
C H A P T E R  V I  

DIELECTRIC STUDY OF MATERIALS EXHIBITING 

CRYSTAL B AND HEXATIC B PHASES 

6.1 INTRODUCTION 

T h e  s m e c t i c  B liquid crys ta l l ine  phase is a !ayered phase  

with molecules  o r i e n t e d  perpendicular  t o  t h e  layer  p lanes  a n d  

o rde red  hexagonally within e a c h  layer. R e c e n t  high resolution X r a y  

s tudies1  have  d e m o n s t r a t e d  t h a t  th is  hexagonal  o rde r  in t h e  liquid 

c rys t a l  n-(4-n-butyloxybenzylidene)-4-n-octylaniline (40.8), a pro to-  

type  ma te r i a l  exhibi t ing B phase,  involves posi t ional  co r r e l a t ions  

which a r e  t h r e e  d imensional  (3D) and long- range .  It w a s  o b s e r v e d  

t h a t  in this  m a t e r i a l  t h e  in- p lana r  ordering e x t e n d e d  ove r  a t  l e a s t  

14000 and l imi t ed  by t h e  resolut ion of t h e  set up.' This  s m e c t i c  

B phase is t h e r e f o r e  now r e f e r r e d  t o  as c rys t a l l i ne  B phase. We 

shall be  abbrevia t ing  th i s  as B in th is  c h a p t e r .  This B p h a s e  
c r  yst 

suppor ts  a shea r  both within and  be tween i t s  l aye r s  and m e l t s  when 

h e a t e d  in to  t h e  s m e c t i c  A phase-  a phase t h a t  is fluid wi th  r e g a r d  

t o  t h e  in-plane ordering.  Although many of t h e  observed  B phases  

appea red  t o  be B phases,  L e a d b e t t e r  e t  a1.* a rgued  t h a t  s o m e  
c r y s t  

, m a t e r i a l s  exhibi t ing B phases  appea red  t o  lack  in t e r l aye r  c o r r e l a -  

tions. 



Halperin and    el son^ f i r s t  proposed t h e  possibility of bond-  

or ienta t ional  order ing  in the i r  t r e a t m e n t  of two-dimensional  (2D) 

melt ing.  They found t h a t  a 2D phase having a lgebra ica l ly  d e c a y i n g  

bond-orientat ional  o r d e r  (a hexa t i c  phase) could ex i s t  b e t w e e n  t h e  

2D solid and liquid phases  if 2D melt ing was  a d is loca t ion- media ted  

second order  phase  t rans i t ion .  Subsequently,  Bi rgeneau a n d  L i t s t e r  4 

sugges ted  t h e  e x i s t e n c e  of a 3D liquid c r y s t a l  phase cons i s t i ng  

of 2D hexa t i c  l aye r s  which i n t e r a c t  t o  produce  long- range, 3D bond-  

5 or ienta t ional  order .  X r a y  s tud ie s  per formed by Pindak et al. o n  

f r ee- standing f i lms  of n-hexyl-4'-pentyloxybiphenyl-4-carboxylate 

(650BC) led t o  t h e  d iscovery  of such a B phase  having sho r t- range  

in-plane posi t ional  co r r e l a t ions  but  long- range, t h r e e  d imensional ,  

sixfold bond-orientat ional  order .  This new phase  is now g e n e r a l l y  

r e f e r r e d  t o  as h e x a t i c  B phase (Bhex). S ince  t h e  discovery of t h i s  

phase in 6 5 0 B C ,  seve ra l  o t h e r  ma te r i a l s  have  been syn thes i sed  

which a r e  known t o  exh ib i t  s rnec t ic  A- B phase  t rans i t ion ,  o n e  
hex 

of t h e m  being n-butyl-4'-hexyloxybiphenyl-4-carboxylate ( 4 6 0 B C ) .  

Extensive high resolut ion h e a t  capac i ty  m e a s u r e m e n t s  6-1 w e r e  

ca r r i ed  o u t  n e a r  A- B  t rans i t ion  of various mater ia l s .  It  h a s  
hex  

been  observed t h a t  t h e  c r i t i ca l  exponent  cr cha rac t e r i s ing  h e a t -  

capac i ty  anomaly  of A-B t rans i t ion  is found t o  b e  l a rge  and  d o e s  n o t  
hex  

vary  sys t ema t i ca l ly  wi th  t h e  range  of t h e  s m e c t i c  A phase. It  w a s  

found t h a t  t h e  va lue  of a i s  in t h e  range  of 0.5 - 0.6 for  a l l  subs t ances .  

T h e r e  have a l so  been  s e v e r a l  o t h e r  expe r imen ta l  as well as t h e o r e t i -  



c a l  s tudies  of A - B  t rans i t ions ,  e.g., t h e  m e a s u r e m e n t s  of b i ref r in-  
hex 

1 2  
gence ,  shea r  mechanica l  propert ies ,13 density1' and  t h e  analys is  

of t h e  theo re t i ca l  model15 based  on coupling be tween  bond-orienta-  

t ional  o rde r  and  herr ing bone order .  

We saw in c h a p t e r  111 t h a t  t h e  d i e l ec t r i c  behaviour of polar  

A ma te r i a l s  is inf luenced by s t ruc tu ra l  changes  ( a s  s een  in X r a y  

d i f f rac t ion  expe r imen t s  16'17) occu r r ing  in t h e  sys t em.  I t  i s  t h e r e f o r e  

of i n t e r e s t  t o  m a k e  de t a i l ed  d i e l ec t r i c  s tudies  of ma te r i a l s  exhib i t ing  

t w o  types  of A-B transi t ions,  viz., 
A-Bcrys t  

a n d  A-Bhex in o r d e r  

t o  c o m p a r e  a n d  c o n t r a s t  the i r  d i e l ec t r i c  behaviour. With th i s  in 

view, w e  have  ca r r i ed  o u t  a de t a i l ed  d i e l ec t r i c  s tudy  of A - B  
c r  y s t  

t rans i t ion  in 40.8 and  A-Bhex t rans i t ions  in 6 5 0 B C  a n d  460BC.  

6.2 MATERIALS 

T h e  s t r u c t u r a l  f o r m u l a e  of t h e  ma te r i a l s  a r e  shown in 

Fig.6.1 and t h e  sequences  and t e m p e r a t u r e s  of t rans i t ions  a r e  g iven  

in Tab le  6.1. All t h e  t rans i t ions  w e r e  ident i f ied  by op t i ca l  mic ro-  

scopy. T h e  A-Bcryst t r ans i t i on  w a s  ident i f ied  f r o m  t h e  t r a n s i t i o n  

ba r s  s een  on f o c a l  conics  while t h e  s ignature  of t h e  B - A  t r ans i -  
hex  

t ion  was  t h e  wishbones texture.18 T h e  t rans i t ion  t e m p e r a t u r e s  a g r e e  

wi th  those  r epor t ed  in t h e  l i t e r a tu re . ly8  The d i e l ec t r i c  m e a s u r e m e n t s  

w e r e  c a r r i e d  o u t  using t h e  a p p a r a t u s  described ear l ie r .  A m o s t  

d i f f icu l t  a spec t  of t h e  e x p e r i m e n t  was  t o  obta in  pe r f ec t ly  a l i g n e d  

samples  in t h e  homeotropic  and homogeneous geometr ies .  A c o m b i n a -  



I 
n- hexyl-  4-  pentyloxybiphenyl- 4-carboxylate 

(650BC) 

n-butyL- 4'- hexyloxybiphenyl-4-carboxylate 

(460 BC) 

F i g u r e  6 . 1  

The s t r u c t u r a l  f o r m u l a e  and  t h e  a b b r e v i a t i o n s  u s e d  f o r  t h e  compounds 

s t u d i e d .  



TABLE 6.1 

The sequences and the temperatures of transitions of the 

compounds studied. (The temperatures a r e  in degree celsius) 

S. No. Compound Transition temperatures (in "C) 

78.9 62.8 48.2 
I - N - A - Crystal B 

83.6 66.9 60.2 
I - A - Hexatic B - E 

9 1.6 66.8 
I - A - Hexatic B 



t ion  of s i lane coat ing  (oc tadecyl  t r ie thoxy si lane)  and  2.4T m a g n e t i c  

f ield was  used for  obta in ing  homeotropical ly a l igned s m e c t i c  A 

phase  by slowly cooling f r o m  t h e  i so t ropic  phase  ( l°C/hr) .  T h e  

al igned A phase  was  t h e n  cooled  t o  B phase  at even  s lower  r a t e s  

t o  ensu re  t h a t  t h e  a l ignmen t  w a s  not  lost. The  homogeneous  align- 

m e n t  w a s  obta ined  with t h e  m a g n e t i c  field only. 

6.3 RESULTS AND DISCUSSION 

6.3.1. Static 

The  var ia t ion  of t h e  s t a t i c  d i e l ec t r i c  c o n s t a n t s  € 1 1  and 
E: in d i f f e ren t  phases of 40.8 i s  shown in t h e  f igu re  6.2. E i s  g r e a t e r  1 1 
t han  E l l  in al l  t h e  phases,  i.e., t h e  ma te r i a l  exhib i t s  nega t ive  d ie lec-  

t r i c  an iso t ropy A E  throughout .  S t a r t i ng  f r o m  t h e  n e m a t i c  phase,  

with d e c r e a s e  in t e m p e r a t u r e ,  '1 shows a n  i n c r e a s e  while  E a I I 
d ec rease .  A t  t h e  N-A t r ans i t i on  t h e  increasing t r e n d  of E c o n t i n u e s  L 
while I I  shows a s t i l l  s t e e p e r  variat ion.  T h e  var ia t ion  of E in  I I  
t h e  A phase is g r e a t e r  t h a n  t h a t  in t h e  n e m a t i c  phase whi le  t h a t  

of €1 in A and N phases  i s  essent ia l ly  continuous.  A t  t h e  A-Bcryst 

t rans i t ion ,  E i nc reases  while  E d e c r e a s e s  and f inal ly in t h e  B L II c r  y s t  
phase  both E and  show a sl ight  i nc rease  wi th  d e c r e a s e  in t e m p e r a -  1 1  
tu re .  T h e  t e m p e r a t u r e  var ia t ion  of Ac is shown in t h e  Fig. 6.3a. 

It is c l e a r  t h a t  t h e r e  is a sudden jump in A €  at t h e  A- B t r ans i -  
c r y s t  

t ion while t h e r e  is only a smoo th  change  of s lope  a t  t h e  A-N t rans i t ion .  





F i g u r e  6 . 3  

The t e m p e r a t u r e  v a r i a t i o n  o f  t h e  d i e l e c t r i c  a n i s o t r o p y  AE of 

(a) 40.8, ( b )  650BC and ( c )  460BC. 



T h e  t e m p e r a t u r e  var ia t ion  of s t a t i c  d i e l e c t r i c  c o n s t a n t s  of 

6 5 0 B C  and 4 6 0 B C  a r e  shown in Figs. 6.4 a n d  6.5 respect ively.  

S ince  both t h e s e  m a t e r i a l s  d o  no t  show t h e  n e m a t i c  (N) phase,  

i t  w a s  necessary  t o  cool  t h e  s a m p l e  f rom i so t rop ic  phase  v e r y  slowly 

in  t h e  presence  of t h e  m a g n e t i c  f ie ld  in o rde r  t o  obta in  t h e  a l igned  

A phase.  The t r e n d s  of t e m p e r a t u r e  var ia t ion  of and  E of 6 5 0 B C  71 1 
a r e  essent ia l ly  s imilar  t o  t h o s e  of 460BC. In t h e  A phase,  E shows  

1 
a n  increasing t r end  wi th  d e c r e a s e  in t e m p e r a t u r e  while  II 
a decrease .  A t  t h e  A-Bhex t rans i t ion ,  E i nc reases  s l ight ly whi le  

1 
II decreases .  The  t e m p e r a t u r e  var ia t ion  of A &  f o r  t h e  t w o  m a t e r i a l s  

is shown in Fig.6.3b &c .  It i s  i n t e re s t ing  t o  n o t e  t h a t  in a l l  t h e  

t h r e e  cases t h e r e  is a n  i n c r e a s e  in A &  a t  t h e  A- B  t rans i t ion  r ega rd-  

less  of whether  B phase  i s  c rys t a l l i ne  o r  hexat ic .  It  i s  also in t e re s t-  

ing t o  n o t e  t h a t  '1 shows a n  increase  on going f r o m  A t o  Bhex 

Or Bc rys t  phase  which c a n  be  in t e rp re t ed  a s  a n  i n c r e a s e  in t h e  

h indrance  t o  t h e  molecular  r o t a t i o n  in t h e  m o r e  o r d e r e d  B phase .  

We shall  discuss t h i s  a s p e c t  in g r e a t e r  de t a i l  while  discussing disper-  

sion resul ts .  

Be fo re  presenting t h e  dispersion resul ts ,  w e  shal l  f i r s t  d iscuss  

h e r e  t h e  s t a t e  of knowledge on  t h e  Xray s tud ie s  of A-Bcryst  in 

40.8 and  A-Bhex t r ans i t i on  in 6 5 0 B C  and  460BC.  This  i n fo rma t ion  

i s  r e l evan t  t o  c o r r e l a t e  t h e  d i e l e c t r i c  behaviour wi th  t h e  s t r u c t u r a l  

d i f fe rences .  

The A - Bcrys t  t r ans i t i on  in 40.8 has  been  extens ive ly  s tud ied  
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Figure 6.4 

Variation of c II and &l with temperature in the different phases 
of 650BC. 





using high resolut ion X r a y  t echn ique  by Pe r shan  et a1.l Two impor-  

t a n t  resu l t s  ar is ing f r o m  t h e  invest igat ions are:  (1) t h e  in-planar  

co r re l a t ion  length  in B 
c r y s t  phase  is very l a rge-  g r e a t e r  t h a n  14000 

0 

A (resolut ion l imi ted)  a n d  (ii) A - 6  
c rys t  t r ans i t i on  is c l ea r ly  f i r s t  

o rde r  with a smal l  co- exis tence  region which is c h a r a c t e r i s e d  by  

t h e  ex i s t ence  of t h e  dens i ty  modulat ions cor responding  t o  bo th  

t h e  P. and E? phases  a l though d i f f e rence  be tween  t h e m  w a s  c r y s t  

only abou t  1.3%. Fig.6.6 shows t h e  Xray d i f f r ac t ion  s c a n  showing 

c lear ly  co-existing dens i ty  modulat ions in t h e  two  phase  region  

A - B c r y s t  t rans i t ion .  As ment ioned ear l ie r  Xray  s tudies  on  A- B  hex 
5 t rans i t ion  in 6 5 0 B C  h a v e  been  conducted  by Pindak et al .  using 

free- standing f i lm. They obse rved  t h a t  in t h e  vicini ty of A-Bhex 

t rans i t ion ,  t h e r e  is a rapid  i n c r e a s e  in 6 i.e., in-plane posi t ional  II ' 
0 

cor re l a t ion  length measu red  a long  t h e  d i r ec to r ,  f r o m  a b o u t  20  A 
0 

in A phase  t o  6 0  A in  Bhex phase.  However  5 did no t  d ive rge  II 
at t h e  phase  t rans i t ion  ( s e e  Fig.6.7). Pindak et al.  concluded t h a t  

t h e  posi t ional  order ing  i s  no t  a r e l evan t  o rde r  p a r a m e t e r  fo r  A-Bhex 

transi t ion.  The  i m p o r t a n t  resu l t  f r o m  t h e  expe r imen t s  of P indak 

et  i s  t h e  observa t ion  of Xray  sca t t e r ing  d u e  t o  hexagonal  bond- 

or ien ta t ional  co r r e l a t ions  which a r e  t h r e e  dimensionally ordered .  

T h e  high resolu t ion  h e a t  capac i ty  m e a s u r e m e n t s  6-97 c a r r i e d  

o u t  on 6 5 0 B C  a s  well as 4 6 0 B C  showed t h a t  A-Bhex t r a n s i t i o n s  

in both cases  a r e  second o rde r  wi th  c r i t i c a l  exponents  of a b o u t  



Figure 6 . 6  

( 0 , 0 , 1  - q /K ) scans a t  temperatures  T = 4 9 . 3 O C  (srnectic A phase)  ( + ) ,  
Z A 

T = 48.g°C (coexis tence  r e g i o n ) A ,  and T = 4 8 . 7 O C  ( s o l i d  B phase)  o 

(Ref.  1 ) .  



TEMPERATURE (oC) 

Figure 6.7 

Temperature dependence of the in-plane positional corre- 

lation length 6 (Ref. 5). I I 



0.6 and  0.49 respec t ive ly .  The  origin of t h i s  l a r g e  c r i t i c a l  exponen t  

h a s  not  y e t  been  understood and i t  is also no t  c l e a r  t o  which univer-  

sa l i ty  c l a s s  t h e  A-Bhex t r ans i t i on  should belong. The  a c c u r a t e  

layer  spacing m e a s u r e m e n t s  have  been  conduc ted  by G e e t h a  Nair  19 

nea r  A- B  t r ans i t i on  of 6 5 0 B C  and  460BC. These  d a t a  a r e  g iven  
hex  

in F igu res  6.8 a n d  6.9. T h e  f e a t u r e  of t h e  resu l t  w a s  t h a t  no ab rup t  

jump in t h e  l aye r  spac ing  was  observed nea r  A- B  hex t r ans i t i on  

in e i t h e r  of t h e  t w o  cases. Also n o  broadening of d i f f r ac t ion  m a x i m a  

was  s e e n  e i t h e r  a t  t h e  A- B  h e x  t rans i t ion  in 6 5 0 B C  o r  460BC.  

This c a n  be  compared  wi th  t h e  d a t a  on 40.8 ( s e e  Fig.6.10) where in  

a smal l  jump in d was s e e n  at t h e  A- B  t rans i t ion  a c c o m p a n i e d  c r y s t  

by a broadening of t h e  d i f f r ac t ion  peak d u e  t o  t h e  co- ex i s t ence  

of t h e  densi ty modula t ions  of t h e  A and Bcryst phases. I t  is i n t e re s -  

t ing  t h a t  a l though t h e  changes  in  t h e  in-plane posi t ional  o rde r ing  

accompanying  t h e  A - B and A - Bhex t r ans i t i ons  a r e  d ra s t i ca l ly  c r y s t  

t h e r e  is hardly any  signif icant  d i f f e rence  in t h e  var ia-  

t ion  of layer  spacing d a t  t h e  t w o  transi t ions.  With t h e s e  r e su l t s  

in t h e  background,  w e  shal l  desc r ibe  t h e  dispersion resul ts .  

6.3.2. Dispersion 

T h e  f r equency  of r e l axa t ion  of (f ) h a s  been  measu red  € 1 1  R 
in A a n d  B phases  of a l l  t h e  t h r e e  compounds. Specia l  c a r e  w a s  

t aken  t o  acqu i r e  d a t a  at c lose  in terva ls  of t e m p e r a t u r e  (-250 mK)  

in t h e  neighbourhood of t h e  t r ans i t i on  in o rde r  t o  s e e  if t h e  f i r s t  









orde r  A -Bcryst t rans i t ion  and t h e  second o rde r  A- B hex  t r ans i t i on  

show any  d i f f e rences  in t h e  d i e l e c t r i c  dispersion. T h e  t y p i c a l  loss 

cu rves  of 40 .8  in  A and B phases as well as in co- ex i s t ence  
c r y s t  

region a r e  shown in t h e  F igu re  6.11. I t  is in t e re s t ing  to  see t h a t  

t h e  loss cu rves  have sha rp  m a x i m a  in both  A and B phases  c r y s t  

while in t h e  co- exis tence  region they  a r e  broad wi th  a wid th  of 

nearly double t h e  width of t h e  c u r v e s  in A o r  Bcryst phase .  This  

e f f e c t  is s imi lar  t o  broadening of Xray d i f f rac t ion  peak  in  t h e  

t w o  phase  region due  t o  t h e  co- exis tence  of t w o  dens i ty  modu la t ions  

which was  c o m m e n t e d  on ear l ie r .  Thus i t  i s  i n t e re s t ing  t o  n o t e  

t h a t  t h e  d i e l ec t r i c  dispersion could be a tool  t o  probe  t h e  o r d e r  

of t h e  t rans i t ion  provided, of course ,  t h e  re laxa t ion  f r e q u e n c i e s  

in t h e  t w o  phases  a r e  q u i t e  d i f f e ren t .  We shall discuss t h i s  a s p e c t  

of t h e  problem la ter .  The  r ep resen ta t ive  loss cu rves  in A a n d  B hex  

phases f o r  6 5 0 B C  and 4 6 0 B C  a r e  shown in Figures  6.12 a n d  6.13. 

It i s  s e e n  t h a t  t hese  c u r v e s  a r e  sha rp  and no t  broadened f o r  a n y  

t e m p e r a t u r e  in A o r  B phase  of both  6 5 0 B C  a n d  460BC.  
hex 

F igu res  6.14-6.16 show Cole- Cole  p lo ts  fo r  a se r i e s  of t e m p e -  

r a t u r e s  nea r  t h e  A- B  t rans i t ion  f o r  40.8, 6 5 0 B C  a n d  4 6 0 B C  re spec-  

tively. T h e  va lues  of fR o b t a i n e d  f rom loss cu rves  a n d  Cole- Cole  

. plots f o r  t h e  t h r e e  compounds a r e  l i s ted  in Tables  6.2-6.4. I t  is 

c l e a r  t h a t  in 40.8 t h e  C o l e - C o l e  plot  is a p e r f e c t  s e m i c i r c l e  in 

t h e  A (Fig.6.14a) and Bcryst (Fig. 6.14e) phases, s ignifying a s ingle  
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F i g u r e  6 .14  

Cole- Cole  p l o t s  a t  d i f f e r e n t  t e m p e r a t u r e s  i n  t h e  v i c i n i t y  

o f  t h e  B 
c r y s t  - A  t r a n s i t i o i n  i n  4 0 . 8 .  ( a )  A p h a s e ,  51.5OC, 

( b ) - ( d )  two p h a s e  r e g i o n ,  4 8 . 3 ,  4 8 . 1 ,  47 .g°C  r e s p e c t i v e l y ,  

( e )  B c r y s t  p h a s e ,  44.3OC. 
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F i g u r e  6 .16  

Cole- Cole  p l o t s  a t  d i f f e r e n t  t e m p e r a t u r e s  i n  t h e  v i c i n i t y  o f  t h e  

Bhex - A  t r a n s i t i o n  i n  460BC. ( a )  A p h a s e ,  71°C,  ( b )  A p h a s e ,  67.8OC, 

( c ) - ( e l  Bhex p h a s e ,  6 6 . 6 ,  6 5 . 8  and  62.g°C r e s p e c t i v e l y .  



TABLE 6.2 

Frequency of relaxation f as a function of temperature in  the 
R 

smectic A, two phase region and smectic B phases of 40.8. cr yst 

S.No. Temperature Frequency of relaxation (in AtIHz) 
("C) From loss curve From Cole-Cole Mean f R  

S m e c t  i c  A 

1.1 
1.05 
0.840 
0.700 
0.520 
0.480 
0.460 
0.450 
0.430 
0.415 
0.410 
0.400 
0.385 
0.375 
0.365 
0.350 
0.340 
0.330 
0.3 15 
0.308 

T w o  P h a s e  R e e i o n  

B 
c r y s t  

P h a s e  
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TABLE 6.3 

Frequency of relaxation (f ) as a function of temperature in the R 
smectic A,  Bhex phases of 650BC 

S.No. Temperature Frequency of relaxation ( in  MHz) 
( "C)  

Mean f 
From loss curve From Cole-Cole R 

S m e c t  i c A 

' h e x  P h a s e  
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TABLE 6.4 

Frequency of relaxation (f ) as  a function of temperature in the 
R 

smectic A, Bhex phases of 460BC 

S.No. Temperature Frequency of relaxation (in MHz) 
("C) From loss curve From Cole-Cole Mean f R  

S m e c t  i c  A 

0.490 
0.353 
0.320 
0.260 
0.235 
0.180 
0.155 
0.132 
0.107 
0.098 
0.093 
0.086 
0.082 
0.080 
0.078 
0.075 
0.072 
0.0675 
0.064 
0.0605 
0.0570 
0.0540 
0.0500 
0.048 
0.04 10 
0.03 10 

' h e x  P h a s e  



re laxa t ion  process. However ,  in t h e  t w o  phase  region  t h e  p lo t  i s  

n o t  a p e r f e c t  s emic i r c l e  ( see  Fig.6.14b-d), t h e  d i s to r t i on  being 

max imum in t h e  middle of t h e  co- exis tence  region. This  i s  d u e  

t o  t h e  superposi t ion of t w o  re laxat ion  f r equenc ie s  cor responding  

t o  t h e  A and B regions. This  e f f e c t  i s  s imi lar  t o  t h e  ave rag ing  

of t h e  layer  spacing in t h e  t w o  phase region men t ioned  ear l ie r .  

On t h e  o the r  hand i t  w a s  found t h a t  fo r  both  650BC a n d  460BC,  

t h e  Cole- Cole  plot  was  a p e r f e c t  s emic i r c l e  f o r  a l l  t empera tu re s .  

Represen ta t ive  Cole-Cole plots  fo r  6 5 0 B C  a n d  4 6 0 B C  (shown in 

F igu res  6.15 a n d  6.16) c l ea r ly  i l l u s t r a t e  this.  Thus  a c a r e f u l  s c ru t iny  

of t h e  Cole-Cole plots  at t e m p e r a t u r e s  in t h e  c lose  vicini ty of 

t h e  t rans i t ion  shows t h e  d i f f e r e n c e  be tween t h e  f i r s t  o r d e r  A- B  c r y  st 

and  t h e  second o rde r  A - Bhex transi t ions.  

f R  VS. l / T  plots  in t h e  A a n d  B phases  of t h e  t h r e e  compounds  

a r e  shown in Figures 6.17 - 6.19. T h e  a c t i v a t i o n  e n e r g i e s  ( W )  i n  

t h e  A and B phases,  e v a l u a t e d  f r o m  t h e  l inear  por t ions  of t h e  plots  

a r e  l i s ted  in t h e  t ab l e  6.5. Severa l  i n t e re s t ing  f e a t u r e s  a r e  c l e a r  

f r o m  t h e s e  diagrams;  (i) T h e r e  i s  a d ra s t i c  d e c r e a s e  in f (by a b o u t  R 

a . f a c t o r  of four)  on going ove r  f r o m  t h e  A t o  t h e  B phase  in al l  

t h e  t h r e e  compounds. (ii) For  40.8 t h e  va r i a t ion  of f R  i s  l inear  

in t h e  A and Bcryst phases  a lmos t  up t o  t h e  t r ans i t i on  t e m p e r a t u r e  

(Fig.6.17). In t h e  case of 6 5 0 B C  and 460BC,  f R  shows  m a r k e d  

pre- transi t ional  var ia t ions  in both A and Bhex phases,  t h e  e f f e c t  
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F i g u r e  6 .18  

P l o t  of  fR  v e r s u s  1/T i n  t h e  A a n d  Bhex p n a s e s  of  650BC. 



F i g u r e  6 .19  

P l o t  of fR v e r s u s  1/T i n  t h e  A and  Bhex p h a s e s  o f  460BC 



TABLE 6.5 

Act iva t ion  ene rgy  (W) in t h e  s rnec t i c  A a n d  B phases  of 

40.8, 650BC and 460BC 

S.No. Compound Act iva t ion  e n e r g y  (in eV) 

Srnec t ic  A 

0.85 

Srnect ic  A 

1.09 

Srnect ic  A 

1.13 

S rnec t i c  B C r y s t  

0.66 

S rnec t i c  Bhex 

2.05 

S rnec t i c  Bhex 

2.0 1 



being m o r e  pronounced in t h e  B phases  (F igures  6.18 & 6.19). 
hex 

(iii) t h e  va lue  of W in t h e  B 
c r y s t  phase of 40.8 i s  l e s s  t h a n  t h a t  

in t h e  A phase  whereas  in t h e  case of both  6 5 0 B C  a n d  4 6 0 B C  

W~ > WA* ( H e r e  W i s  t a k e n  for  t e m p e r a t u r e s  f a r t h e s t  f r o m  
hex Bhex 

A - Bhex t r ans i t i on  tempera ture) .  

T h e r e  a r e  s o m e  ea r l i e r  r epo r t s  20-23 on  t h e  d i e l e c t r i c  re laxa-  

t ion  s tud ie s  of compounds exhibi t ing t h e  B phase. In a l l  t h e s e  cases 

a jump in f at  t h e  A- B  t rans i t ion  has  been  observed.  This  h a s  R 

been  a t t r i b u t e d  t o  t h r e e  f a c t o r s ,  viz., (1) t h e  inc reased  two- dimen-  

sional order ing  of t h e  c e n t r e s  of molecules  within t h e  s m e c t i c  

B l aye r s  leading t o  a g r e a t e r  hindrance t o  t h e  r eo r i en ta t ion  of 

t h e  long molecular  ax i s  c o m p a r e d  t o  t h e  A phase,  20'21 (2) t h e  

f i r s t  o r d e r  n a t u r e  of t h e  A-B transi t ion,22 a n d  (3) t h e  a p p e a r a n c e  

of a co l l ec t ive  l ibrat ion in t h e  two-dimensional hexagonal  layer .  2 1 

We now know f r o m  high resolut ion Xray  s c a t t e r i n g  s t u d i e s l y 5  t h a t  

in-plane posi t ional  order ing  of t h e  molecules in t h e  l a y e r  is widely 

d i f f e ren t  fo r  t h e  Bcryst and  Bhex phases. As men t ioned  e a r l i e r ,  

w e  a l so  know f r o m  high resolut ion a c  c a l o r i m e t r i c  s tudies8  t h a t  

the A - B c r y s t  
t r ans i t i on  in 40.8 i s  f i r s t  o rde r  while  t h e  A - B  hex 

t rans i t ion  in 6 5 0 B C  a n d  4 6 0 B C  is second order .  D e s p i t e  t h e s e  

d i f ferences ,  a jump in f of a b o u t  t h e  s a m e  magn i tude  is s e e n  R 

by us fo r  both  A-Bcryst a n d  A-Bhex transi t ions.  This  could  perhaps  

be  d u e  t o  t h e  ex i s t ence  of long- range bond- or ienta t ional  o rde r  



in  both Bcryst a n d  Bhex phases,  this  being a b s e n t  in t h e  A phase.  

In conclusion ou r  s tud ie s  show t h a t  a l t hough  essent ia l ly  t h e  

s a m e  behaviour in A r a n d  f i s  s e e n  at both t h e  A-Bcryst R a n d  A-Bhex 

t r ans i t i ons  t h e  ac t iva t ion  e n e r g y  in the  B 
c r y s t  phase  i s  less  t h a n  

t h a t  in t h e  A phase  while  t h e  opposi te  i s  t h e  case f o r  t h e  Bhex 

phase. The  e x a c t  co r r e l a t ion  be tween t h e  s t r u c t u r a l  d i f f e r e n c e s  

Of the 'cryst and  Bhex phases  and  t h e  d i f f e r e n c e s  in t he i r  d ie lec-  

t r i c  behaviour is s t i l l  a n  open  question. 
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