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EXPERIMENTAL TECHNIQUES 

The r e s u l t s  d e s c r i b e d  i n  t h e  f o l l o w i n g  c h a p t e r s  have  been  

o b t a i n e d  u s i n g  d i f f e r e n t  e x p e r i m e n t a l  t e c h n i q u e s ,  i . e . ,  X- ray d i f f r a -  

c t i o n ,  h i g h  p r e s s u r e  and  m i s c i b i l i t y  me thods .  The d e t a i l s  o f  t h e  

a p p a r a t u s  u sed  f o r  t h e  X-ray and  h i g h  p r e s s u r e  s t u d i e s  form t h e  

s u b j e c t  matter o f  t h i s  c h a p t e r  w h i l e  t h o s e  c o n c e r n i n g  m i s c i b i l i t y  

t e c h n i q u e s  a r e  d i s c u s s e d  i n  C h a p t e r  V .  

Two t y p e s  o f  X-ray d i f f r a c t i o n  s y s t e m s  were u s e d  d e p e n d i n g  

upon t h e  r e q u i r e m e n t .  F o r  low r e s o l u t i o n  e x p e r i m e n t s  a n d  i n  p a r t i -  

c u l a r  where t h e  c o m p l e t e  p i c t u r e  i n  r e c i p r o c a l  s p a c e  was n e c e s s a r y ,  

t h e  p h o t o g r a p h i c  t e c h n i q u e  was u s e d .  A l l  t h e  h i g h  r e s o l u t i o n  s t u d i e s  

were  c a r r i e d  o u t  u s i n g  a compute r  c o n t r o l l e d  G u i n i e r  d i f f r a c t o m e t e r .  

We s h a l l  d e s c r i b e  t h e s e  two t y p e s  o f  a p p a r a t u s  s e p a r a t e l y  i n  t h e  

f o l l o w i n g  s e c t i o n s .  

2.1 X-RAY DIFFRACTION: PHOTOGRAPHIC TECHNIQUE 

The s c h e m a t i c  d i a g r a m  o f  t h e  set up  i s  shown i n  F i g .  2 .1 .  

The e x p e r i m e n t s  were pe r fo rmed  u s i n g  Cu-Ka r a d i a t i o n  f rom a 

P h i l i p s  X-ray g e n e r a t o r  (PW 1730). A q u a r t z  c r y s t a l  monochromator  

( C a r l - Z e i s s  J e n a )  was a l i g n e d  t o  Bragg r e f l e c t  t h e  s t r o n g e s t  K a 

l i n e .  Two v e r t i c a l  slits S, and S2 p l a c e d  on e i t h e r  s i d e  
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o f  t h e  monochromator  ( s e e  F i g .  2 . 1 )  a r e  na r rowed  down t o  e l i m i n a t e  

f u r t h e r  s c a t t e r i n g  f rom t h e  t a i l  e n d s  o f  t h e  n e a r b y  X-ray l i n e s  

s u c h  as K and  a l s o  t o  c u t  down t h e  B r e m s s t r a h l u n g  background .  
B 

X- rays a f t e r  p a s s i n g  t h r o u g h  t h e  s l i t  S f a l l  on t h e  sample  which  
2 

is s i t u a t e d  i n  a  t e m p e r a t u r e  c o n t r o l l e d  oven be tween t h e  p o l e - p i e c e s  

o f  a pe rmanen t  magnet .  The d i f f r a c t e d  beam is  r e c o r d e d  by a pho to-  

g r a p h i c  f i l m  which is  l o c a t e d  a t  t h e  f o c u s  o f  t h e  monochromator .  

A r e g u l a r  'beam s t o p p e r '  was u s e d  t o  p r e v e n t  t h e  d i r e c t  X-ray beam 

f rom s t r i k i n g  t h e  f i l m .  The d e t a i l s  o f  t h e  s a m p l e  h o l d e r  a n d  t h e  

h e a t e r  a s s e m b l y  a re  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

2.1.1 S a m ~ l e  Ho lde r  a n d  Heater 

F i g .  2 .2  shows a s c h e m a t i c  d i ag ram o f  t h e  s a m p l e  h o l d e r  

and  t h e  h e a t e r  a s s e m b l y .  The h e a t e r  c o n s i s t e d  o f  a r e c t a n g u l a r  

c o p p e r  b l o c k  whose c r o s s - s e c t i o n  was chosen  t o  f a c i l i t a t e  a n  e a s y  

moun t ing  be tween t h e  p o l e- p i e c e s  o f  a permanent  magne t .  The c o p p e r  

b l o c k  h a s  a r e c t a n g u l a r  s l o t  a l o n g  i ts  l e n g t h  which  h o u s e s  t h e  

s a m p l e  h o l d e r .  A t a p e r e d  h o l e  ( 0 , )  was d r i l l e d  a t  t h e  c e n t r e  o f  

t h e  h e a t e r  ( p e r p e n d i c u l a r  t o  i t s  l o n g  d i m e n s i o n )  f o r  X- rays t o  

p a s s  t h r o u g h .  The t a p e r e d  h o l e  h a s  a  s m a l l  d i a m e t e r  o f  0.8 mm a t  

t h e  e n t r a n c e  s i d e  t o  c o l l i m a t e  t h e  X-ray beam. The s i d e  p o s s e s s i n g  

t h e  t a p e r e d  h o l e  is  c a l l e d  as  t h e  e x i t  s i d e  and  t h e  c o n i c a l  a n g l e  

o f  t h e  e x i t  a p e r t u r e  was a b o u t  45'. 

The sample  h o l d e r  ( F i g .  2 . 2 a )  c o n s i s t e d  o f  a l o n g  r e c t a n g u -  
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l a r  s t r i p  which f i t t e d  e x a c t l y  i n t o  t h e  r e c t a n g u l a r  s l o t  o f  t h e  

h o l d e r .  T h i s  e n a b l e d  u s  t o  p l a c e  t h e  sample  h o l d e r  and  hence  t h e  

sample  i n  t h e  same p o s i t i o n  e v e r y  time t h e  sample  was mounted. 

I n  t h i s  manner i t  was e n s u r e d  t h a t  t h e  sample- to- f i lm d i s t a n c e  

was t h e  same f o r  e v e r y  exper iment .  The sample  h o l d e r  h a s  a h o l e  

(02) of 0 .7  mm d i a m e t e r  a l o n g  t h e  wider  s i d e  t h r o u g h  which a Linde- 

mann c a p i l l a r y  c o n t a i n i n g  t h e  sample  c o u l d  be i n s e r t e d .  The sample  

h o l d e r  h a s  a n o t h e r  h o l e  ( 0  ) a t  r i g h t  a n g l e s  t o  t h e  h o l e  f o r  t h e  
3 

c a p i l l a r y  and  t h i s  h o l e  matches  t h e  open ing  0 o f  t h e  o u t e r  j a c k e t  
1 

o f  t h e  h e a t e r .  These s e t  o f  open ings  c o l l i m a t e  t h e  X- rays t o  f a l l  

on t h e  sample .  

A h o l e  d r i l l e d  a l o n g  t h e  l o n g  dimension o f  t h e  h e a t e r  b l o c k  

from t h e  bot tom end houses  one o f  t h e  j u n c t i o n s  o f  a chromel-a lumel  

thermocouple  s h e a t h e d  i n  a c e r a m i c  tube .  The ceramic t u b e  was ancho-  

r e d  t o  t h e  h e a t e r  b lock  w i t h  a n  epoxy such  t h a t  t h e  the rmocouple  

j u n c t i o n  is  l o c a t e d  i n  c l o s e  p r o x i m i t y  o f  t h e  sample .  The h e a t e r  

assembly c o n s i s t e d  of t h e r m o f o i l  (MINCO) wrapped a r o u n d  t h e  copper  

b lock.  These  s t r i p s  were covered  by a t h e r m a l l y  i n s u l a t i n g  m a t e r i a l  

(hylam).  A t h i n  l a y e r  o f  a s b e s t o s  paper  s e p a r a t e d  t h e  hylam from 

t h e  t h e r m o f o i l  s t r i p s  ( s e e  F i g .  2.3).  T h i s  h e l p e d  i n  m i n i m i z i n g  

t h e  h e a t  l o s s  due t o  r a d i a t i o n .  Thin mylar  s h e e t s  ( a b o u t  12 pm 

t h i c k )  were  p a s t e d  on bo th  s i d e s  of t h e  t a p e r e d  h o l e s  made on t h e  

hylam c o v e r  t o  p r e v e n t  a i r  c u r r e n t s  and t h e r e b y  a v o i d i n g  f l u c t u a -  

t i o n s  i n  t h e  t e m p e r a t u r e  o f  t h e  sample.  The t e m p e r a t u r e  o f  t h e  
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s a m p l e  c o u l d  be c o n t r o l l e d  by v a r y i n g  t h e  c u r r e n t  p a s s i n g  t h r o u g h  

t h e  h e a t e r  f o i l .  

The h e a t e r  a s s e m b l y  i s  p l a c e d  be tween t h e  p o l e - p i e c e s  o f  

a permanent  magnet  ( 0 . 5  T)  s u c h  t h a t  t h e  s a m p l e  i s  a t  t h e  c e n t r e  

o f  t h e  p o l e  p i e c e s  and  t h e  f i e l d  is norma l  t o  t h e  i n c i d e n t  X-ray 

beam. The h e a t e r  and  t h e  magnet  a s s e m b l y  a re  mounted o n  a s t a n d  

whose h e i g h t  c o u l d  be a d j u s t e d  which i n  t u r n  was f i x e d  o n  a b a s e  

c o n s i s t i n g  o f  t h r e e  l e v e l l i n g  s c r e w s .  The e l ec t r i ca l  power t o  t h e  

h e a t e r  was s u p p l i e d  by a h i g h l y  s t a b i l i z e d  D .  C .  power s u p p l y .  

2 .1 .2  T e m p e r a t u r e  C a l i b r a t i o n  

Al though  t h e  j u n c t i o n  o f  t h e  t h e r m o c o u p l e  was l o c a t e d  

v e r y  c l o s e  t o  t h e  s a m p l e  i n  t h e  c a p i l l a r y ,  t h e  e x a c t  t e m p e r a t u r e  

o f  t h e  sample  is  f o u n d  t o  be d i f f e r e n t  f rom t h a t  measu red  by t h e  

t h e r m o c o u p l e .  T h i s  ' g r a d i e n t t  d e p e n d s  o n  t h e  e x p e r i m e n t a l  se t  up .  

It is  n e c e s s a r y  t o  d e t e r m i n e  t h i s  g r a d i e n t  v e r y  a c c u r a t e l y  o v e r  

a wide  r a n g e  o f  t e m p e r a t u r e  s o  t h a t  t h e  ' t r u e 1  s a m p l e  t e m p e r a t u r e  

c a n  be  e v a l u a t e d .  T h i s  was a c h i e v e d  i n  t h e  f o l l o w i n g  manner .  

S e v e r a l  compounds o f  h i g h  p u r i t y  e x h i b i t i n g  s h a r p  m e s o p h a s e -  

i s o t r o p i c  o r  mesophase  -mesophase  t r a n s i t i o n s  were c h o s e n  f o r  tempe-  

r a t u r e  c a l i b r a t i o n .  Samples  were  t a k e n  i n  Lindemann c a p i l l a r y  t u b e s  

a n d  t h e  p h a s e  t r a n s i t i o n s  were d e t e c t e d  by t h e  l i g h t  t r a n s m i s s i o n  

t e c h n i q u e .  L i g h t  f rom a He-Ne l a s e r  ( S p e c t r a  P h y s i c s  120 S ) was 

made t o  f a l l  on  t h e  sample .  The i n t e n s i t y  o f  t h e  laser l i g h t  t r a n s -  



m i t t e d  by t h e  sample  was moni to red  by a p h o t o d i o d e .  The o u t p u t  

o f  t h e  d e t e c t o r  as  w e l l  as t h e  t e m p e r a t u r e  were f e d  t o  two c h a n n e l s  

o f  a m u t l i c h a n n e l  r e c o r d e r .  The t e m p e r a t u r e  a t  which t h e r e  was 

a sudden change i n  t h e  t r a n s m i t t e d  l i g h t  i n t e n s i t y  was t a k e n  as  

t h e  t r a n s i t i o n  t e m p e r a t u r e  ( i n  m V ) .  I n  t h i s  way t h e  t r a n s i t i o n  

t e m p e r a t u r e s  c o r r e s p o n d i n g  t o  t h e  mesophase - i s o t r o p i c  and  meso- 

phase- mesophase  t r a n s i t i o n s  were  de te rmined  bo th  on h e a t i n g  and 

c o o l i n g  modes. F o r  t h e  same m a t e r i a l s  t h e s e  t r a n s i t i o n  t e m p e r a t u r e s  

were  de te rmined  u s i n g  a p o l a r i z i n g  microscope i n  c o n j u n c t i o n  w i t h  

a programmable h o t  s t a g e  (FP82/FP800). The names o f  t h e  compounds 

used i n  t h e  c a l i b r a t i o n  a r e  l i s t e d  i n  T a b l e  2 .1  a l o n g  w i t h  t h e  

a b b r e v i a t i o n s  used w h i l e  t h e i r  t r a n s i t i o n  t e m p e r a t u r e s  as  d e t e r m i n e d  

i n  t h e  h e a t i n g  and  c o o l i n g  modes a r e  g i v e n  i n  T a b l e s  2 .2  and  2 .3  

r e s p e c t i v e l y .  The t r a n s i t i o n  t e m p e r a t u r e s ( x  i n  mV) a s  d e t e r m i n e d  

u s i n g  t h e  X-ray s e t - u p  a r e  p l o t t e d  v e r s u s  t h e  c o r r e s p o n d i n g  tempera-  

t u r e s  ( i n  OC) de te rmined  u s i n g  t h e  M e t t l e r  h o t  s t a g e  and  t h e  p l o t s  

a r e  shown i n  F i g s .  2 . 4  and 2 . 5  i n  t h e  h e a t i n g  and  c o o l i n g  modes 

r e s p e c t i v e l y .  The d a t a  were t h e n  f i t t e d  t o  a second  d e g r e e  poly- 

2 nomia l  o f  t h e  form T = a x  + bx + c u s i n g  a l e a s t  s q u a r e  

f i t  program and  a HP86B computer .  The v a l u e s  o f  t h e  c o n s t a n t s  

2 a ,  b , c  a r e  -0.0644OC/mV , 25.2517°C/mV and 1.3793OC r e s p e c t i v e l y  

2 f o r  t h e  h e a t i n g  mode and -0.054l0C/mV , 25.1425°C/mV a n d  1.3713°C 

f o r  t h e  c o o l i n g  mode. 

2 . 1 . 3  X-ray S t u d i e s  

The l i q u i d  c r y s t a l  sample  was f i l l e d  i n t o  t h e  Lindemann 



T a b l e  2.1 

Materials used for the thermocouple calibration 

S1. 
No. Compound Abbreviation 

1 4-n-Pentyl-4'-cyanobiphenyl 5 CB 

4 4-n-octyloxy-benzylidene-4'- 

cyanoaniline 8 . CN 

5 ~-cyanobenzylidene-41-octyloxy- 

aniline CBOOA 

6 4,41-di-n-heptyloxy-azoxybenzene HOAB 

7 4,41-di-methoxyazoxybenzene 

( p-azoxyanis ole PA A 

8 4-hexyloxybenzylidenephenyl- 

azoxyanisole 6BPAA 



Thermocouple ca l i b r a t i on  of the heater  during heat ing mode: 

, Materials  used and t h e i r  t r ans i t i on  temper-atures. 

S1. Thermocouple 
No. Substance Transit ion Temp' ( O C )  reading(mV) 

by Mettler 
by heater  

1 5 CB Nematic - I so t rop ic  34.3 1.3075 

2 7CB Nematic - Isot ropic  41 -7 1 .6025 

3 80CB Smectic A -Nematic 67.15 2.625 

Nematic- I so t rop ic  80.6 3.165 

4 8 . CN Nematic - I so t rop ic  99.05 3.880 

5 CBOOA Smectic A - Nematic 82.9 3.2525 

Nematic- Isot ropic  107.9 4.275 

6 HOAB Smectic C-Nematic 95.55 3.725 

Nematic - I so t rop ic  124.6 4.9675 

7 PAA Nematic - Isot ropic  135.9 5.4 

8 6BPAA Nematic - I so t rop ic  173.75 6.950 





3 2 

Table 2.3 

Thermocouple c a l i b r a t i on  of the heater  during cooling mode: Mate r ia l s  

used and t h e i r  t r an s i t i on  temperatures. 

Substance 
No. 

Transit ion 
Thermocouple 

Temp' ( O C )  reading ( m V )  
by by hea te r  

I so t rop i c  - Nematic 

I so t rop ic  -Nematic 

I s o t r o p i c-  Nematic 

Nematic - Smectic A 

8 . CN 

CBOOA 

Isotropic-Nematic 

I so t rop i c  - Nematic 

Nematic-Smectic A 

HOAB I so t rop i c  -Nematic 

Nematic - Smectic C 

PAA 

6BPAA 

I so t rop i c  -Nematic 

I so t rop i c  -Nematic 



Fiqu~e 2.5. Tempe~ature calibzation cutve in the cooling mode. The data pointb ma~hed 
7 ,  2, ....., ~ e i e ~ c e d  t o  the substances l i ~ t e d  in Table 2.3. 



c a p i l l a r y  t u b e  i n  t h e  m o l t e n  s t a t e  by means o f  a m i c r o s y r i n g e .  

After f i l l i n g  t h e  s a m p l e ,  t h e  e n d s  o f  t h e  t u b e s  were s e a l e d  u s i n g  

a t h i n  flame. C a r e  was t a k e n  t o  s e e  t h a t  s a m p l e  r e m a i n s  q u i t e  f a r  

f rom t h e  s e a l e d  e n d s .  The c a p i l l a r y  t u b e  w i t h  t h e  s a m p l e  was t h e n  

l o a d e d  i n t o  t h e  s a m p l e  h o l d e r .  The sample  was h e a t e d  t o  t h e  n e m a t i c  

p h a s e  a n d  s l o w l y  c o o l e d  i n  t h e  p r e s e n c e  o f  a m a g n e t i c  f i e l d  o f  

s t r e n g t h  5 Kgauss  t o  g e t  a n  o r i e n t e d  s a m p l e  a n d  was t h e n  i r r a d i a t e d  

w i t h  monochromat ic  CuK r a d i a t i o n .  The d i f f r a c t e d  X-ray beam was 
a 

r e c o r d e d  o n  a f l a t  p h o t o g r a p h i c  f i l m  k e p t  a t  a d i s t a n c e  o f  a p p r o x i -  

m a t e l y  1 5  cm from t h e  sample .  Depending on t h e  s a m p l e ,  t h e  e x p o s u r e  

time v a r i e d  from 10-15 m i n u t e s .  A f t e r  t h e  c o m p l e t i o n  of t h e  e x p e r i -  

m e n t ,  t h e  t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  s a m p l e  was r e m e a s u r e d  

a n d  was found  t o  be ( w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r )  t h e  

same as t h o s e  b e f o r e  commencement of t h e  e x p e r i m e n t .  Thus i t  was 

a s c e r t a i n e d  t h a t  t h e  s a m p l e  d i d  n o t  d e t e r i o r a t e  d u r i n g  t h e  e x p o s u r e  

time. The s a m p l e  t o  f i l m  d i s t a n c e  was s t a n d a r d i z e d  by u s i n g  t h e  

( 1 0 0 )  r e f l e c t i o n  o f  p- decano ic  a c i d ,  t h e  d- v a l u e  o f  t h i s  r e f l e c t i o n  

b e i n g  t a k e n  t o  be 23.1 . The d i s t a n c e  be tween t h e  d i f f r a c t i o n  

s p o t s  on  t h e  f i l m  was measu red  u s i n g  a n  a c c u r a t e  c o m p a r a t o r  (Adam- 

H i l g e r ) .  The a c c u r a c y  o f  l a y e r  s p a c i n g  measurement  is  found  t o  
0 

be  k 0 . 1  A .  

2.2 X-RAY DIFFRACTION: COMPUTER CONTROLLED GUINIER DIFFRACTOMETER 

A s c h e m a t i c  v iew o f  t h e  s c a t t e r i n g  g e o m e t r y  u s e d  i n  t h e  

e x p e r i m e n t s  c o n d u c t e d  u s i n g  t h e  G u i n i e r  d i f f r a c t o m e t e r  (Huber  6 4 4 )  



is shown i n  F i g .  2.6.  

2 .2 .1  Source  and D e t e c t o r  

A c o n v e n t i o n a l  X-ray g e n e r a t o r  ( E n r a f  Nonius 583)  w i t h  

a f i n e  f o c u s  t u b e  w i t h  a c o p p e r  t a r g e t  was used.  The power used 

was a b o u t  1 .3  K w a t t  ( 5 0  KV and 26 mA). The beam from t h e  X-ray 

t u b e  e n t e r s  t h e  monochromator a f t e r  p a s s i n g  t h r o u g h  a  s h o r t  vacuum 

f l i g h t  p a t h .  The monochromator i n p u t  slits were  k e p t  wide open 

t o  a v o i d  s p u r i o u s  t r imming o f  t h e  incoming beam. By u s i n g  a b e n t  

q u a r t z  c r y s t a l  monochromator c u t  f o r  (1071)  r e f l e c t i o n  i n  t h e  

Johansson  geometry ,  i t  was p o s s i b l e  t o  s e p a r a t e  t h e  K a l  and K c r 2  

l i n e s .  Only t h e  K l i n e  was used f o r  t h e  e x p e r i m e n t s .  These  
a 1  

Ka lXrays  get f o c u s s e d  a t  a p o i n t  on t h e  c i r c u m f e r e n c e  o f  t h e  G u i n i e r  

c i r c l e .  The d e t e c t o r  i . . ,  NaI s c i n t i l l a t i o n  c o u n t e r ,  B i c r o n )  

was mounted on t h e  arm ( o f  t h e  d i f f r a c t o m e t e r )  which moves a l o n g  

t h e  c ' i rcumference o f  t h e  G u i n i e r  c i r c l e  f o r  a symmet r i c  t r a n s m i s s i o n  

mode. A p l a t i n u m  edged s l i t ,  which was r a z o r  s h a r p  t o  e l i m i n a t e  

a n y  shadow e f f e c t s  was used  t o  c o l l i m a t e  t h e  beam f a l l i n g  on t h e  

c o u n t e r .  To g e t  a good v e r t i c a l  c o l l i m a t i o n  o f  t h e  s c a t t e r e d  beam, 

a  p a i r  o f  s o l l e r  s l i ts were  p o s i t i o n e d  i n  f r o n t  o f  t h e  d e t e c t o r .  

The arm h o l d i n g  t h e  d e t e c t o r  was d r i v e n  by a s t e p p e r- m o t o r  w i t h  

a n  a n g u l a r  r e s o l u t i o n  of  0 .001 o f  a  d e g r e e .  The beam s t o p p e r  p o s i-  

t i o n e d  i n  between t h e  sample  and t h e  d e t e c t o r  p r e v e n t e d  t h e  d i r e c t  

beam from h i t t i n g  t h e  d e t e c t o r .  





2 . 2 . 2  Sample H o l d e r  a n d  Heater Des ign  

A s c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  s a m p l e  h o l d e r  is  shown 

i n  F i g .  2 .7 .  It c o n s i s t s  of a c o p p e r  r o d  i n  wh ich  a n a r r o w  b o r e  

( 0 . 7  mm d i a m e t e r ,  15 cm l e n g t h )  was d r i l l e d  a l o n g  i t s  v e r t i c a l  

a x i s  from t h e  t o p  end  s o  a s  t o  h o l d  t h e  Lindemann c a p i l l a r y  c o n t a i n -  

i n g  t h e  l i q u i d  c r y s t a l  s a m p l e .  A p a i r  of s l o t s  a r e  c u t  on t h e  r o d  

a l o n g  t h e  l e n g t h  and  d i a m e t r i c a l l y  o p p o s i t e  t o  e a c h  o t h e r .  T h e s e  

s l o t s  s e r v e  a s  t h e  e n t r a n c e  and  e x i t  s l i ts  f o r  t h e  X-ray beam. 

A l s o ,  t h e  e d g e s  o f  t h e  e x i t  s l i t  a re  t a p e r e d  s o  a s  t o  have  a c o n i c a l  

a n g l e  o f  a b o u t  30°.  The stem a t  t h e  l o w e r  end  h e l p s  i n  f i x i n g  t h e  

s a m p l e  h o l d e r  on  t h e  g o n i o m e t e r  b a s e .  

A s e c t i o n a l  v i e w  o f  t h e  h e a t e r  (oven)  u s e d  t o  h e a t  o r  c o o l  

t h e  l i q u i d  c r y s t a l  s a m p l e s  is  g i v e n  i n  F i g .  2 . 8 .  It  c o n s i s t s  o f  

a t h i c k  c o p p e r  r o d  wh ich  h a s  a c a v i t y  c u t  a l o n g  t h e  c y l i n d r i c a l  

a x i s  t o  accommodate t h e  s a m p l e  h o l d e r .  The d i m e n s i o n s  o f  t h e  s a m p l e  

c a v i t y  are s o  chosen  t h a t  t h e  sample  h o l d e r  f i t s  e x a c t l y  i n t o  i t .  

Two v e r t i c a l  s l o t s  are c u t  on t h e  c y l i n d e r ,  o n e  on e i t h e r  s i d e ,  

t o  s e r v e  as t h e  e n t r a n c e  a n d  e x i t  slits (windows) f o r  t h e  X-ray 

beam. A h o l e ,  d r i l l e d  f rom t h e  t o p  o f  t h e  h e a t e r  a l o n g  t h e  a x i s  

o f  t h e  c o p p e r  r o d ,  h o u s e s  a chromel-alurnel  t h e r m o c o u p l e  s h e a t h e d  

i n  a ceramic t u b e .  The j u n c t i o n  o f  t h e  t h e r m o c o u p l e  was p o s i t i o n e d  

w i t h  a n  a d h e s i v e  so t h a t  i t  sits i n  c l o s e  p r o x i m i t y  o f  t h e  s a m p l e .  

The t e m p e r a t u r e  o f  t h e  s a m p l e  was v a r i e d  by r e g u l a t i n g  t h e  c u r r e n t  

p a s s i n g  t h r o u g h  t h e r m o f o i l  (MINCO) s t r i p s  wrapped a r o u n d  t h e  c o p p e r  
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r o d .  To min imize  t h e  h e a t  l o s s  due  t o  r a d i a t i o n  i t  was n e c e s s a r y  

t o  c o v e r  t h e  h e a t e r  a s s e m b l y  by means o f  a  t h e r m a l l y  i n s u l a t i n g  

(hy lam)  c y l i n d e r .  T h i s  material was s e p a r a t e d  f rom t h e  t h e r m o f o i l  

s t r i p s  by means o f  a t h i n  s h e e t  o f  a s b e s t o s . p a p e r .  A t h i n  m y l a r  

s h e e t  ( 1 2  pm t h i c k )  s e r v e d  t o  c o v e r  b o t h  s i d e s  o f  t h e  windows on  

t h e  c y l i n d e r  i n  o r d e r  t o  p r e v e n t  a i r  c u r r e n t s .  A g u i d i n g  screw 

t h r e a d i n g  t h r o u g h  tht body o f  t h e  h e a t e r  h e l p s  i n  e n s u r i n g  t h a t  

t h e  s a m p l e  h o l d e r  c a n  be i n s e r t e d  i n t o  t h e  h e a t e r  o n l y  i n  o n e  p o s i -  

t i o n .  F o r  t h i s  p u r p o s e ,  a m a t c h i n g  g r o o v e  was made a l o n g  t h e  a x i s  

o f  t h e  s a m p l e  h o l d e r  wh ich  was a n c h o r e d  t o  t h e  h e a t e r  by means 

o f  a screw l o c a t e d  d i a m e t r i c a l l y  o p p o s i t e  t o  t h e  g u i d i n g  s c r e w .  

T h e s e  two screws are  a l s o  u s e d  f o r  a n c h o r i n g  t h e  hylam c y l i n d e r  

t o  t h e  h e a t e r  body. Thus  i t  was made s u r e  . t h a t  t h e  e x i t  s i d e  o f  

t h e  s a m p l e  h o l d e r  a l w a y s  m a t c h e s  t h e  e x i t  s i d e  o f  t h e  h e a t e r .  The 

material  of t h e  h e a t e r  a n d  t h e  sample  h o l d e r  as  well a s  t h e i r  dimen-  

s i o n s  are s o  c h o s e n  t h a t  t h e r e  i s  no v e r t i c a l  t e m p e r a t u r e  g r a d i e n t  

a l o n g  t h e  l e n g t h  o f  t h e  s a m p l e .  A l so ,  t h e  t e m p e r a t u r e  o f  s a m p l e  

c o u l d  be m a i n t a i n e d  t o  w i t h i n  + 10  mK d u r i n g  a n y  measurement .  To 

i n c r e a s e  t h e  e f f i c i e n c y  i n  c o n t r o l l i n g  and m a i n t a i n i n g  t h e  s a m p l e  

t e m p e r a t u r e ,  t h e  whole  s a m p l e  a s s e m b l y  was f u l l y  e n c l o s e d  i n s i d e  

a good t h e r m a l l y  i n s u l a t i n g  chamber .  

The t e m p e r a t u r e  o f  t h e  sample  was p robed  u s i n g  a chromel-  

a l u m e l  t h e r m o c o u p l e  whose o u t p u t  was f e d  t o  a d i g i t a l  n a n o v o l t m e t e r  

( K e i t h l e y  1 8 1 ) .  The t h e r m o c o u p l e  was c a l i b r a t e d  i n  t h e  manner d e s c r i -  



bed i n  S e c t i o n 2 . 1 . 2  s o  a s  t o  g i v e  t h e  c o r r e c t  t e m p e r a t u r e  o f  t h e  

s a m p l e .  

2.2.3. Measuring Electronics and Data Collection 

A b l o c k  d i a g r a m  o f  t h e  d i f f r a c t o m e t e r  s e t  u p  i s  shown i n  

F i g .  2 . 9 .  The w o r k i n g  of  t h e  d i f f r a c t o m e t e r  was c o n t r o l l e d  b y  a 

compute r  ( H e w l e t t  P a c k a r d ,  86B) w i t h  128 k b y t e s  o f  p h y s i c a l  memory. 

A l l  t h e  i n s t r u m e n t s  were i n t e r f a c e d  t o  t h e  compute r  by s e r i a l /  

p a r a l l e l  I n t e r f a c e  Bus. The d e t e c t i o n  e l e c t r o n i c s  c o n s i s t s  o f  t h e  

d e t e c t o r ,  a  p u l s e  h e i g h t  a n a l y s e r  and h i g h  v o l t a g e  power s u p p l i e s .  

P u l s e s  f rom t h e  d e t e c t o r  a f t e r  b e i n g  f e d  t h r o u g h  t h e  a m p l i f i e r  

a n d  t h e  d i s c r i m i n a t o r  r e a c h  t h e  r a t e m e t e r  where  t h e  i n t e n s i t y  o f  

t h e  X-ray beam is  e x p r e s s e d  a s  c o u n t s  p e r  s e c o n d .  The d i s c r i m i n a t o r  

o u t p u t  i s  f e d  t o  a s t e p p e r  motor  c o n t r o l .  The d a t a  c o l l e c t i o n  

is done  by means of a n  e l a b o r a t e  program which  c o n t r o l s  c o u n t i n g ,  

d u r a t i o n  o f  c o u n t i n g  time, d r i v i n g  o f  s t e p p e r  m o t o r , d a t a  s t o r a g e  

a n d  d a t a  a n a l y s i s .  We s h a l l  d e s c r i b e  i n  t h e  f o l l o w i n g  a t y p i c a l  

e x p e r i m e n t  c a r r i e d  o u t  u s i n g  t h i s  s e t - u p .  

2 .2 .4  A T y p i c a l  E x p e r i m e n t  

The l i q u i d  c r y s t a l  sample  was f i l l e d  i n  a Lindemann- 

c a p i l l a r y  $ a s  d e s c r i b e d  i n  S e c t i o n  2 .1 .1  ( d )  . The s a m p l e  was i n i t i a l l y  

h e a t e d  t o  t h e  n e m a t i c  p h a s e  and  t h e n  c o o l e d  s l o w l y  i n t o  t h e  smectic 

A i n  p r e s e n c e  o f  a s t r o n g  m a g n e t i c  f i e l d  ( 2 . 4  T e s l a )  u s i n g  a B r u k e r  

e l e c t r o m a g n e t  (B.E-25) w i t h  t a p e r e d  c o b a l t - i r o n  p o l e- p i e c e s .  T h i s  





r e s u l t e d  i n  a v e r y  well a l i g n e d  A p h a s e .  The o r i e n t e d  sample  ( i n  

t h e  A p h a s e )  was t h e n  t r a n s f e r r e d  a l o n g  w i t h  t h e  t e m p e r a t u r e  c o n t r o -  

l l e d  oven o n t o  t h e  g o n i o m e t e r  b a s e .  An i n i t i a l  s c a n  was t a k e n  by  

c h a n g i n g  t h e  p o s i t i o n  o f  t h e  c o u n t e r  i n  s t e p s  o f  O.O1° a n d  t h e  

a p p r o x i m a t e  p o s i t i o n  ( 8 ) o f  t h e  d i f f r a c t i o n  peak  was o b t a i n e d .  

A r e f i n e d  8 s c a n  was t h e n  t a k e n  a round  t h i s  8 p o s i t i o n  by moving 

t h e  c o u n t e r  i n  s t e p s  of 0 . 0 0 1  o f  a d e g r e e .  The d a t a  were  f i t t e d  

t o  a s e c o n d  d e g r e e  p o l y n o m i a l  by u s i n g  a l e a s t - s q u a r e - f i t  p rog ram.  

The v a l u e  o f  8 o b t a i n e d  i n  t h i s  way was c o r r e c t e d , a s  i t  i s  p o s s i b l e  

t h a t  t h e  l a y e r  s p a c i n g  d e t e r m i n e d  i n  t h e  manner  d e s c r i b e d  a b o v e  

may d i f f e r  f rom t h e  e x p e c t e d  v a l u e s  b e c a u s e  o f  t h e  l i m i t a t i o n s  

imposed by t h e  e x p e r i m e n t a l  c o n d i t i o n s .  A c a l i b r a t i o n  was c a r r i e d  

o u t  by m e a s u r i n g  t h e  l a y e r  s p a c i n g  f o r  a ser ies  o f  materials f o r  

2;3 wh ich  a c c u r a t e  l a y e r  s p a c i n g  d a t a  i s  a v a i l a b l e .  By c o m p a r i n g  

t h e  measu red  a n d  t h e  l i t e r a t u r e  v a l u e s ,  t h e  c o r r e c t i o n  t o  t h e  measu- 

r e d  8 was d e t e r m i n e d  u s i n g  t h e  s t a n d a r d  i n t e r p o l a t i o n  t e c h n i q u e .  

U s i n g  t h e  c o r r e c t e d  8 ,  t h e  l a y e r  s p a c i n g  was d e t e r m i n e d  f rom t h e  

r e l a t i o n  d = X / 2 s i n  8 . The o n - l i n e  9 - r e f i n e m e n t  o f  a peak a t  a n y  

t e m p e r a t u r e  r e q u i r e d  2  m i n u t e s .  Dur ing  t h i s  p e r i o d  t h e  t e m p e r a t u r e  

o f  t h e  s a m p l e  was m a i n t a i n e d  t o  a  c o n s t a n c y  o f  b e t t e r  t h a n  ? 10  

mK . 

2.2.5 Wavevector  R e s o l u t i o n  

The l i n e  s h a p e  o b s e r v e d  i n  a n  X-ray s c a t t e r i n g  e x p e r i m e n t  

is  g i v e n  by t h e  c o n v o l u t i o n  o f  t h e  s t r u c t u r e  f a c t o r  a n d  t h e  s p e c t r o -  



m e t e r  r e s o l u t i o n  f u n c t i o n .  The l a t t e r  i n c l u d e s  b r o a d e n i n g  o f  t h e  

?eak  due  t o  sl i t  w i d t h ,  s a m p l e  s i z e  and  t h e  Darwin w i d t h  o f  t h e  

monochromator  c r y s t a l .  I n  o u r  e x p e r i m e n t s  t h e  r e s o l u t i o n  o f  t h e  

i n s t r u m e n t  i s  a l s o  i n f l u e n c e d  v e r y  much by t h e  sample  m o s a i c i t y .  

Even a t  t h e  smallest sl i t  w i d t h  p e r m i t t e d  by  t h e  s e t  up ( 1 0  pm) 

a n  1-8 s c a n  ( i n t e n s i t y  - s c a t t e r i n g  a n g l e )  shows a peak  w i t h  h a l f  

w i d t h  a t  h a l f  maximum of O.OlO.  

The w a v e v e c t o r  s p r e a d  ( d q )  i n  t h e  e q u a t o r i a l  d i r e c t i o n  

d u e  t o  t h i s  a n g u l a r  w i d t h  d 8  -O.O1° a s  c a l c u l a t e d  f rom t h e  e q u a t i o n  

?-! c o s  8 d e  X 

f o r  a t y p i c a l  s c a t t e r i n g  a n g l e  o f  - 0.88'  i s  dq  = 1 .42  x  ;-I. 

I n  o t h e r  words  t h i s  se t  up  p e r m i t s  u s  t o  r e s o l v e  two p e a k s  whose 

minimum s e p a r a t i o n  i n  q  s p a c e  i s  1 .4  x  . The p r e c i s i o n  

i n  t h e  d e t e r m i n a t i o n  o f  q  i t s e l f  a t  a n y  t e m p e r a t u r e  i s  + 2 x 10  
-4 

2-3 HIGH PRESSURE OPTICAL CELL 

A v a r i e t y  o f  h i g h  p r e s s u r e  c e l l s  have  been  u s e d  s o  f a r  4-9 

t o  s t u d y  p h a s e  t r a n s i t i o n s  i n  l i q u i d  c r y s t a l s  u n d e r  h i g h  p r e s s u r e .  

Amongst t h e s e  t h e  mos t  s u c c e s s f u l  h a s  been  t h e  o p t i c a l  h i g h  p r e s s u r e  

c e l l  which  is a d i r e c t - p r e s s u r e  t r a n s m i t t i n g  c e l l .  Such  a c e l l  

a l r e a d y  e x i s t e d  i n  t h e  l a b o r a t o r y  and h a s  been  u s e d  f o r  e x t e n s i v e  

s t u d i e s  on l i q u i d  c r y s t a l s .  
4 ,8 -10  A few m o d i f i c a t i o n s  a r e  



made to this cell for the following reasons : -  

(i) the cell has to be capable of both microscopic and light 

scattering studies, and 

(ii) it has to work even for very small quantities of materials 

( 5  mg or even less). A description of the cell is given below. 

2.3.1 Description of the Cell 

A schematic diagram of the high pressure optical cell is 

given in Fig. 2.10. All the components of the cell are machined 

out of a low alloy hardenable steel, viz., EN-24 (equivalent to 

AISI 4130) which has 0.4% carbon, 0.2% silicon and 0.55% nickel. 

This steel has the advantage that it can be hardened to great 

strengths by means of martensitic transformation. The alloying 

elements increase hardenability of the material and in addition, 

also contribute with solid-solution strengthening. The different 

parts of the cell were machined and heat treated to hardness ranging 

from 40 to 55 RC depending on the component and its location in 

the cell. 

The body of the cell (Fig. 2.11) has threaded openingson 

both sides into which two plugs (see Fig.2.10) with exactly matching 

threads can be fitted. On the outside, the plugs have a large 

tapered opening (70° outside taper) which facilitates a wide viewing 

angle without affecting the strength of the plug. On the inside, 

the plugs have a small protrusion which is made optically flat 

by hand-lapping. These plugs keep the sample assembly in position. 
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The c e n t r a l  h o l e  o f  t h e  u p p e r  p l u g  is  s e a l e d  by a n  o p t i c a l l y  p o l i -  

s h e d  s a p p h i r e  r o d  which a l s o  forms a p a r t  o f  t h e  s a m p l e  a s s e m b l y .  

The h o l e  i n  t h e  c e l l  body f o r  t h e  p r e s s u r e  c o n n e c t i o n  c o n s i s t s  

o f  two stages: a smaller h o l e  which e x t e n d s  from t h e  i n t e r i o r  o f  

t h e  body t o  a b o u t  t w o- t h i r d s  o f  t h e  t h i c k n e s s  a n d  j o i n s  a larger 

h o l e  b o r e d  f rom o u t s i d e .  

2.3.2 Sample  Chamber 

I n  o r d e r  t o  d e v e l o p  h i g h  p r e s s u r e  i n  t h e  small c e n t r a l  

s a m p l e  chamber ,  i t  is e s s e n t i a l  t o  have  a t i g h t  seal  a l o n g  b o t h  

b o u n d r i e s  of t h e  p l u g s :  o n e  f o r  t h e  c e n t r a l  h o l e  a n d  t h e  o t h e r  

a l o n g  t h e  c i r c u l a r  bounda ry  o f  t h e  chamber a g a i n s t  t h e  p l u g .  The 

r e a s o n  f o r  t h e  l a t t e r  is  t h a t  t h e  t h r e a d s  o f  t h e  p l u g  a l o n e  are 

n o t  enough t o  h o l d  t h e  p l u g  t i g h t l y  a g a i n s t  t h e  ma in  body o f  t h e  

ce l l .  A t h i n  c l e a r a n c e  be tween t h e  p l u g  and t h e  s a m p l e  chamber 

c a u s e d  by a s l i g h t  l i f t i n g  o f  t h e  p l u g  by h i g h  p r e s s u r e  l e a d s  t o  

a l e a k  o f  t h e  o i l  t o  t h e  o u t s i d e .  T h i s  l e a k  is  a v o i d e d  by p l a c i n g  

a r o u n d  t h e  j u n c t i o n  a n e o p r e n e  ' 0 '  r i n g  i n  c o n j u n c t i o n  w i t h  a n  

a n t i - e x t r u s i o n  r i n g .  The seal  a t  t h e  c e n t r a l  h o l e  o f  t h e  p l u g  is  

made w i t h  o p t i c a l l y  p o l i s h e d  s a p p h i r e  windows a n d  a small washe r  

made o f  t h i n  a luminium f o i l  - t h e  washe r  f i l l s  a n y  c r e v i c e s  on 

t h e  s u r f a c e  of  t h e  p l u g .  The s a p p h i r e  windows as  w e l l  as  t h e  ' 0 '  

r i n g  are  h e l d  i n  p o s i t i o n  i n i t i a l l y  by t h e  o u t e r  s p a c e r .  -- 

2.3.3 E n c a p s u l a t i o n  of t h e  Sample 

It is  w e l l  known t h a t  l i q u i d  c r y s t a l s  i n t e r a c t  w i t h  p r e s s u r e  



t r a n s m i t t i n g  media - gas o r  l iquid.  I t  i s  t h e r e f o r e  n e c e s s r y  t o  i s o -  

l a t e  t h e  sample  f rom t h e  p r e s s u r e  t r a n s m i t t i n g  medium.This  is  

a c h i e v e d  by u s i n g  a f l u r a n  t u b i n g .  F l u r a n ,  a n  e l a s t o m e r  material 

d o e s  n o t  react w i t h  l i q u i d  c r y s t a l s  and a t  t h e  same time t r a n s m i t s  

p r e s s u r e  e x c e e d i n g l y  w e l l .  It c a n  a l s o  w i t h s t a n d  t e m p e r a t u r e s  up 

t o  a b o u t  270°C. The s a m p l e  a s s e m b l y  is s c h e m a t i c a l l y  r e p r e s e n t e d  

i n  F i g .  2 .12 .  The sample  sandwiched  between two s a p p h i r e  r o d s  which  

f i t  s n u g l y  i n s i d e  t h e  f l u r a n  t u b e .  An e f f e c t i v e  seal  is  r e a l i s e d  

by t i g h t l y  wrapp ing  a t h i n  s t e e l  w i r e  a r o u n d  t h e  t u b i n g  on  t h e  

s a p p h i r e  windows. The i n n e r  s p a c e r  ( l o w  p r e s s u r e  s e a l e r ) ,  washe r  

and  t h e  s p r i n g  ( s e e  F i g .  2 . 1 0 )  c e n t r e  t h e  bo t tom s a p p h i r e  (wh ich  

i s  free a s  i t  i s  n o t  u s e d  t o  sea l  t h e  c a p )  o f  t h e  s a m p l e  a s s e m b l y  

a n d  keep  i t  u n d e r  a h i g h  t e n s i o n .  The t h i r d  s a p p h i r e  which  i s  com- 

p l e t e l y  i s o l a t e d  f rom t h e  s a m p l e  a s s e m b l y  seals  t h e  bo t tom end  

o f  t h e  p r e s s u r e  c e l l .  The s p a c e  between t h i s  t h i r d  s a p p h i r e  a n d  

t h e  bo t tom s a p p h i r e  o f  t h e  s a m p l e  a s sembly  is o c c u p i e d  by a glass 

r o d  r e d u c i n g  t h e r e b y  t h e  amount o f  o i l  be tween t h e s e  two s a p p h i r e s  

which  o t h e r w i s e  would h a v e  d e c r e a s e d  t h e  i n t e n s i t y  o f  t h e  t r a n s m i-  

t t e d  l i g h t .  It  must  a l s o  be  men t ioned  t h a t  a l l  t h r e e  s a p p h i r e  r o d s  

a re  s p e c i a l l y  c u t  s u c h  t h a t  t h e  c- a x i s  is p e r p e n d i c u l a r  t o  t h e  

f a c e s .  

2.3.4 D e s c r i p t i o n  o f  t h e  H e a t i n g  and C o o l i n g  Sys t ems  

Most o f  t h e  e x p e r i m e n t s  conduc ted  by u s  r e q u i r e d  q u i t e  

h i g h  t e m p e r a t u r e s  ( a b o u t  200°C) and  hence  i t  was n e c e s s a r y  t o  have  
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a h e a t i n g  s y s t e m  which  c a n  r a i s e  t h e  t e m p e r a t u r e  o f  t h e  e n t i r e  

p r e s s u r e  c e l l  t o  t h e s e  r e l a t i v e l y  h i g h  t e m p e r a t u r e s .  F i g .  2 .13  

shows t h e  s c h e m a t i c  d i a g r a m  o f  t h e  h e a t e r  a n d  c o o l e r  a s s e m b l i e s .  

The h e a t i n g  s y s t e m  is  made o f  a n  a luminium c y l i n d e r  whose i n t e r n a l  

d i a m e t e r  i s  s u c h  t h a t  t h e  p r e s s u r e  c e l l  would be  p u s h - f i t t e d  i n t o  

i t .  Thus  i t  a l s o  ac t s  a s  a b i n d i n g  r i n g  f o r  t h e  p r e s s u r e  c e l l .  

Nichrome t a p e  was wound on  mica s h e e t s  which  i n  t u r n  were wrapped 

a r o u n d  t h e  i n s i d e  w a l l  o f  t h e  a luminium c y l i n d e r .  The e f f e c t i v e  

h e a t i n g  c a p a c i t y  was a b o u t  200 watts .  A r a d i a l  h o l e  was made t h r o u g h  

t h e  a lumin ium c y l i n d e r  t o  f a c i l i t a t e  t h e  t a k i n g  o u t  o f  t h e  p r e s s u r e  

t u b i n g s  f rom t h e  p r e s s u r e  c e l l  t o  t h e  o u t s i d e .  A chromel -a lume l  

t h e r m o c o u p l e  s h e a t h e d  i n  a c e r a m i c  t u b e  was u s e d  t o  measu re  t h e  

t e m p e r a t u r e  s e n s e d  by t h e  s a m p l e .  The t h e r m o c o u p l e  i s  i n t r o d u c e d  

t h r o u g h  a small r a d i a l  h o l e  and  i s  s o  l o c a t e d  t h a t  i ts  j u n c t i o n  

j u s t  t o u c h e s  t h e  c e l l  body. No h o l e s  a re  made on  t h e  c e l l  body 

f o r  t h e  i n s e r t i o n  o f  t h e  t h e r m o c o u p l e  s i n c e  t h a t  would  c o n s i d e r a b l y  

weaken t h e  c e l l  body. T h e r e  w i l l  be however a d i f f e r e n c e  i n  t h e  

t e m p e r a t u r e  o f  t h e  sample  a n d  t h a t  s e n s e d  by t h e  t h e r m o c o u p l e  junc-  

t i o n .  By a c c u r a t e l y  mapping t h i s  g r a d i e n t  a t  a l l  t e m p e r a t u r e s ,  

t h i s  p rob lem was oveycome. T h e s e  c a l i b r a t i o n  e x p e r i m e n t s  were  pe r-  

formed u s i n g  a un i fo rm h e a t i n g  o r  c o o l i n g  ra te  o f  I0C/min .  

A c o o l i n g  u n i t  was u s e d  o n l y  when t h e  c e l l  had t o  b e  c o o l e d  

t o  sub- ambien t  t e m p e r a t u r e s .  Above room t e m p e r a t u r e  c o o l i n g  c o u l d  

be done  by m e r e l y  v a r y i n g  t h e  c u r r e n t  t h r o u g h  t h e  h e a t i n g  e l e m e n t .  
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A c o o l i n g  j a c k e t  i s  made u s i n g  a luminium a s  t h e  material i n t o  

which  t h e  c e l l  c a n  be p r e s s - f i t t e d .  By s u i t a b l y  s c o o p i n g  o u t  t h e  

i n s i d e  material f rom t h e  j a c k e t  and  by c l o s i n g  t h e  t o p  o f  t h e  j a c k e t  

w i t h  a n  a lumin ium s t r i p ,  water c a n  be p a s s e d  i n t o  t h e  j a c k e t  t h r o u g h  

t h e  n o z z l e s  p r o v i d e d  a t  t h e  e n d s  o f  t h e  j a c k e t .  I n  f a c t ,  t h e  j a c k e t  

c o n s i s t e d  o f  two l c l  s h a p e d  u n i t s  l i n k e d  by a h i n g e .  S o  whenever  

c o o l i n g  was n e c e s s a r y  i t  c o u l d  be s l i p p e d  t h r o u g h  e a s i l y .  A thermo-  

s t a t  was u s e d  t o  pump water i n t o  t h e  c o o l i n g  j a c k e t .  The water, 

as i t  p a s s e s  t h r o u g h  t h e  e n t i r e  c i r c u m f e r e n c e  o f  t h e  c o o l i n g  j a c k e t ,  

p r o v i d e s  a v e r y  e f f i c i e n t  way o f  c o o l i n g  t h e  c e l l .  

2.3.5. High P r e s s u r e  Plumbing Sys tem 

The s c h e m a t i c  d i a g r a m  o f  t h e  h i g h  p r e s s u r e  p lumbing s y s t e m  

i s  shown i n  F i g .  2 .14 .  A hand-pump ( P P I ,  USA) i s  u s e d  t o  g e n e r a t e  

t h e  p r e s s u r e  i n  t h e  c e l l .  F i n e  v a r i a t i o n s  o f  p r e s s u r e  are a c h i e v e d  

by u s i n g  a p r e s s u r e  g e n e r a t o r  (HIP, USA) w i t h  a small d i s p l a c e -  

ment c a p a c i t y .  The l i n e  p r e s s u r e ,  which  is n o t h i n g  b u t  t h e  p r e s s u r e  

e x p e r i e n c e d  by t h e  s a m p l e ,  is  measured  by a Bourdon t y p e  (HEISE) 

g a u g e .  The p lumbing c o n n e c t i o n s  a r e  made t h r o u g h  two-way a n d  t h r e e -  

way v a l v e s .  The a d v a n t a g e  o f  u s i n g  a three- way v a l v e  o v e r  t h a t  o f  

a T - j o i n t  i s  t h a t  t h e  i n s t r u m e n t  which  is c o n n e c t e d  t h r o u g h  t h e  

v a l v e  c a n  be i s o l a t e d  f rom t h e  m a i n l i n e  when n o t  i n  u s e  by j u s t  

c l o s i n g  t h e  v a l v e .  Thus ,  f o r  example ,  a p r e s s u r e  t r a n s d u c e r  c o u l d  

be  u s e d  l l on - l ine l l  whenever  r e q u i r e d .  The t u b i n g  u s e d  was made o f  





seamless s t a i n l e s s  s t e e l  m a t e r i a l  ( I D  = 2  mm a n d  OD - 10 mm). The 

v a l v e s  as  well a s  t h e  t u b i n g  were chosen  t o  w i t h s t a n d  l i n e  p r e s s u r e s  

up  t o  7 k b a r .  

The sample  was p r e s s u r i s e d  i n  a f a i r l y  s t r a i g h t f o r w a r d  

way: t h e  l1pr imingV was done  u s i n g  t h e  hand-pump. P u l l i n g  t h e  h a n d l e  

o f  t h e  pump up raises t h e  p i s t o n  and draws o i l  f rom t h e  r e s e r v e  

i n t o  t h e  pump's chamber .  P u s h i n g  t h e  h a n d l e  down l o w e r s  t h e  p i s t o n  

which c o m p r e s s e s  t h e  o i l  a n d  s e n d s  i t  t h r o u g h  t h e  s t ee l  l i n e  i n t o  

t h e  c e l l .  After t h i s  p r i m i n g  o p e r a t i o n  p r e s s u r e  c o u l d  be  f i n e  

c o n t r o l l e d  u s i n g  t h e  p r e s s u r e  g e n e r a t o r .  A s  t h e  p r e s s u r e  i n  t h e  

c e l l  is  t h e  same a s  t h a t  i n  t h e  pump t h e  c e l l  p r e s s u r e  c o u l d  be 

i n d i r e c t l y  measured  by m e a s u r i n g  t h e  l i n e  p r e s s u r e .  

2.3.6. D e t e r m i n a t i o n  of t h e  P h a s e  T r a n s i t i o n  T e m p e r a t u r e  by  O p t i c a l  

T r a n s m i s s i o n  Techn ique  

The s c h e m a t i c  d i a g r a m  o f  t h e  o p t i c a l  t r a n s m i s s i o n  t e c h n i q u e  

is  shown i n  F i g .  2 .15 .  The t r a n s i t i o n  t e m p e r a t u r e s  w e r e  d e t e r m i n e d  

as d i s c u s s e d  i n  S e c t i o n  2 . 1 . 2 .  

2.3.7 T e m p e r a t u r e  C a l i b r a t i o n  o f  t h e  High P r e s s u r e  C e l l  

F o r  a n  a c c u r a t e  t e m p e r a t u r e  c a l i b r a t i o n  o f  t h e  h i g h  p r e s s u r e  

c e l l  d u r i n g  h e a t i n g  and  c o o l i n g  modes, s e v e r a l  compounds,  non-meso- 

morph ic  as well as mesomorphic,  were  used .  T h e s e  are l i s t e d  i n  

t a b l e  2 . 4 .  
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Table 2.4 

Materials used for the temperature calibration 

SL. 
No. 

Compound Abbreviation 

1 trans-4-alkyl-4'-cyanocyclohexyl- C - CHn 
cyclohexane (n = 2,4) 

NPOOB 

n-p-cyanobenzylidene-p-nonylaniline CBN A 

.4,4'-di-n-heptyloxyazoxybenzene HOAB 

( p-azoxyanisole 

7 p-Azoxyphenetole PAP 



a )  H e a t i n g  mode 

The t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  m a t e r i a l s  were  measured 

on t h e  h e a t i n g  mode u s i n g  a  p o l a r i z i n g  microscope f i t t e d  w i t h  a  
I 

programmable h o t  stage ( M e t t l e r  FP82/FP800) a r e  l i s t e d  i n  t a b l e  

2 .5 .  The p l o t  o f  t h e s e  t e m p e r a t u r e s  a g a i n s t  t h e  t r a n s i t i o n  tempera-  

t u r e s  o f  t h e  same m a t e r i a l s  a s  de te rmined  ' i n - s i t u l  i n  t h e  h i g h  

p r e s s u r e  c e l l  u s i n g  t h e  o p t i c a l  t r a n s m i s s i o n  t e c h n i q u e  is  shown 

i n  F i g .  2.16.  The d a t a  were  f i t t e d  t o  a  s t r a i g h t  l i n e  u s i n g  a l i n e a r  

l e a s t  s q u a r e  program. The v a l u e s  o f  s l o p e  and i n t e r c e p t  t h u s  o b t a i -  

ned a r e  1.000 and 1.571°C r e s p e c t i v e l y .  

b )  C o o l i n a  mode 

S i n c e  c r y s t a l l i z a t i o n  t e m p e r a t u r e  depends  on t h e  e x p e r i -  

menta l  c o n d i t i o n s ,  it was found n e c e s s a r y  t o  u s e  o n l y  mesophase- 

mesophase t r a n s i t i o n s ,  which a r e  r e p r o d u c i b l e  i n  t h e  c o o l i n g  mode, 

f o r  t h e  purpose  o f  c a l i b r a t i o n .  The compounds used are l i s t e d  i n  

T a b l e  2.6 a l o n g  w i t h  t h e  t r a n s i t i o n  t e m p e r a t u r e s  as de te rmined  

u s i n g  M e t t l e r  h o t- s t a g e .  The p l o t  of t h e s e  t e m p e r a t u r e s  a g a i n s t  

t h e  t e m p e r a t u r e  measured ' i n - s i t u f  i n  t h e  h i g h  p r e s s u r e  c e l l  is 

shown i n  F i g .  2.17.  The v a l u e s  o f  t h e  c o n s t a n t s  o f  t h i s  l i n e a r  

p l o t  a r e  0 .985  and -0.26g°C. 

c )  P r e s s u r e  C a l i b r a t i o n  o f  t h e  C e l l  

I n  o r d e r  t o  a s c e r t a i n  t h a t  t h e  p r e s s u r e  e x p e r i e n c e d  by 



- Table 2.5 

Materials  used f o r  the  temperature c a l i b r a t i on  of the  high pressure 

c e l l  (heating mode) and t h e i r  t r an s i t i on  temperatures 

Actual Observed 
S1 Substance 
No Transit ion temp. ( O C )  temp. ( O C )  

by Mett ler  (by pressure 

1 C - CH2 

2 Azobenzol 

j NPOOB 

Nematic-Isotropic 

Sol id  - I so t rop i c  

Nematic- Isotropic 

4 C - CH4 

5 Benzil 

6 70PDOB 

Nematic - I so t rop ic  

S o l i d-  Iso t rop ic  

Solid - Smectic C 

Smectic A -Nematic 

Nematic - I so t rop i c  

7 CBNA Sol id  - Smectic A 

Smectic A - Nematic 

Nematic - I so t rop i c  

8 HOAB Sol id- Smect ic  C 

Smectic C - ~em'at ic  

Nematic - I so t rop i c  

Solid - ~ e m a t i c  

Nematic- Isotropic 

9 PAA 

10 PAP Solid-Nematic 

Nematic- I so t rop i c  



Actual temperature (OC) 

Tempeiatuie calibiation cuive on heating mode. The data point4 maihed 

colriespond t o  thohe given in Table 2.5. 



Table 2.6 

Temperature c a l i b r a t i on  of the high pressure c e l l  during cooling 

mode: Materials  used and t h e i r  t r an s i t i on  temperatures 

Actual 
Observed 

.-...- I L3 n \ temp. ( O C )  S1. 
No. Substance Transit ion LcZlllP. ( - L 1 

by Mett ler  
by pressure  
c e l l  

C - CH2 I so t rop i c-  Nematic 

NPOOB ' Isotropic-Nematic 

Nematic - Smectic A 

C - CH4 I so t rop ic  - Nematic 

70PDOB Iso t rop ic  -Nematic 

Nematic - Smectic A 

CBNA I so t rop ic  -Nematic 

Nematic-Smectic A 

HOAB I so t rop ic  -Nematic 

Nematic-Smectic C 

PA A I so t rop ic  - Nematic 

PAP Isot ropic- Nemat ic  



Actual temperature (OC) 

Fiqure 2.17 

Tempezature calibration cuzve during cooling. The data points marked 

cozrespond to those lidted in Tab4e 2.6. 



t h e  s a m p l e  i s  t h e  same a s  t h e  l i n e  p r e s s u r e  r e a d  i n  t h e  g a u g e ,  

we c o n d u c t e d  c a l i b r a t i o n  e x p e r i m e n t s  u s i n g  p- a z o x y a n i s o l e  ( E A A ) ,  

11 -20 p e r h a p s  t h e  most  w i d e l y  s t u d i e d  l i q u i d  c r y s t a l  u n d e r  p r e s s u r e .  

The n e m a t i c - i s o t r o p i c  t r a n s i t i o n  was u s e d  f o r  t h e  p u r p o s e .  The 

e x p e r i m e n t s  were  c o n d u c t e d  on b o t h  i n c r e a s i n g  and d e c r e a s i n g  p r e-  

s s u r e  c y c l e  a n d  i t  was found  t h a t  t h e  t r a n s i t i o n  t e m p e r a t u r e  a t  

a n y  p r e s s u r e  was i n d e p e n d e n t  o f  t h e  p r e s s u r e  c y c l i n g .  T h i s  showed 

t h a t  t h e  s a m p l e  i n  t h e  c e l l  was e x p e r i e n c i n g  h y d r o s t a t i c  p r e s s u r e .  

The a c c u r a c y  o f  p r e s s u r e  measu remen t s  was k1.5 b a r .  
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