
C H A P T E R  I I 

DESCRIPTION OF THE EXPERIMENTAL SET UP 

This c h a p t e r  descr ibes  t h e  expe r imen ta l  s e t  up u s e d  in t h e  

d i e l ec t r i c  s tud ie s  r epor t ed  in th is  thesis.  

2.1 The Cell  

1 
T h e  s c h e m a t i c  d i ag ram of t h e  cel l  used is g iven  in fig.2.la. 

It cons is t s  of two  aluminium c o a t e d  glass  p l a t e s  which s e r v e  a s  

t h e  e l ec t rodes .  The  sepa ra t ion  be tween t h e m  w a s  d e f i n e d  by t w o  

na r row s t r ip s  of mylar  (or  Kapton  for  t e m p e r a t u r e s  a b o v e  170°C). 

T h e  th ickness  of t h e  space r s  used ranged f r o m  12.5 Um t o  100 

Urn, depending  on t h e  m a t e r i a l  inves t iga ted  a n d  t h e  g e o m e t r y  of 

t h e  set up. C a r e  was  t a k e n  t o  e l imina te  t h e  con t r ibu t ion  of t h e  

mylar  t o  t h e  t o t a l  c a p a c i t a n c e  of t h e  cel l  by posi t ioning t h e  mylars /  

Kaptons  ou t s ide  t h e  a c t i v e  a r e a  of t h e  ce l l  which  w a s  a b o u t  1 

sq.cm. A bevel ,  m a d e  on  t h e  sho r t e r  s ide  of o n e  of t h e  p la tes ,  

was  used in filling t h e  sample .  The t w o  e l e c t r o d e s  w e r e  o f f s e t  

along t h e  length  and t h e  extending  a r e a  w a s  used t o  m a k e  e l e c t r i c a l  

con tac t s .  The  ce l l  was  held rigidly in a copper  f r a m e  ( s e e  Fig.2. la)  

shaped like a r ec t angu la r  'G'  c lamp.  To avoid uneven press ing  of 

t h e  ce l l  by t h e  brass s c rews ,  a f l a t  copper  p l a t e  w a s  used  t o  cove r  

t h e  glass  plates .  Rec tangu la r  s lo ts  m a d e  in t h e  f r a m e  a n d  in t h e  



F i g u r e  2 . 1 :  S c h e m a t i c  d i a g r a m  o f  
( a )  D i e l e c t r i c  c e l l  a n d  ( b )  h e a t e r .  

1 .  E l e c t r o d e s ,  2 .  B e v e l ,  3.  Coppe r  c l a m p ,  
4 .  Copper p l a t e ,  5 .  B r a s s  s c r e w s ,  
6 .  Windows, 7 .  Copper  c a p ,  8 .  Neop rene  
g a s k e t ,  g . N o z z l e s ,  10. B r a s s  n u t s  w i t h  
p y r o p h i l i t e  b u s h e s ,  1 1 .  C h r o m e l- c o n s t a n t a n  
t h e r m o c o u p l e .  
H r e p r e s e n t s  t h e  d i r e c t i o n  o f  t h e  m a g n e t i c  
f i e l d  f o r  E, measu remen t s  



c o p p e r  p l a t e  s e r v e d  t o  c h e c k  t h e  a l ignment  of t h e  s a m p l e  by visual 

obse rva t ion  be tween  crossed  polarisers. This  c e l l  a l l owed  us t o  

c a r r y  o u t  m e a s u r e m e n t s  e v e n  at  t e m p e r a t u r e s  as high as 220°C. 

Also, i t  has  t h e  a d v a n t a g e  of requiring only a sma l l  quan t i t y  of 

sample .  

2.2 Heater 

A s c h e m a t i c  d i ag ram of t h e  h e a t e r  is shown in Fig.2.lb. 

I t  cons is ted  of a long r ec t angu la r  copper  tube.  T h e  l eng th  of t h e  

h e a t e r  was  de l ibe ra t e ly  m a d e  very la rge  c o m p a r e d  t o  t h e  s i z e  of 

t h e  d i e l ec t r i c  ce l l  t o  e n s u r e  t h a t  t h e r e  a r e  no  t e m p e r a t u r e  g rad ien t s  

in t h e  sample.  Its c ros s  s ec t iona l  s ize  in t h e  c e n t r a l  posi t ion was  

minimised in o r d e r  t o  obta in  a s  high a m a g n e t i c  f ield as possible. 

N ich rome  h e a t e r  wire  w a s  wound a t  both ends  of t h e  hea t e r .  The  

hylam s h e e t s  cover ing  t h e  e n t i r e  su r f ace  of t h e  h e a t e r  body provided 

ve ry  good t h e r m a l  insulation. I t  was  m a d e  su re  t h a t  t h e  ce l l  wks 

a l w a y s  posi t ioned a t  t h e  c e n t r e  of t h e  h e a t e r  when i t  w a s  in t roduced  

i n t o  i t  f r o m  t h e  top. T h e  h e a t e r  could be r o t a t e d  a b o u t  a ve r t i ca l  

ax i s  and  i t s  posi t ion could be read  t o  a n  a c c u r a c y  of 0.1" on  a 

c i r cu la r  s ca l e  a t t a c h e d  t o  i t s  bot tom.  With th i s  a r r a n g e m e n t  t h e  

c e l l  could be r o t a t e d  e x a c t l y  by 90°, t he reby  enabl ing  us t o  m a k e  

both  E and E m e a s u r e m e n t s  (in t h e  n e m a t i c  phase)  using t h e  
I I L 

s a m e  sample .  T h e  h e a t e r  was  sea led  by t i gh ten ing  a c o p p e r  c a p  

wi th  a neoprene  '0' ring. Two brass nuts  w e r e  f ixed  in t h e  body 



of  t h e  h e a t e r  on t h e  s ides  with windows. T h e s e  w e r e  in su la t ed  

f r o m  t h e  h e a t e r  by pyrophi l i te  bushes. Two s c r e w s  could  be  m a d e  

t o  move  f o r w a r d  or  backward  in t h e  nuts  in o r d e r  t o  m a k e  o r  b reak  

e l e c t r i c a l  c o n t a c t  with t h e  e l ec t rodes  wi thout  d is turb ing  t h e  s e a l e d  

envi ronment .  T h e  brass nu t s  w e r e  connec ted  t o  t h e  measu r ing  ins t ru-  

m e n t  ( Impedance  Analyser)  via  coaxial  cables.  T h e  h e a t e r  a s sembly  

was  p laced  on a p la t fo rm which was  provided wi th  level l ing screws.  

The  purpose  of t h i s  a r r a n g e m e n t  i s  two-fold: 

(i) t o  e n s u r e  t h a t  t h e  hea t e r  is p e r f e c t l y  n o r m a l  w i th  

r e s p e c t  t o  t h e  d i r ec t ion  of t h e  m a g n e t i c  f ield and  

(ii) t o  ad jus t  t h e  he ight  of t h e  h e a t e r  r e l a t i v e  t o  t h e  pole- 

p i eces  of t h e  m a g n e t  such t h a t  t h e  ce l l  is s i t u a t e d  

exac t ly  a t  t h e  c e n t r e  of t h e  pole-pieces. Be fo re  t h e  

c o m m e n c e m e n t  of a n y  expe r imen t  t h e  h e a t e r  w a s  f lushed 

wi th  dry n i t rogen  fo r  about  t e n  m i n u t e s  t h rough  a pa i r  

of nozzles  provided a t  t h e  top  of t h e  h e a t e r  cap.  This  

p reven ted  oxida t ion  and de t e r io ra t ion  of t h e  s a m p l e  

a t  high t empera tu re s .  

2.3 TEMPERATURE CONTROL AND MEASUREMENT 

T h e  e l e c t r i c a l  power  t o  t h e  hea t e r  w a s  supplied by a s t ab i l i s ed  

DC power  supply. To p robe  t h e  t e m p e r a t u r e  of t h e  s a m p l e  a ch romel -  

c o n s t a n t a n  the rmocoup le  was  s e l e c t e d  a s  both t h e s e  e l e m e n t s  a r e  



non- magnet ic  mater ia l s .  T h e  thermocouple  w a s  used  in conjunct ion  

wi th  a digi tal  m u l t i m e t e r  (Keithley,  Model No. 195A). Using s imi l a r  

probes  at various posi t ions inside t h e  hea t e r ,  i t  w a s  ini t ial ly a s c e r t a i -  

. ned t h a t  t h e  sample  did no t  exper ience  a n y  n o t i c e a b l e  t e m p e r a t u r e  

gradients .  By varying t h e  c u r r e n t  through t h e  h e a t e r  a t  a con t ro l l ed  

r a t e ,  t h e  t e m p e r a t u r e  of t h e  sample  could be c h a n g e d  at  any des i r ed  

r a t e .  Typical ly,  during t h e  measu remen t  of t h e  s t a t i c  d i e l e c t r i c  

c o n s t a n t ,  t e m p e r a t u r e  w a s  varied a t  a r a t e  of a b o u t  4"C/hour,  

t h i s  r a t e  being much  s lower  (I-2"C/hour) n e a r  a phase  t rans i t ion .  

T h e  t e m p e r a t u r e  of t h e  s a m p l e  was mainta ined  t o  b e t t e r  t h a n  + 2 5  

mK during dispersion measu remen t s .  

2.4 TMEPERATURE CALIBRATION OF THE CELL 

Severa l  liquid c rys t a l l i ne  mater ia l s  t h a t  w e r e  of good c h e m i c a l  

pur i ty  w e r e  used for  t h e  t e m p e r a t u r e  ca l ib ra t ion  of t h e  cell.  T h e  

n a m e s  of t h e  compounds  as well a s  their  nemat ic- iso t ropic  tra::sition 

t e m p e r a t u r e s  as measu red  with t h e  polarizing microscope  f i t t e d  

wi th  a p rogrammable  ho t  s t a g e  a r e  l is ted in Tab le  2.1. The  t h e r m a l  

var ia t ion  of s t a t i c  d i e l ec t r i c  cons t an t  /I ( t h e  measur ing  f i e ld  

-f 
i? 11 n, t h e  d i r ec to r )  n e a r  t h e  nemat ic- iso t ropic  t rans i t ion  is s tud ied  

f o r  e a c h  compound.  11 versus  t h e r m o  emf  p lo ts  a r e  given in F i g u r e s  

2.2-2.5. A slow hea t ing  r a t e  (-4-5"C/hr.) w a s  a d o p t e d  for  t h e  m e a-  

su remen t .  The  t h e r m o  e m f  measured  at t h e  t rans i t ion  for  e a c h  

compound is a l so  given in Table  2.1. T h e  plot  of t h e  t e m p e r a t u r e  



TABLE 2.1 

C o m p o u n d s  u s e d  in t h 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  d i e l e c t r i c  c e l l  

a n d  t h e i r  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  t e m p e r a t u r e s  

A c t u a l  t e m p e r a t u r e  DMM 
S.No. N a m e  of  t h e  c o m p o u n d  ("C) by  M e t t l e r  r e a d i n g  

I  4 ' -n -Pen ty l  4- cyano  b i p h e n y l  

( ~ c B ) ~  

2 4- C y a n o  c y c l o h e x y l - 4 ' - e t h y l  c y c l o -  

h e x a n e  ( C C H * )  3 48.5 1 

3 4- N i t r o p h e n y l  4 ' -n-octyloxy 

b e n z o a t e  ( 8 . 0 . ~ 0 ~ ) ~  68.24 

4 4 ' -n-Octyluxy 4 -cyano  b ipheny l  ( 8 0 ~ ~ ) ~  80.35 

5 4-n-Hexyloxy pheny l  4 ' - cyano-  

b e n z o a t e  (cN.o.~) 5 95.89 

6 4-Biphenylyl-4"-n-propyl b e n z o a t e  

( B ~ B ) ~  108.58 

7 4-Biphenylyl-4"-n-nonyloxy b e n z o a t e  

( 8 9 0 ~ ) ~  127.86 

8 4- Undecy loxy  phenyl-4'-(4"-cyano- 
7 

b e n z y l o x y )  b e n z o a t e  ( I  I  O P C B O B )  160.05 



THERMO EMF ( r n V )  
Figure 2.2 

Temperature variation of dielectric constant E ,  near the nematic-isotropic 

transition for (a) 4'-n-octyloxy.4-cyanobiphenyl (80CB) and (b) 4-biphenylyl- 

4"-n-propyl benzoate (B3B). 



10.5 10.6 10.7 
THERMO EMF (mV) 

F i g u r e  2 . 3  

T e m p e r a t u r e  v a r i a t i o n  o f  d i e l e c t r i c  c o n s t a n t  El ,  n e a r  t h e  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  f o r  ( a )  4-undecyloxy phenyl-4'-(4"-cyanobenzoyloxy) 

b e n z o a t e  (11OPCBOB) and  ( b )  4-cyanocyclohexyl-4'-ethyl c y c l o h e x a n e  (CCH2) 



8.2 8.3 8.4  

THERMO EMF (mV) 

Figure 2.4 

Temperature variation of dielectric constant El, near the nematic- 

isotropic transition for (a) 4-b ipheny ly l -4~1-n -nony loxybenzoa te  

(B90B) and ( b )  4'-n-penty1-4-cyano biphenyl ( 5 C B )  



THERMO EMF (mV) 

Figure 2.5 

Temperature variation of dielectric constant El, near the nematic-isotropic 

transition for (a) 4-n-hexyloxyphenyl 4'-cyanobenzoate (CN.0.6) and 



of t r ans i t i on  as measured  using t h e  Met t l e r  hot  s t a g e  (in " C )  aga ins t  

t h e  t h e r m o  emf  (in mV) at  t h e  t rans i t ion  as m e a s u r e d  by t h e  dielec-  

t r i c  s tudy  is shown in fig.2.6. The  d a t a  w e r e  f i t t e d  t o  a polynomial  

express ion  of t h e  type ,  

(where  T = t h e  t e m p e r a t u r e  in "C and X i s  t h e  t h e r m o  e m f  in mV.)  

Using a l inear  l ea s t  squa re  f i t  p rogramme,  t h e  va lues  ob ta ined  

for  t h e  c o n s t a n t s  A A l  and  A2 a r e  1.2216, 16.2543 a n d  -0.1246 0' 

respec t ive ly .  

2.5 Sample Alignment 

In gene ra l ,  a s t rong  magne t i c  f ield was  used  t o  o r i e n t  t h e  

sample .  A homogeneous o r  p lanar  a l ignment  (measu r ing  f ieid 
+ + + -f 

E l n )  g a v e  E while a homeo t rop ic  a l ignment  (E 11 n) g a v e  E~~ ( see  
i 

fig.2.7). S ince  i t  is well known t h a t  a l i gnmen t s  of liquid c rys t a l s  

a r e  s t rongly  inf luenced by su r f ace  condit ions,  t h e  g lass  p l a t e s  cons t i-  

tu t ing  t h e  e l ec t rodes  were  s e l e c t e d  a f t e r  c a r e f u l  s c ru t iny .  They 

w e r e  f i r s t  c l e a n e d  with a d e t e r g e n t  (Teepoi ,  BDH ~ t d . )  and t h e n  

with f resh ly  prepared  ch romic  acid.  Both homeo t rop ic  a n d  homo- 

geneous  a l ignmen t s  were  achieved by applying a m a g n e t i c  f ield 

of a b o u t  2.4 Tes la  which was m o r e  than  tw ice  t h e  s a t u r a t i o n  f ie ld  

for  t h e  th ickness  of t h e  sample  used (50-100 ~ r n ) . ~  T h e  m a g n e t  





Figure 2.7 

Schematic representation of (a) homogeneous and ( b )  homeotropic 

structures 



used w a s  BRUKER (\lode1 No. B-E25) wi th  t a p e r e d  cobal t- i ron  

pole-pieces. The  sample  a l ignmen t  in t h e  s m e c t i c  A phase  w a s  

ob ta ined  by slowly cooling t h e  well  aligned n e m a t i c  in t h e  p r e s e n c e  

of t h e  m a g n e t i c  field. In c a s e  of i so t ropic- smect ic  A t r ans i t i ons ,  

t h e  a l ignmen t s  w e r e  obta ined  by means  of s u r f a c t a n t s ,  o c t a d e c y l  

t r i e thoxy  s i l ane  and polymide Res in  (ZLI-2650) being used  f o r  homeo-  

t r o p i c  and  homogeneous a l ignmen t s  respect ively.  

2.6 MEASURING SET UP 

T h e  d i e l ec t r i c  cons t an t s  w e r e  measured  using a H e w l e t t -  

P a c k a r d  Impedance  Analyser (4192A). The funct ioning  of t h e  Impe- 

d a n c e  Analyser  is based on a n  autobalance  br idge  m e a s u r e m e n t  

c i rcu i t .  T h e  c a p a c i t a n c e  m e a s u r e m e n t  funct ion  of t h e  ana lyse r  

is based on vec tor- vol tage- current  ra t io  m e a s u r e m e n t  method.  

Even at  low osci l lator  vo l t age  levels ,  high prec is ion  c a p a c i t a n c e  

m e a s u r e m e n t s  could be c a r r i e d  o u t  ove r  a wide r ange  of f r equenc ie s ,  

viz., 5 H z -  13  MHz. C a p a c i t a n c e  measuring r ange  w a s  0.1 p F -  100 

m F  with a basic accu racy  of 0.1% over  t h e  e n t i r e  range.  A t  t h e  

lower  end  of i t s  f requency s p e c t r u m  (up t o  10 KHz),  t h e  va lue  

of t h e  s e t  f r equency  could b e  r e a d  t o  an  a c c u r a c y  of 1 m H z  while 

in t h e  r ange  of 10 MHz, t o  an  accu racy  of 1 Hz. T h e  osc i l la tor  

l eve l  could be  s e t  t o  a s  low a va lue  a s  5 mV rms.  

In o rde r  t o  minimize t h e  e f f e c t  of pa ra s i t i c  c a p a c i t a n c e  



on  t h e  measu red  values,  a su i tab le  method w a s  a d o p t e d  which basi- 

ca l ly  involves r ep resen t ing  al l  measu remen t  e r r o r s  a s  fou r  res idual  

p a r a m e t e r s  R,  X, G and  B in t h e  fashion (1)  R + J X  and  (2) G+JB. 

The  f o r m e r  w a s  c o r r e c t e d  by a " zero  shor t"  ope ra t ion  while  t h e  

l a t t e r  with " z e r o  open" opera t ion .  The  values t h u s  ob ta ined  in d i f f e-  

r e n t  f r equency  r anges  w e r e  s to red  in t h e  m e m o r y  of t h e  i m p e d a n c e  

analyser  in d i f f e r e n t  r eg i s t e r s  and could be r e c a l l e d  l a t e r .  T h e  

recal l ing of t h e  p a r a m e t e r s  enabled  a u t o m a t i c  lead c a p a c i t a n c e  

co r rec t ion  during t h e  measu remen t s .  

Most of t h e  work descr ibed  in th is  t hes i s  ( C h a p t e r s  111, IV ,  

V I  and  VII) w e r e  c a r r i e d  o u t  by col lec t ing  t h e  d a t a  manually. How- 

e v e r  in o rde r  t o  improve  t h e  quali ty of t h e  d a t a  and t o  p e r f o r m  

speedier  and a u t o m a t i c  measu remen t s  in r ea l  t ime ,  a personal  

c o m p u t e r  (Hewle t t- Packa rd  86B) was  used  for  t h e  m e a s u r e m e n t s  

descr ibed  in c h a p t e r  V. S c h e m a t i c  d i ag ram of t h e  e x p e r i m e n t a l  

s e t  up used fo r  t h e s e  s tud ie s  is shown in Fig.2.8. The  d i ag ram is 

self- explanatory.  The  d a t a  acqui red  was s t o r e d  on f loppy d i s k e t t e s  

fo r  analysis  which could be c a r r i e d  out  la te r .  A display mon i to r  

and  a n  on-line p l o t t e r  provided t h e  graphics  o u t p u t  as and  when  

t h e  informat ion  w a s  being col lec ted .  

2.7 MEASUREMENT OF DIELECTRIC CONSTANTS 

The t e m p e r a t u r e  dependence  of ll and  € was i n v e s t i g a t e d  L 
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at 1 K H z ,  th i s  f r equency  being chosen s i n c e  i t  is m u c h  below 

t h e  f r equenc ie s  of absorpt ion  domains  and  h igher  t h a n  t h e  f r equen-  

c i e s  at which t h e  conduct iv i ty  mechanism b e c o m e s  dominant .  As  

ment ioned ea r l i e r ,  a slow and uniform r a t e  of hea t ing /coo l ing  

(-4-5"C/hr.) w a s  mainta ined  during t h e  m e a s u r e m e n t .  T h e  osc i l l a to r  

leve l  of t h e  measur ing  vo l t age  across  t h e  s a m p l e  w a s  kep t  v e r y  

low ( 300 mV) so  t h a t  t h e r e  was  no d is turb ing  in f luence  on  t h e  

sample.  The  va lue  of t h e  d i e l ec t r i c  cons t an t  in t h e  i so t rop ic  p h a s e  

obta ined  independently f r o m  t h e  two  g e o m e t r i e s  m a t c h e d  t o  within 1%. 

2.8 MEASUREMENT OF THE DIELECTRIC RELAXATION OF E I I 

It is well known t h a t  t h e  d i e l ec t r i c  c o n s t a n t s  of liquid c r y s t a l s  

a r e  f requency dependent.9 While € 1  exh ib i t s  a r e l axa t ion  in t h e  

mic rowave  region  only, 11 shows a r e l axa t ion  in t h e  low f r e q u e n c y  

region also. T h e  low f r equency  re laxat ion  mechan i sm c a n  be  a t t r i -  

bu ted  t o  t h e  r eo r i en ta t ion  mot ion  of t h e  molecu le s  a round  a n  ax i s  

perpendicular  t o  the i r  longitudinal axis. 

T h e  low f requency dispersion of 11 w a s  m e a s u r e d  using 

t h e  s e t  up desc r ibed  ear l ie r .  At  any t e m p e r a t u r e  ( m a i n t a i n e d  con- 
I I 1  I 

s t a n t  t o  within + 2 5 m K )  t h e  va lues  Ell a n d  E ( =  E xD.  D being  

d i e l ec t r i c  loss f ac to r )  w e r e  de t e rmined  a s  func t ion  of f requency.  
I I 

E versus  f r equency  c u r v e  (known a s  loss cu rve )  gave  t h e  f r e q u e n c y  

o f  re laxa t ion  f R  ( t h e  f r equency  corresponding t o  t h e  E" I I m a x  
): 
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A - plo t ,  known as t h e  Cole-Cole p lo t  a l so  g i v e s  f R  v a l u e  

and  ind ica t e s  t h e  n a t u r e  of t h e  relaxat ion.  A s e m i c i r c l e  p lo t  
I 

with  c e n t r e  lying on t h e  
E I 1 ax i s  denotes  a s ingle  r e l a x a t i o n  t i m e  

while any  devia t ion  ind ica t e s  a distr ibut ion of r e l a x a t i o n  t imes .  

In al l  t h e  expe r imen t s  desc r ibed  in this  thesis ,  t h e  v a l u e  of f R 

ob ta ined  f r o m  t h e  Cole-Cole p lo t  ag reed  with t h a t  d e t e r m i n e d  

f r o m  t h e  loss c u r v e  t o  b e t t e r  t h a n  2%. In any  case t h e  a v e r a g e  

value of  f R  (de t e rmined  f r o m  t h e s e  t w o  types  of p lo t s )  w a s  used  

for  t h e  eva lua t ion  of W, t h e  ac t iva t ion  ene rgy  which c a n  be  asso- 

c i a t e d  with t h e  r eo r i en ta t ion  of t h e  molecule a b o u t  i t s  s h o r t  axis .  

The  s e t  up descr ibed  so  f a r  has been used t o  s t u d y  t h e  d ie lec-  

t r i c  p rope r t i e s  of a va r i e ty  of liquid c rys t a l l i ne  ma te r i a l s .  T h e  

resul t s  of t h e s e  inves t iga t ions  will be discussed in t h e  fo l lowing 

chapters .  
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