 
-2 
n 

2 
n 

0 

-2 
n 

1 
= 

+ 2 

1 
== 

+ 2 

and o 
e 

from the refractive index values. 

4nN 

3 

4nN 

-,.-
~' 

and a 
0 

a 2 .. 22 
e 

a 
D 

can be calculated directly 



2.4.1. Calculation of order parameters from polarizabilities: 

The principal polarizabilities <oc ,oc > o e have been calculated 

35 

by 

using Vuks' isotropic model and Neugebauer's relations 

<anisotropic model}. It can be shown that 

01 
e 

= 01 + 

Q( = Q( 

0 

2 
3 

1 

01 
a 

- Q( .:' . a 

<P.....,> 
.L. 

<P .....,> 
.L. 

where oc = (201 + oc }/3 is the mean polarizability. 
o e 

i.s the molecular po~arizability anisotropy where ocH 

2.24 

oca = <ocH 

and a are 
j_ 

01 ) 
..L 

the 

principal po~arizabilities, parallel and perpendicular to the long 

axes of the molecules i~ the crystalline state, 

however available. 

which are not 

To get the values of (all - a...L} the widely used method of Haller 

et al E35l was adopted. A graph'was plotted with log(oc -oc > versus 
e o 

log<T -T>, where T 
c c. 

corresponded to the nematic isotropic 

transition temperature. The plot which is found to be a 

line is extrapOlated to T = (l, giving (ae-a
0

>·T==O = (otJJ 

straight 

a >. For 
j_ 

each case a set of values of oce' 01
0 

and (ocH 01...1..> were obtained 

<Figure 2.5) and then from the relation 

<P~> = 
.L. 

01 e 01 
0 

01 
j_ 

order parameters <P
2

> was calculated. 

2.4.2 Measurement of refractive indices: 

2.26 

The refractive indices n and n for extraordinary and ordinary 
e o 

ray were measured by a thin prism technique. The refracting angle 

·of the prism was less than 2°. The details of the preparation of 

the prism and the experimental procedure hav'e already been 
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reported by Zemindar et al [36]. For the preparation of a prism 

two clean optically plane glass plates were used. One surface 

eachof the glass plates was rubbed parallel to direction of one of 

their edges. The plates were then treated with a dilute solution 

of polyvinyl alcohol and then dried. The prefered 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 formed by 

placing the treated surfaces inside and the rubbing direction 

parallel to the refracting edge of the prism. A thin spacer was 

placed at the thick edge of th~ prism for getting the desired 

refracting angl~ of the prism. The sides of the prism were sealed 

with a high temperature adhesive. L~quid crystal sample ~as placed 

inside through open top side of the prism and heated to the 

isotropic state and then cooled down very slowly and the process 

was repeated several times. No magnetic field was applied. 

Repeated heating and cooling produced a homogeneous nematic sample 

with optic axis parallel to the refracting edge of the prism. Only 

those prisms, which showed uniform alignment of the 

crystals under polarizing microscope, were used. The .prism was 

then placed in a brass chamber, with transparentwindows, whose 

temperature could be maintained by a temperature controller 

(lndotherm model 401} at any desired value to an accuracy of ± 
0 

0.5 C ~y means of an electric oven. The refractive indices were 

measured for three wavelengths ( ~ = 6907ft , 5890ft, 5461ft> from a 

mercury lamp by means of a precision 

selector and a Nicol prism. · 

2.5 Measurement of Densities : 

spectrometer, a lf-lavel ength 

The densities of the liquid crystals were measured with the 

h~lp of a dilatomet~r of the capillary type. A weighed sample of 

the liquid c~ystal was introduced inside the capillary tube of the 

dilatometer and it was placed 

Sufficient time was allowed 

in 

for 

a thermostated water bath. 

equilibrium at any desired 

temperature before taking each readings. The length of the liquid 

crystal column ·was measured at differnt temper~t~res with a 

travelling microscope. The dehsities were calculated after 
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correction of:the expansion of the glass. The accuracy o·f the 

measurement of the densities was within 0.1%. 

2. 6 Elastic Constant and de.formal.ion free eneJ~gy of' nematic liquid 

crystal: 

Many of the important physical proper-ties involving the 

response of the bulk liquid crystal samples can be described by 

regarding the liquid crystal as a continuous medium. Based on this 

point of view, Zocher_(37l, Osceen [381 and Frank [391 developed 

a phenomenological continuum theory which can 

field induced effect of liquid crystals. 

e>:plain various 

According to this theory, the elastic deformation free energy 

density can be written as: 

Fdef= (1/2} 2.27 

where K1 , K~, K7 refers to the splay, twist and bend elastic 
.L. ~' ·'' 

constants respectively and n is the director. 

2. 6. 1 Freeder ick:sz t.J~ansi lion: 

Various methods have been used to measure the "elastic constants 

of nematic liquid· crystals. One of the.most simple and tonvenient 

methods is Freedericksz transition, where an electric (40-43] or 

magnetic [44-51] field is applied to deform a thin layer of 

surface aligned nematogenic sample. Below a critical field the 

sample remains surface aligned, but above it starts to align 

it~elf along the external field for nematogens having positive 

anisotropy < ~~ > 0 or. ~ 

Freedericksz's transition. 

arrangement, splay, twist 

}0}. This phenomenon is knot.-Jn 

Depending on the geometry of 

or bend elastic constant can 

determined 'from Freedericksz 'transition in 

shown in figure 2.6. 

a magnetic field 

as 

the 

be 

as 

To have a clear idea I shall discus.s the situation o-f a uniform 

planar layer of thickness d (Fig. 2.7a-2.7e) i.e splay mode only. 
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A magnetic field is applied in the Z direction as shown in figure 

2.6(a). When the field is gradually increased, there is a gradual 

change in the director pattern once H exceeds a critical value H . 
c 

When H < H , the 
c 

director is everywhere in the y direction, 

Although there is a small fluctuation of the director as the 

stabilizing elastic torque is greater than the destabilizing 

magnetic torque an equlibrium planar te>:ture is maintained. For H 

slightly greater than H the system is in unstable equlibrium 
c 

state. At slightest perturbation the system jumps to one of the 

two stable states, (b) or (d) as shown in figure 2.7. 

The threshold magnetic field for all the three geometries can 

be obtained in a generalised form as 

= <I<. I ~it> 
]. 

1/2 1r 

d 
2.28 

i = 1,2,3 refer to the splay, twist and bend deformations 

respectively, d is the thickness of the liquid crystal layer, A'N. 

is the diamagnetic anisotropy. 

critical magnetic field. 

and <H >. c ]. 
is the respective 

2. 5. 2 Description of experimental setup for det.erminat.ion of K
1 

and K
3

• 

A block diagram of the e>:perimental setup for studying elastic 

constants by Freedericksz transition method is shown in figure 2.8 

The monochromatic light beam (sodium D light> is incident on the 

sample, which is mounted in a brass oven (o) ., after passing 

through a lens <L>, polarizer <P> and collimating pinholes <C 1' 

c
2

>. The temperatures are mesaured and regulated with an accuracy 

± 0.2°K with the help of a thermocouple inserted in the block 

containing the sample and a t'emperature regulator < Indotherm model 

457). The transmitted light intensity is detected by a 

photomultipier tube <M> for photon cou,nting. An analyser is placed 

in fro~t ~~ th~ P.M. tube. The polariser and analyser are placed 

in crossed position. The magnetic field H is applied perpendicular 

to the direction of the preferred orientation of the liquid 
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-t:-



42 

cr-ystal sampl~.' The field is changed slowly so that the nematic: 

or-ientation r-emain in equlibr-ium with the applied magnetic: field. 

The intensity of the tr-ansmitted light is measur-ed as a function 

of the applied magnetic: field for- any desir-ed temper-atur-e. It is 

obser-ved that when the field H r-eaches a cr-itical value H the 
c 

optical pr-oper-ties of the sample change drastically and thus value 

H can be measur-ed fr-om field versus intensity cur-ve within an 
c: 

accur-acy of ± 10 gauss. The magnetic field is measured by a 

sensitive Gaussmeter( Model DGM-102}. For the deter-mination of 

actual thr-eshold it is necessar-y to maintain the dir-ection of the 

dir-ector- exactly normal to the applied magnetic field. 

The sample is taken between. tvm plane parallel glass plate 

separ-ated by a glass spacer- of thickness 160~m or 320~m. The glass 

plates ar-e cleaned by different cleaning agent and subsequently 

dr-ied and tr-eated for- homeotr-opic: or- homogeneous ' alignment as 

requir-ed (details of the technique has been given in detail by de 

,Jeu [521}. The splay elastic: constant <K 1> is measur-ed u~ing cells 

with homo~eneous ~lanar alignment where inside surface of the 

glass plates are treated with 1.0% aquous solution of polyvinyl 

alcohdl, dried and then rubbed unidir-ectionally with tissue paper. 

In case of bend elastic <K~> constant measurement it is necessar-y 
.j 

to tr-eat the glass plates with dilute solution of cetyl trimethyl 

ammonium bromide in acetone to get homeotropic alignment and using 

the geometrical ar-r-angement shown in figur-e 2.6(c). 

The thickness of the cells are measured by a microscope . l had 

to work with rather- thick samples, because of the limitation of 

the available magnetic field. 

Actually, the exper-iment ~or the deter-mination of 

consists of measuring the va'r-iation of birefringence of 1 ight 

incident.nor-mal to the liquid crystal film. A linealy 'polarized 

light incident on the film and the suitable analyser C (i.e., a 

combination of X/4 plate and a linear- polariser} is used to detect ... 
the tr-ansmitted light intensity. When the fields exceeds a 

cr-itical value He the transmitted intensity shows a sudden change. 

If the ·field is gradually increased further-, the i nten~i.ty 

exhibits oscillations becauses of the change of the phase 

retardati·on. 
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The threshold field for twist.deformation cannot be detected 

optically when viewed along the twist axis. The large 

birefringence of the medium for this direction of propagation, the 

state of polarization of the transmitted beam is indistinguishable 

from that of the emerging beam from the untwist nematic. A total 

internal reflection technique can .be used to measure the K
2 

values 

of the t~ist deformation. However, I have measured only K
1 

and 

for four different nematic liquid crystals. 

2. 5. 3 Molecular theory o:f elastic constant-s: . 

There are several theories of elastic constants of nematogens, 

but probably the simplest one is due to Priest [53]. He has 

expressed the elastic constan·ts as· a ·function of <P 
2 

> and <P 
4 

> of 

the length to width ratio ·of the molecules, assumed to be 

spherocylinders. The followin~ equations are found 

Kl= K< 1 + A -3A'y } 2.29a 

K'")= 
...... 

i<< 1 2.f, - l,.'y } 2.29b 

K.;,= _, K< 1 + A + 4t.'r 2.29c 

where 

K = ( I<' + 
'1 K'")+ 

.L. 
.1(3 }/3 2.30a 

r = -p " . 'P .., <, 4//<, 2 .... - 2.30b 

The quantities A and b' are constants depending on molecular 

properties. Considering molecules to be spherocylinders, 

interacting via hard iore repulsion, one finds [~3,541, 

2 '7 

b = < 2R ~ 2 } j < 7R.L. + 20 } 2.30c 
':) ':) 

.6. = 9/16} ( 3R.L.- 8 } / ( 7R.L.+ 20 } 2.30d 

R = L - D }/ D, 2.30e 

L and D are the overall length and the width of the spherocylinder 

respectively. 

It is clear from the above equations that for any reasonable 

length to width ratio ~ and l,.' should be positive. Hence, 1<
2 

< 1<
1 
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<K 77 for positive ~· and y. It is seen that for positive values· of 
~' 

y, the values of 1<..,../1<1 
~' 

tends to increase with increasing 

length/width ratio, in good agr-·eeml?nt wit.h the experimental 

results for rigid molecules [55]. 
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Structure and chemical name o:f ·the liquid cJ~ystais studied. 

The liquid crystals studied in .th~ present investigations were 

obtained from well known c.hemical firms like E.Merck, U.K., 

Hoffmann-La Roche, Basel, Switzerland. These samples were used 

fresh from the package without further purification. 

A list of the names of the liquid crystals and their structural 

formulae is given be,low. 

1. C H.., + 1 -- 0 n ...... n 
CN 

(i) n = 6, 1 cyano- biphenyl-hexyl- ether (60CB in short). 

(ii) n = 8, 1 cyano- biphenyl-cetyl- ether (80CB in short). 

(iii> n = 9., 1 ·cyano- bi phenyl-nonyl- ether <90CB in short>. 

<iv> n = 10, 1 cyano- biphenyl-decyl- ether (100CB in short). 

(v} n·= 11.,1 cyano- biphenyl-undecyl- ether <110CB in ::;hort}. 

<vi> n = 12., 1 cyano7biphenyl-dodecyl- ether (120CB in short). 

..., ....... CN 

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

3. 

( i } 

( i i) 

n = 5, 4-n-pentyl phenyl-4-n' pentyloxy benzoate 

<ME 50.5 in short>. 

n= 6., 4-n-pentyl phenyl-4-n' he>:ylo>:y benzoate 

<ME 60.5 in short>. 



4. 

(i) R = 
1 

p- .methoxyphenyl 

cyclohexane car-boxylate <MPPCC in shor-t>. 
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tr-ans-4-pentyl 

(ii> R
1
= c

5
H

11
, R

2
= oc

3
H

7
, p- pr-opo>:yphenyl tr-ans-4-pentyl 

cyclohexane carbo>:ylate\PPPCC in shor-t>. 

(iii> R
1
= C

4
Hq, R

2
= oc

2
H

5
, p- ethoxyphenyl trans-4-butyl-

cyclohe>:ane car-bo>:ylate <EPBCC in shor-t). 

<iv> R
1

= C~.ll, R
2

== CN, p- Cyanophenyl trans-4-pentyl cyclohe>:ane 

car-bm:yl ate <CPPCC in short). 
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