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DIELECTRIC STUDIES ON MATERIALS EXHIBITING 

SMECTIC A-SMECTIC A TRANSITIONS 

5.1 INTRODUCTION 

I t  is now well known t h a t  ma te r i a l s  wi th  s t rongly  polar  c y a n o  

o r  n i t r o  end groups exhib i t  t h e  r e e n t r a n t  n e m a t i c  phase  as well  

a s  s rnec t ic  A polyrnorphisrn.1-4 The  f i r s t  s r n e c t i c  A- s rnec t i c  A 

(A-A) t rans i t ion  was  obse rved  by Sigaud et a ~ . ~  S ince  t h e n  a number  

of  expe r imen ta l  ~ t u d i e s $ ' ~ - ~  have  been c o n d u c t e d  which h a v e  led  

t o  t h e  observat ion of t h e  fol lowing types  of A phases ,  viz., rnonolayer  

( A l )  phase, t h e  bi layer  (A2) phase,  t h e  par t ia l ly  b i layer  (A ) phase ,  
d 

t h e  an t iphase  (K) ,  t h e  c r e n e l l a t e d  phase (Acre) a n d  t h e  incornrnen- 

s u r a t e  (Aic) phase. These  d i f f e ren t  A phases  h a v e  been  unarnbi- 

guously cha rac t e r i s ed  on t h e  basis of Xray  d i f f r ac t ion  p a t t e r n s  

exh ib i t ed  by monodomain samples  (Fig.5.1). 

I t  i s  s een  t h a t  f o r  t h e  polar A t h e r e  i s  a d i f f r ac t ion  s p o t  
I 

(shown as full c i r c l e  in Fig.5.1) a t  a w a v e v e c t o r  cor responding  

t o  2q0=2n/!L,  where  2 is t h e  length of t h e  molecule .  In add i t i on  

t o  th is  rnonolayer periodici ty genera l ly  a d i f fuse  s c a t t e r i n g  c e n t r e d  

around wavevec to r  q' ( = 2 ~ 1 /  !L1, where  11 < R' < 2R) i s  a l so  seen.  T h e  
I) 

c h a r a c t e r i s t i c  p a t t e r n  of t h e  A2 phase is t h e  e x i s t e n c e  of t w o  

condensed  spots  at q a n d  2q0 corresponding to 2R and R r e spec -  
0 
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F i g u r e  5.1 

Xray d i f f r a c t i o n  p a t t e r n  i n  d i f f e r e n t  s m e c t i c  A p h a s e s .  

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

i n d i c a t e s  a d i f f u s e  s p o t  ( s e e  t e x t ) .  



t ively.  T h e  par t ia l ly  b i layer  A phase  exhibi ts  t w o  condensed  r e f l ec -  
d 

t ions  a t  q'  and 2q' and  in addit ion a diffuse monolayer  modu la t ion  0 0 

(2q ). It  may  a l so  be  men t ioned  t h a t  t h e  in tens i ty  of s e c o n d  ha rmo-  0 

n i c  in re la t ion  t o  t h e  in t ens i ty  of t h e  main r e f l ec t ion  is m u c h  s m a l l e r  

in t h e  case of A phase  t h a n  in A2 phase. p h a s e  has  a condensed  d 

s p o t  at 2q0 in addi t ion  to t w o  d i f f rac t ion  spo t s  which a r e  sp l i t  

c u t  of t h e  Z ax i s  in a d i r ec t ion  perpendicular  t o  it .  T h e s e  s p o t s  

a r e  symmet r i ca l ly  s i t u a t e d  abou t  t h e  q position. A s h o w s  a n  0 c r e  

essent ia l ly  a s imi lar  d i f f r ac t ion  p a t t e r n  e x c e p t  t h a t  i t  h a s  d i f f e r e n t  

symmet ry .  Fu r the r  i t  shows a n  addit ional  condensed  s p o t  at 

qO. In t h e  c a s e  of A. phase  t h r e e  condensed r e f l ec t ions  a r e  s e e n  
IC 

at qO, qb and 2q0. 

Before  discussing t h e  r e su l t s  of ou r  d i e l e c t r i c  s tud ie s ,  w e  

sha l l  br ief ly s u m m a r i s e  t h e  state of a r t  concerning  t h e  o r d e r  of 

t h e  t rans i t ion  be tween  t w o  polymorphic A phases. T h e  s m e c t i c  

A polymorphism has  been  successfu l ly  explained in t e r m s  of a pheno-  

menologica l  model  i n t roduced  by Prost.  T h e  n a t u r e  of t h e  

Ad phase  and i t s  r e l a t ion  t o  A l  and A2 phases  was  a d d r e s s e d  t o  

theo re t i ca l ly  by Barois et a1.14 Since  Ad and A2 phases  h a v e  t h e  

s a m e  macroscopic  s y m m e t r y ,  t h e r e  cannot  b e  a second o r d e r  t r ans i-  

t ion  be tween  t h e s e  phases. Barois  et al. have  p red ic t ed  t h a t  under  

c e r t a i n  condit ions,  t h e  f i r s t  o rde r  A - A  t r ans i t i on  c a n  t e r m i n a t e  d 2 

a t  a c r i t i ca l  point  (CP) of t h e  gas-liquid type.  Indeed s u c h  a CP 



w a s  r ecen t ly  observed  expe r imen ta l ly  in t h e  T-X d i a g r a m  of a 

binary sys tem.  15 

Essential ly t h e  s a m e  a r g u m e n t s  c a n  be  appl ied  to A -A 
d 1 

t rans i t ion  also. T h e  s i t ua t ion  concerning  t h e  A -A t r a n s i t i o n  h a s  
d 1 

16 been r ecen t ly  addressed  theo re t i ca l ly  by P ros t  and  Tone r  using 

t h e  dislocation- loop approach.  According  t o  t h e m  t h e  A - A  t r ans i -  
d 1 

t ion  boundary can ,  a s  in the. case of A - A  t rans i t ion ,  t e r m i n a t e  
d 2 

a t  a c r i t i ca l  point  of gas-liquid type.  However  when t h e  e f f e c t  

of f luc tua t ions  is considered,  t h e  theory  p red ic t s  a n e m a t i c  i s land  

exist ing a t  t h e  t e rminus  of t h e  A - A  t r ans i t i on  boundary.  So f a r ,  d 1 

t h e  n e m a t i c  island has  indeed been  s e e n  bu t  

no t  t h e  A -A1  c r i t i ca l  point.  d 

In t h e  case of A - A  t rans i t ion ,  t h e  t r ans i t i on  c a n  b e  f i r s t  1 2  

o rde r  o r  e v e n  second order18  because  of t h e  e x a c t  doubl ing  of 

1 8  
l a t t i c e  periodici ty.19 High resolut ion expe r imen ta l  s tudy  o n  4-n- 

hexylphenyl-4'-cyanobenzoyloxy b e n z o a t e  (DB6CN)/terephthal-bis-4-n- 

butylani l ine (TBBA) s y s t e m s  has  shown t h a t  th is  i s  in f a c t  t h e  case, 

t h e r e  being a t r i c r i t i ca l  point  f o r  t h e  A I - A 2  t rans i t ion .  [Since 

i t  is now well known t h a t  t h e  s m e c t i c  A an t iphase  (x) and  c r e n e l l a t e d  

s m e c t i c  A (Acre) phase a r e  biaxial,  we have n o t  c o n s i d e r e d  t h e  

t rans i t ions  involving t h e s e  phases.] 

Hence ,  i t  is c l ea r  t h a t  t h e r e  c a n  be  a phase  t r a n s i t i o n  be t -  



ween  A & A and Ad AZ phases o r  t h e r e  c a n  b e  a con t inuous  evolu- d 

t ion  f r o m  Ad t o  A l  o r  Ad t o  A2. Also, t h e r e  c a n  be  a f i r s t  o r  

second o rde r  phase  t rans i t ion  be tween  t h e  A and  A2 phases.  A 
I 

va r i e ty  of i n t e re s t ing  possibi l i t ies  thus  ex i s t  concerning  A-A transi-  

tions. I t  is of i n t e r e s t  t o  see how t h e  d i e l e c t r i c  p r o p e r t i e s  behave  

nea r  t h e s e  d i f f e r e n t  kinds of A-A transi t ion.  T h e  r e s u l t s  of ou r  

s tud ie s  unde r t aken  wi th  th is  in view a r e  p re sen ted  in t h e  foi lowing 

sect ions.  

5.2 THE Ad-AZ TRANSITION 

Before  discussing t h e  r e su l t s  of ou r  d i e l e c t r i c  s t u d i e s  w e  

shall br ief ly discuss h e r e  t h e  resu l t s  of Xray  s tud ie s  r e p o r t e d  on  

ma te r i a l s  which a r e  supposed t o  exhibi t  t h e  Ad-A2 t rans i t ions .  

The  f i r s t  r epo r t  on t h -  e x i s t e n c e  of t h e  A - A2 t r a n s i t i o n  in a 
d 

single componen t  s y s t e m  w a s  by Hardouin et T h e y  obse rved  

t h a t  t h e  Xray  d i f f r ac t ion  p a t t e r n  in t h e  high t e m p e r a t u r e  A phase  

was  c h a r a c t e r i s e d  by condensed  s p o t  a t  q'=  IT / R', w h e r e  R < Q,' < 29,~ 

R being t h e  molecular  length.  T h e  low t e m p e r a t u r e  A p h a s e  showed  

t w o  d i f f e r e n t  per iodic i t ies  a t  wavevec to r s  2 d R  and  21~1211. T h e  f o r m e r  

was  c h a r a c t e r i s e d  a s  par t ia l ly  bi layer  s m e c t i c  A phase  (Ad) a n d  

l a t t e r  as t h e  bi layer  phase  (A ). However a d e t a i l e d  s t u d y  of t h e  2 

layer  spacing var ia t ion  a c r o s s  t h e  A -A t r ans i t i on  in t h i s  m a t e r i a l  
d 2 

w a s  no t  ca r r i ed  out.  Recen t ly  Hardouin et a1.21 r e p o r t e d  Xray 

s tud ie s  on t h e  e l even th  and  t w e l f t h  members  of homologous s e r i e s  



4-n- alkoxyphenyl- 4 '- (4"- cyanobenzyloxy)  b e n z o a t e  (nOPCBOB). In 

a n o t h e r  s tudy22 they  r e p o r t e d  resul ts  of Xray  and d i f f e r e n t i a l  

scanning c a l o r i m e t r i c  (DSC) s tud ie s  of t h e  n =  7 t o  1 3  m e m b e r s  of 4-n- 

alkoxy phenyl-4~-(4"-cyanobenzoyloxy)benzoate ( D B ~ O C N ) .  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 s e  ma te r i a l s  a r e  shown in Fig.5.2. Apparent ly  t h e y  

observed  f r o m  t h e  Xray  s tud ie s  a jump in t h e  l a y e r  spac ing  at 

t h e  Ad-A2 t rzns i t ion  for  DB70CN.  But for  higher  homologs  n o  

such  jump in t h e  layer  spac ing  was  observed.Exactly s imi lar  r e su l t s  

were  s e e n  fo r  nOPCBO5,  t h e r e  being a jump in layer  spac ing  f o r  

1 IOPCBOB, while  no such  jump was  seen  fo r  1 2 0 P C B O 5 .  Hardouin  

e t  al.  concluded f r o m  t h e s e  resul t s  t h e  ex i s t ence  of a c r i t i c a l  o r  

t r i c r i t i ca l  behaviour of t h e  A - A  t rans i t ion  in t h e  t e r n p e r a t u r e -  d 2 

chain length  phase  d iagram.  

However  m o r e  r ecen t ly  Krishna P rasad  et al.23 c a r r i e d  o u t  

high resolut ion Xray s tud ie s  on DB70CN and 11OPCBOB. The i r  

e x p e r i m e n t s  w e r e  conduc ted  wi th  a very high precision,  c a r e  being 

t a k e n  t o  co l l ec t  d a t a  a t  smal l  in terva ls  of t e m p e r a t u r e  (-100 mK) 

in t h e  neighbourhood of t h e  e x p e c t e d  Ad-A2 t rans i t ion .  T h e s e  s t u d i e s  

c lear ly  showed t h a t  t h e r e  w a s  no jump in t h e  l aye r  spac ing  at 

t h e  e x p e c t e d  A - A  t r ans i t i on  of e i t h e r  of t h e s e  ma te r i a l s .  I t  d 2 

i s  t h e r e f o r e  n o w  c l e a r  t h a t  ne i the r  DB70CN nor l l O P C B O 5  exh ib i t s  

a n  Ad- A t rans i t ion ,  bu t  i n s t ead  t h e  A phase  evolves continuously 
2 d 

i n t o  A2 phase. T h e  mos t  convincing ev idence  concerning  t h e  exis-  



D BnOCN Series 

4 - n - alkoxyphenyl - 4'- ( 4"- cyanobenzoyloxy ) benzoate 
( n  = 7 to 13) 

nOPCBOB Series 

I I  4 - n- alkoxyphenyl - 4'- ( 4 - cyanobenqloxy ) benzoate 
( n  = ] l and  12) 

Figure 5 . 2  

S t ruc tu ra l  formulae of the DBnOCN and nOPCBOB s e r i e s .  



t e n c e  of Ad-A2  t r ans i t i on  c o m e s  f rom t h e  X r a y  r e su l t s  of Soma-  

~ e k h a r a ~ ~  o n  t h e  binary sys t em of 4-n-pentylphenyl-4'-cyanobenzoy- 

loxy b e n z o a t e  (DB5CN) and 4-n-nonyloxybiphenyl-4'-cyanobenzoate 

(9OBCB). These  s tud ie s  showed a jump in l a y e r  spacing of - 2.6 
0 

A a t  t h e  Ad-  A2 t rans i t ion .  

Thus i t  is now c l e a r  t h a t  ma te r i a l s  a r e  known to e x h i b i t  

a cont inuous  evolu t ion  of A f r o m  A as well  as a d i r e c t  f i r s t  2 d 

o rde r  Ad-A2  t rans i t ion .  We have  chosen fo r  o u r  s tudy one system 

of e a c h  kind. 

The  m a t e r i a l s  s tudied  a r e  (i) DB7CN which shows con t inuous  

evolu t ion  f r o m  A t o  A2 according  t o  Xray  r e su l t s  of ~ a ~ a ~ ~  a n d  d 

(i i)  a 65.6 mol % 3 B 5 C N / 9 0 B C B  which exhib i t s  t h e  Ad-A2  t r ans i -  

t i ~ n . ~ ~    he s t r u c t u r a l  f o r m u l a e  and t h e  sequences  and  t e m p e r a t u r e s  

of  t r ans i t i ons  a r e  g iven  in Fig.5.3 and  Table  5.1 respect ive ly .  

5.3 STATIC STUDIES NEAR A-A TRANSITIONS 

5.3.1 The Ad - A2 Transition: (a) DB7CN 

We shall  f i r s t  discuss t h e  resul ts  on DB7CN. T h e  v a r i a t i o n s  

of t h e  s t a t i c  d i e l e c t r i c  cons t an t s  in t h e  n e m a t i c ,  s m e c t i c  A a n d  d 

A phases  a r e  shown in Fig.5.4 a long wi th  t h e  d i e l e c t r i c  a n i s o t r o p y  2 

As I t  is s een  t h a t  in t h e  n e m a t i c  phase, € 1 1  as well as show a 1 
sl ight  d e c r e a s e  with d e c r e a s e  of t empera tu re .  At  t h e  n e m a t i c -  

s m e c t i c  Ad (N-Ad) t rans i t ion ,  €11 shows a s t e e p  d e c r e a s e  which  



4 - n - ~ l k ~  lphenyl-4'-cyanobenzoyloxy benzoate 

( DBnCN) n = 5  8 7 

4-n-nonyloxybiphenyl-4'- cyanobenzoate 

(9OBCB) 

terephthal-bis-4-n- butylanil ine (TBBA) 

4 -Alkoyloxy phenyl- 4'- nitrobenzoyloxy benzoate 

(DBnONO*) n=8 & 10 

F i g u r e  5 . 3  

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 sed  f o r  t h e  compounds 

s t u d i e d .  



TABLE 5.1 

The sequences  and t h e  t e m p e r a t u r e s  of t rans i t ions  of t h e  s y s t e m s  s t u d i e d  

(Transi t ion t e m p e r a t u r e s  in "C) 

I I 65.6 rnol % mix tu re  of DBSCN/SOBCB 

235 153.6 146.6 
I - N -  

Ad - A2 

111 10.5 mol  % m i x t u r e  of TBBAIDB5CN 

253.5 128.3 126.9 
I-N- A l  - A2 

IV 43 mo1 % m i x t u r e  of DB80NO2/DB1OONO2 



Figure 5.4 

Temperature variation of E E and of A E  of DB7CN in the nematic, 

smectic A and A2 phases. 
I I '  1 

d 
(Note: The dashed arrow [nark corresponds to the expected A -A transition 

d 2 
from DSC runs.) 



con t inues  r ight  through t h e  A phase. 
2 '1 on  t h e  o t h e r  hand shows  

a smal l  i nc rease  on going f r o m  t h e  A t o  t h e  A2 phase. I t  gets d 

m o r e  o r  less s a t u r a t e d  at lower  t e m p e r a t u r e s  in t h e  A2  phase .  

T h e  s t e e p  d e c r e a s e  in € 1 1  which begins at t h e  N-Ad t r a n s i t i o n  i s  

d u e  t o  a n  i n c r e a s e  in t h e  cancel la t ion  of longitudinal  c o m p o n e n t  

of d ipole  m o m e n t s  caused  by a head- to-head fo rma t ion  of dipoles.  

It  is in te res t ing  t h a t  t h e  s t rong  d e c r e a s e  in E accilrs in t h e  t e m p e r a -  I i  
t u r e  r ange  in which t h e  layer  spacing shows a l a rge  expans ion  on  

approaching  t h e  A2 phase  ( see  Fig.5.5). These  s tud ie s  t h e r e f o r e  

sugges t  t h a t  t h e  s t r u c t u r a l  changes  t h a t  a c c o m p a n y  t h e  f o r m a t i o n  

of t h e  dipolar pa i r s  leading u l t ima te ly  t o  t h e  A phase  a r e  c o r r e l a t e d  
2 

t o  t h e  d i e l ec t r i c  behaviour.  I t  i s  a l so  i n t e r e s t i n g  t o  n o t e  t h a t  

Ell does  not show any  ab rup t  change  at a t e m p e r a t u r e  at wh ich  

a n  Ad-A2 t r ans i t i on  is e x p e c t e d  f r o m  DSC s tudies .  This  c a n  b e  

co r re l a t ed  with t h e  f a c t  t h a t  no  jump in l aye r  spac ing  w a s  s e e n  

at  t h e  expec ted  A -A t rans i t ion .  It  is a l so  zeen f r o m  t h e  Fig.5.4 d 2 

t h a t  A &  dec reases  s t rongly  with d e c r e a s e  in t e m p e r a t u r e  a n d  r e a c h e s  

a va lue  of a l m o s t  z e r o  at  t h e  lowest  t e m p e r a t u r e  in A p h a s e  indica-  2 

t ing  the reby  a p e r f e c t  head- to-head a r r a n g e m e n t  of dipoles in t h e  

A phase  a t  t h e  lowest  t empera tu re s .  In f a c t  a s imi lar  d e c r e a s e  2 
2 6 

in A €  has  been  obse rved  in o t h e r  systems.  N j e u m s  et al.  h a v e  

r epor t ed  t h e  var ia t ion  of d i e l e c t r i c  cons t an t s  in A a n d  A2  phases  d 

of four mater ia l s ,  viz., D B 7 0 C N ,  DBIOOCN, 1 IOPCBOB a n d  4-n- 



F i g u r e  5 . 5  

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  l a y e r  s p a c i n g  i n  t h e  A d  a n d  A 2  

p h a s e s  o f  DB7CN. 

[No te :  The d a s h e d  a r r o w  mark c o r r e s p s n d s  t o  t h e  e x p e c t e d  A d - A 2  
t r a n s i t i o n  from DSC r u n s  ( R e f .  25 )  I. 



decyl~xyphen~l-4'-(2-chlorobenzoylox y)-4"-nitrobenzoate (DB 1 OOCINOZ). 

All t h e s e  ma te r i a l s  w e r e  ini t ial ly considered to exhib i t  a n  A -A d 2 

t ransi t ion.  However ,  as men t ioned  ea r l i e r  a c c u r a t e  Xray  inves t i -  

gations23 have  now es tabl i shed  t h a t  in t w o  of t h e s e  m a t e r i a l s ,  

viz., D B 7 0 C N  and I IOPCBOB,  t h e r e  is a cont inuous  evo lu t ion  of  

A2 f r o m  Ad as t h e  t e m p e r a t u r e  is decreased .  No such  X r a y  d a t a  

Is ava i lab le  fo r  t h e  o t h e r  t w o  compounds. I: is t h e r e f o r e  n o t  c e r t a i n  

if a n  Ad-A* t r ans i t i on  rea l ly  ex i s t s  in t hese  cases .  

Njeumo et a1.26 found essential ly s imi lar  behaviour f o r  bo th  

1 1 OPCBOB and  DB 1OOC1NO2. Ell showed a s t e e p  d e c r e a s e  wi th  

d e c r e a s e  in t e m p e r a t u r e ,  t h e  d e c r e a s e  s t a r t i n g  f r o m  N-Ad t r a n s i t i o n  

i tself .  T h e  dec reas ing  t r end  con t inues  i n t o  t h e  A2 phase.  On t h e  

o t h e r  hand E shows continuously increasing t r e n d  th roughou t  A L d 

and A2 phases. This  i n c r e a s e  in '1 with  d e c r e a s e  of t e m p e r a t u r e  

could b e  d u e  t o  e i t h e r  a n  inc rease  in h indrance  t o  t h e  molecu la r  

reor ien ta t ion  a b o u t  t h e  long ax i s  o r  due t o  a n  i n c r e a s e  in t h e  longi-  

tudina l  componen t  of t r a n s v e r s e  dipole momen t .  I t  i s  n o t  possible 

t o  conclude  which of t h e s e  is t h e  cont r ibut ing  f ac to r .  These  var ia-  

t ions l ead  t o  a change  in sign of Ac- t h i s  c h a n g e  s e e m s  t o  o c c u r  

c lose  t o  A -A t r ans i t i on  in both  t h e  cases .  The  resul t s  of N jeumo d 2 

.et al. f o r  D B 7 0 C N  andDBlOOCN a r e  somewha t  s imi lar  t o  ou r  r e su l t s  

on  DB7CN. In th i s  case, A E d e c r e a s e s  with d e c r e a s e  in t e m p e r a t u r e ,  

but  does  no t  r e v e r s e  sign a t  t h e  A - A  t rans i t ion .  Ins tead  i t  s e e m s  d 2 



t o  show a cont inuous  d e c r e a s e  approaching  z e r o  only on ex t r apo la t ing  

t o  very  low t e m p e r a t u r e s  in t h e  A phase. T h e r e  h a v e  a l so  been  
2 

s o m e  o t h e r  i n s t ances  where in  a somewha t  l a rge  expans ion  of t h e  

l aye r  spac ing  is accompan ied  by a reversa l  in t h e  sign of t h e  d ie lec-  

t r i c  anisotropy.  27928 Thus on  t h e  whole i t  appea r s  t h a t  in m a t e r i a l s  

where in  A2 continuously evo lves  f rom Ad, t h e r e  is gene ra l ly  a 

d r a s t i c  reduct ion  of E as t h e  A phase i s  app roached  a c c o m p a n i e d  I I 2 
by a n  i n c r e a s e  of E ( t h e  r a t e  of i nc rease  of € s e e m s  t o  depend  1 1 
s t rongly  on t h e  material) .  Consequently,  in s o m e  cases A E  g o e s  

t o  z e r o  a t  t h e  lowest  t e m p e r a t u r e s  in t h e  A phase  while  in s o m e  
2 

o t h e r s  A E  changes  sign a t  t h e  e x p e c t e d  A -A t rans i t ion  t e m p e r a t u r e .  d 2 

65.6 mol % DB5CN/90BCB mixture 

We shall now discuss t h e  r e su l t s  on t h e  mix tu re  which  c l ea r ly  

shows t h e  Ad-A2 t rans i t ion .  X r a y  d a t a  of somasekha raZ4  is 

in Fig.5.6. I t  i s  c l e a r  t h a t  t h e r e  is a pronounced jump in l a y e r  
0 

spacing by a b o u t  2.6 A a t  t h e  A - A  transi t ion.  Fig.5.7 shows  d 2 

t h e  t e m p e r a t u r e  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  of 

t h e  mixture .  These  d a t a  have  been  col lec ted  using m o r e  p r e c i s e  

d a t a  acquis i t ion  sys t em men t ioned  in C h a p t e r  11. A c o m p u t e r  (HP86B)  

was  used  t o  va ry  t h e  t e m p e r a t u r e  at  a c o n s t a n t  r a t e  ( I -2°C/hr)  

a s  well as t o  co l l ec t  t h e  d a t a  of E and  E a t  t e m p e r a t u r e  i n t e r v a l  Il 1 
of a b o u t  3 or  4 mK. Since  t h e  i n t e r e s t  in this  m a t e r i a l  w a s  essen-  



F i g u r e  5 .6  

Temperature  v a r i a t i o n  o f  l a y e r  s p a c i n g  c o r r e s p o n d i n g  t o  (001)  

r e f l e x i o n s  i n  t h e  Ad and A p h a s e s  o f  65.6  mol % DB5CN/90BCB m i x t u r e .  2 
The r e g i o n  between t h e  v e r t i c a l  l i n e s  shows t h e  c o e x i s t e n c e  of  Ad and 

A2 p h a s e s  (Ref.  24) .  



F i g u r e  5.7 

Temperature  v a r i a t i o n  of d i e l e c t r i c  c o n s t a n t s  E 

and  of AE of 65.6  mol % DB5CN/90BCB m i x t u r e  
' 1  



t i a l ly  t o  see t h e  behaviour  of d ie lec t r ic  c o n s t a n t s  c lo se  to A - A  
d 2 

t rans i t ion ,  w e  have  c o l l e c t e d  d a t a  only in t h e  i m m e d i a t e  v i c in i ty  

of t h e  Ad-A2 t r ans i t i on  cover ing  a t o t a l  t e m p e r a t u r e  r a n g e  of 

a b o u t  8°C. T h e  f e a t u r e  of t h e  resu l t  is a s h a r p  drop  obse rved  at 

t h e  A - A  transi t ion.  T h e  va lue  of E: jumps f r o m  a b o u t  - 5.6- 5.1 d 2 11 
at  t h e  t ransi t ion.  This  i s  a l so  accompanied  by  a n  i n c r e a s e  of 

E though t h e  i n c r e a s e  i s  of  less  magni tude  t h a n  t h e  d e c r e a s e  of L 
€ 1 1  (€1 changes  f r o m  -3.7 t o  -3.6). These  studies,  which c o n s t i t u t e  

t h e  f i r s t  inves t iga t ion  of a m a t e r i a l  exhibi t ing a t r u e  A -A t r a n s i -  d 2 

t ion,  show t h a t  t h e r e  i s  a very  sha rp  reduct ion  in A E  at t h e  Ad-A* 

t rans i t ion .  

5.3.2. T h e  A1 - A2 Trans i t ion  

T h e  s y s t e m  chosen  f o r  t h e  study of A1-A2 t r ans i t i on  i s  10.5 

mol % mix tu re  of TBBA in DB5CN. This  m i x t u r e  h a s  a n a r r o w  

range  of A phase  in tervenihg  be tween  N and  A phases. T h e  s t r u c -  1 2 

t u r a l  fo rmulae  of t h e  m a t e r i a l s  a r e  shown in Fig.5.3 whi le  t h e  

sequences  and t h e  t e m p e r a t u r e s  of t rans i t ions  a r e  given in T a b l e  

5.1. 

T h e  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  €11 7 €1 a n d  

a l so  of in t h e  N,  A l  a n d  A2 phases a r e  shown in t h e  Fig.5.8. 

€ 1 1  i s  m o r e  o r  less  i ndependen t  of t e m p e r a t u r e  in N phase  wh i l e  

EL shows a ve ry  smal l  but  l inear  i nc rease  wi th  t h e  d e c r e a s e  i n  



Figure 5.8 

The temperature variation of dielectric constants E II , €1 and Of 
AE in the nematic, smectic A1 and A phases of 10.5 mol % 

2 
TBBA/DB5CN mixture. 



t e m p e r a t u r e .  These  t r e n d s  in 
€11 and € 1  

c o n t i n u e  r ight  t h r o u g h  

t h e  N-A t r ans i t i on  t h e r e  being no  change  at  a l l  to signify t h e  1 

ex i s t ence  of t h e  N-A t rans i t ion .  On t h e  f o r m a t i o n  of t h e  A phase ,  1 2 

E 11 shows a s t e e p  d e c r e a s e  whils t  E seems  t o  b e  u n a f f e c t e d  t h r o u g h  1 
A -A t r ans i t i on  also. 1 2  II h a s  a value of -4.1 in t h e  A l  p h a s e  

near  t h e  t rans i t ion  and  b e c o m e s  -3.8 a t  t h e  lowes t  t e m p e r a t u r e  

in A phase. This var ia t ion  which is q u i t e  pronounced ind ica t ing  
2 

t h a t  t h e r e  is aga in  a n  i n c r e a s e  in t h e  dipole-dipole c o r r e l a t i o n  

in t h e  longitudinal d i r ec t ion  d u e  t o  the  f o r m a t i o n  of dipolar  p a i r s  

which c o n s t i t u t e  b i layer  s t r u c t u r e .  To th i s  e x t e n t ,  t h e  behav iou r  

Of €11 
near  A -A t r ans i t i on  i s  s imilar  t o  t h a t  s e e n  a t  A -A t r a n s i -  1 2  d 2 

tion. The  a b s e n c e  of a n y  c h a n g e  in €11 on going f r o m  N t o  A p h a s e  I 

( t h e  d e c r e a s e  in II c o m m e n c e s  a t  A -A t rans i t ion)  i n d i c a t e s  1 2  

t h a t  t h e r e  is no  dipolar  c h a n g e  on going f r o m  N t o  monolayer  A 
1 

phase. This suppor ts  t h e  gene ra l  idea  concerning  t h e  polar A p h a s e  
1 

wherein t h e  dipolar  d is t r ibut ion  within t h e  l a y e r  is, s t a t i s t i c a l l y  

speaking,  random, i.e., t h e r e  i s  no  ne t  co r r e l a t ion  be tween  d ipoles  

of two  layers .  Due  t o  t h e  pronounced d e c r e a s e  in E , A E a g a i n  

shows continuous d e c r e a s e  in A phase. 2 

T h e  only s t a t i c  d i e l e c t r i c  s tudies r e p o r t e d  ea r l i e r  on A -A 1 2  

t rans i t ion  appea r s  t o  b e  d u e  t o  Benguigui et a1.29 They have  inves t-  

iga t ed  t h e  var ia t ion  of 
€11 and €1 in 18 mol % m i x t u r e  of TBBA 

in DB6CN. They a l so  did no t  see any pronounced change  in E a t  I - 



t h e  Al-A2 t r ans i t i on  whi le  II showed a s o m e w h a t  p ronounced  

decrease .  They concluded  f r o m  t h i s  t h a t  t h e r e  should b e  a s t r o n g  

a n t i f e r r o e l e c t r i c  order ing  of d ipoles  in t h e  .A phase.  Our  r e s u l t s  
2 

a r e  t h e r e f o r e  e s sen t i a l l y  in a g r e e m e n t  with t h o s e  of Benguigui  

et al. 

I t  may  b e  poin ted  o u t  t h a t  Xray  s tud i e s  of C h a n  et al .  
1 8  

showed c l ea r ly  t h a t  t h e  Al-A2 t rans i t ion  in t h e  TBBAlDB6CN mix-  

t u r e  is  f i r s t  o r d e r  when t h e  r a n g e  of A l  phase  i s  v e r y  s m a l l  b u t  

second order  when th i s  r a n g e  is  s o m e w h a t  larger .  Howeve r  n o  d e t a i -  

led  Xray d a t a  e x i s t  on  t h e  TBBA/DB5CN sys t em.  I t  m a y  b e  r e c a l l e d  

h e r e  t h a t  t h e  f i r s t  obse rva t ion  of A -A t r ans i t i on  w a s  in f a c t  
1 2  

in TBBA/DB5CN mixtures .  These  inves t iga t ions  h a v e  been  r e s t r i c t e d  

t o  c a l o r i m e t r i c  s tudies .  T h e r e  w a s  also a n  Xray  study3' of t h i s  

binary sys t em b u t  t h i s  w a s  e s sen t i a l l y  ca r r i ed  o u t  t o  c h a r a c t e r i s e  

Xray d i f f r ac t ion  p a t t e r n s  of t h e  A l  and  A2 phases. N o  d e t a i l e d  

s tudies  of t h e  Xray  c o r r e l a t i o n  l eng th  w e r e  c a r r i e d  o u t  a n d  con-  

sequent ly  i t  w a s  n o t  possible  to see t h e  r ange  of c o n c e n t r a t i o n  

ove r  which Al-A2 t r ans i t i on  is  f i r s t  o rder  in t h e  case of TBBA/  

DB5CN mixture .  Dens i ty  s tudies25  conduc ted  on 10.5 mol 96 TBBA/ 

DB5CN m i x t u r e  (whose  d i e l e c t r i c  s tud i e s  have  been desc r ibed  e a r l i e r )  

i nd i ca t ed  t h e  a b s e n c e  of a n y  c l e a r  jump a t  .\-A2 t rans i t ion .  How-  

e v e r  t h e s e  s t u d i e s  w e r e  n o t  p r e c i s e  enough t o  say  unequivoca l ly  

whe the r  th i s  t r ans i t i on  is  second o r d e r  or not .  It would b e  of cons i -  



d e r a b l e  i n t e r e s t  t o  s tudy t h e  d i e l ec t r i c  proper t ies  of s y s t e m s  exhib i t-  

ing a t r i c r i t i ca l  point  f o r  t h e  AI-A2 transi t ion.  

5.3.3. The A d - A l  Transition 

T h e  s y s t e m  chosen  to s tudy t h e  Ad-A1 t rans i t ion  i s  t h e  b inary  

mix tu re  of 43  mol  % of 4-octyloxyphenyl-4'-nitrobenzoyloxybenzoate 

(DB80NOZ) in 4-decyloxy phenyl-4knitro benzoyloxy b e n z o a t e  

(DBIOONO ) whose  s t r u c t u r a l  fo rmulae  as well  a s  t h e  s e q u e n c e s  2 

and  t e m p e r a t u r e s  of t r ans i t i ons  a r e  given in Fig.5.3 and  T a b l e  

5.1 respect ively.  I t  may  b e  r eca l l ed  he re  t h a t  t h e  n in th  m e m b e r  

of t h e  s a m e  homologous s e r i e s  (DB90N02)  i s  t h e  well known t r ip ly  

r e e n t r a n t  mesogen. The  binary sys t em s tudied  exhib i t s  N, Ad, A1, 
- 
C, A a n d  C phases. However  we  have  s tudied  t h e  d i e l e c t r i c  proper-  

2 2 

t i e s  only in t h e  A a n d  A l  phases  - this  is because  of t h e  high d 

A -N t rans i t ion  t e m p e r a t u r e  which made  m e a s u r e m e n t  in t h e  N d 

phase  very  d i f f icu l t  and  t h e  misa l ignment  of t h e  s a m p l e  which  
- 

occur s  on going ove r  t o  t h e  C phase  ( th is  prec ludes  a n y  measu re-  

m e n t s  below t h e  Al  phase). 

T h e  var ia t ion  of s t a t i c  d ie lec t r ic  c o n s t a n t s  in t h e  v ic in i ty  

of t h e  A -A t r ans i t i on  i s  given in the  Fig.5.9. Seve ra l  i n t e re s -  d 1 

t ing  f e a t u r e s  a r e  seen; E,, a n d  as well as E show a ve ry  s m a l l  1 
i nc rease  wi th  d e c r e a s e  in t e m p e r a t u r e  in Ad phase.  A t  t h e  A - A  d I  

t rans i t ion ,  11 shows a smal l  d e c r e a s e  ( -  0.07) while E shows a 1 





m o r e  pronounced and sha rp  i n c r e a s e  (-0.17). C o m p a r e d  t o  t h e  Ad-A2 

o r  A -A t rans i t ion  t h e  d e c r e a s e  in 
1 2  II s e e n  on  going t o  A phase  1 

f r o m  Ad phase  is much less  pronounced. T h e  s h a r p  i n c r e a s e  in 

€1 a t  Ad-Al t rans i t ion  i s  indica t ive  of a n  i n c r e a s e  in h ind rance  

t o  t h e  molecular  r eo r i en ta t ion  abou t  t h e  long a x i s  on  t h e  f o r m a t i o n  

of A l  phase. The  value of '1 in A l  phase  s e e m s  t o  s a t u r a t e  a t  

lower t empera tu re s .  Due t o  t h e  sudden change  in E: a n d  1 1 1 ,  AE: 

shows a pronounced drop  a t  t h e  A -A t rans i t ion .  T h e s e  s t u d i e s  d 1 

which c o n s t i t u t e  t h e  f i r s t  measu remen t s  on s t a t i c  d i e l e c t r i c  con-  

s t a n t s  near  a n  A -A t r ans i t i on ,  show t h a t  a l t hough  t h e r e  i s  a n  d 1 

inc rease  in a n t i f e r r o e l e c t r i c  nea r  neighbour o rde r ing  o n  going f r o m  

A t o  A l  phase,  t h i s  i n c r e a s e  is not as pronounced as t h a t  s e e n  d 

on  going t o  t h e  A2 phase  (where in  the re  is head- to-head f o r m a t i o n  

of dipolar pairs). The re fo re  i t  c a n  be deduced  t h a t  c o m p a r e d  t o  

A2 phase ,  t h e  dipolar  heads  a r e  m o r e  d isordered  in t h e  A l  phase.  

5.4 DISPERSION STUDIES NEAR A-A TRANSITIONS 

5.4.1. The A - A  transition d 2 

a DB7CN 

We shall f i r s t  p re sen t  t h e  resul ts  of ou r  dispersion measu re-  

m e n t s  in t h e  N, Ad and  A2 phases  of DB7CN in which as a l r e a d y  

discussed, t h e r e  is a cont inuous  evolution of A2 f r o m  Ad phase .  

T h e  typica l  loss cu rves  f o r  a f e w  t e m p e r a t u r e s  in t h e  N, Ad a n d  



A phases a r e  shown in Fig.5.10. The  s t r ik ing  f e a t u r e  of t h e s e  2 

cu rves  is t h e  d r a s t i c  reduct ion  of t h e  m a x i m a  of loss c u r v e s  on  

going t o  t h e  A phase. This  r e f l e c t s  t h e  behaviour of 2 I1 which 

a l so  shows a s t e e p  d e c r e a s e  a t  t h e  A - A  t r ans i t i on  ( s e e  Fig.5.4). d 2 

The r ep resen ta t ive  Cole- Cole  plots  in t h e  d i f f e r e n t  phases  of DB7CN 

a r e  reproduced in Figs. 5.1 1 and  5.12. T h e  loss cu rves  a s  well as 

t h e  Cole-Cole p lo ts  show t h a t  t h e r e  i s  only a single r e l a x a t i o n  

process in a l l  t h e  t h r e e  phases. The  f r equency  of r e l axa t ion  f R 

values ob ta ined  f rom loss c u r v e s  and  Cole- Cole  semic i r c l e s  a r e  

given in Table  5.2. T h e  plot  of f R  vs. l / T  is shown in Fig.5.13 

which also shows t h e  a c t i v a t i o n  energy  W in t h e  N, Ad a n d  A2 

phases. I t  i s  c l e a r  t h a t  WN > W A  > WAd. T h e  e x t r e m e l y  na r row 
2 

range  of A phase  m a k e s  t h e  va lue  of WA sl ight ly uncer ta in .  
d d 

b 65.6 Mol % DB5CN/90BCB Mixture 

We shal l  now p resen t  t h e  resul ts  on 65.6 mol % DB5CN/ 

90BCB sys t em which exhib i t s  c l e a r  Ad-A2 t rans i t ion .  T h e  typ ica l  

loss cu rves  a r e  given in Fig.5.14 while  t h e  Cole-Cole p lo ts  in Fig. 

5.15. T h e  f R  d a t a  ob ta ined  f r o m  loss cu rves  a n d  Cole- Cole  p lo ts  

a r e  given in Tab le  5.3. T h e  Arrhenius plot  (Fig.5.16) shows t h a t  

W ~ 2  
> WN > W A  . This r e su l t  is in f a c t  t h e  f i r s t  s tudy  on a m a t e r i a l  

d 
exhibi t ing t h e  A - A 2  t rans i t ion .  d 

Thus on  t h e  whole i t  c a n  be surmised  t h a t  W A  i s  a lways  
2 
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F i g u r e  5.11 

R e p r e s e n t a t i v e  Cole-Cole p l o t s  o f  DB7CN i n  t h e  ( a )  nemt ic  ( 0 183.8OC, 

IJ 1 7 6 . 4 = ~ )  and ( b )  s rnec t i c  A ( X 1 6 7 . 2 ° 2 ,  A 16!4.6OC) p h a s e s .  
d 



F i g u r e  5 .12 

R e p r e s e ? t a t i v e  Cole-Cole p l o t s  i n  t h e  s rnect ic  A phase  ( 0 161.3OC, 
2 

A 154.2OC) of DB7CN. 



TABLE 5.2 

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

nematic, smectic A and A 2  phases of DB7CN d 

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

("C) 
Mean f R  From loss curve From Cole-Cole 

N e m a  t i c  

S m e c  t i c A d  

11 168.5 1.85 1.796 1.823 
12 167.5 1.825 1.772 1.799 
13 165.95 1.8 1.732 1.766 
14 163.45 1.725 1.66 1.693 

S m e c t  i c  A 2  



F i g u r e  5 .13  

f v s .  1 / T  p l o t  o f  DB7CN. The a c t i v a t i o n  e ~ ~ r g i e s  a r e  a l s o  g i v e n .  R 
(Note :  The dashed arrow m a r k c o r r e s p o n d s t o t k ~  e x p e c t e d  A -A t r a n s i -  d 2 
t i o n  f r o n  DSC r u n s .  ) 
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Figure 5.15 

The representative Cole-Sole plots of 65.6 mol % DB5CN/30BCB mixture in 

(a) nematic ( 163.70~, A 155OC), ( b )  smectic A ( X 151.63OC, 148OC) 
d 

and (c) smectic A ( 0 145OC, A 133.8OC) phases. 2 



TABLE 5.3 

Frequency of relaxation f as a function of temperature in  R 
the nematic, smectic A and A phases of d 2 

65.6 mol % DB5CN/90BCB mixture 

T~~~~~~~~~~ Frequency of relaxation ( in  MHz) 
S.No. 

("C) From loss curve From Cole-Cole 
Mean f R  

N e m a  t i c  

S m e c t  i c  A d  

S r n e c t  i c  A 2  



F i g u r e  5 . 1 6  

fR VS. 1/T p l o t  i n  t h e  n e m a t i c ,  s rnect ic  A and  A p h a s e s  o f  d 2 
65.6 mol % DB5CN/90BCB m i x t u r e  



very  much g r e a t e r  t h a n  W showing thereby t h a t  t h e  r e o r i e n t a t i o n  
Ad 

process  of t h e  sho r t  ax i s  of t h e  molecule is much  m o r e  h inde red  

in  t h e  A phase  t h a n  in t h e  Ad phase. Essent ia l ly  a s imi lar  r e s u l t  2 

has  been  by Njeumo et fo r  severa l  s y s t e m s  exhib i t ing  t h e  

Ad and A2 phases. Cons ider ing  t h a t  at t h e  Ad-A2 t r ans i t i on  of 

t h e  binary sys t em DB5CN/9OBCB, t h e r e  is a pronounced jump in 

l aye r  spacing i t  was though t  worthwhile t o  s e e  if t h e r e  i s  a jump 

in f R  ,at t h e  t rans i t ion .  With th i s  in view, we co l l ec t ed  t h e  d a t a  

at  c lose  in terva ls  nea r  A -A transi t ion.  However  n o  jump w a s  
d 2 

seen  a t  t h e  t rans i t ion  (Fig.5.16). The  higher W in A phase  c o m p a r e d  2 

t o  t h a t  in Ad phase  i s  pe rhaps  a n  indicat ion of b e t t e r  packing of 

molecules  is bi layer  A2 phase. A s tudy of t h e  compar ison  of in-plane 

s t u r c t u r e  f a c t o r s  of t h e  Ad a n d  A2 phases h a s  no t  been  c a r r i e d  

o u t  so  f a r  and would be of cons iderable  in teres t .  

5.4.2 The AI -AZ  Transition 

The  r ep resen ta t ive  loss cu rves  and Cole- Cole  p lo ts  fo r  t h e  

10.5 mol % TBBA/DB5CN s y s t e m  a r e  shown in Figs.5.17-5.19 whi le  

t h e  d a t a  on fR  ob ta ined  f r o m  loss cu rves  and  Cole- Cole  p lo ts  i s  

g iven  in Table  5.4. T h e  p lo t  of fR  vs. 1/T (Fig.5.20) shows s o m e  

unusual fea tures .  W N  i s  found t o  be t h e  s a m e  as in t h e  A1 p h a s e  

(0.66 eV) while W in t h e  A2 phase  is found t o  be  much  smal ler .  

Secondly, t h e r e  is a reg ion  of t e m p e r a t u r e  in t h e  A phase  ( c lose  2 

t o  t h e  A -A t r ans i t i on )  in which t h e  d a t a  do  no t  fa l l  on t h e  Arrhe-  1 2  
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Figure 5.18 

Representative Cole-Cole plots in the (a) nematic (136.I0C) an3 

( b )  smectic A phase (127.8OC) of 10.5 mol % TBBA/DB5CN mixture. 
1 





TABLE 5.4 

Frequency  of re laxa t ion  f as a func t ion  of t e m p e r a t u r e  in R 
t h e  n e m a t i c ,  s m e c t i c  A and  A 2  phases  of 1 

10.5 mol % TBBA/DB5CN m i x t u r e  

S.No. T e m p e r a t u r e  F r e q u e n c y  of re laxa t ion  (in MHz) 
( "C)  F r o m  loss  c u r v e  F r o m  Cole-Cole  

h lean  f R 

N e m a  t i c  

S m e c t i c  A l  

S r n e c  t i c  A 2 





nius p lo t  at all. Thirdly, t h e  ex t r apo la t ed  l inear  por t ion  of t h e  

plot  in A2 phase  t o  A -A t r ans i t i on  gives a jump in f a t  Al-A2 1 2  R 

t rans i t ion ,  t h e  re laxa t ion  f r e q u e n c y  in A2 phase  being higher t h a n  

t h a t  of A phase. [The e r r a t i c  behaviour of t h e  d a t a  i m m e d i a t e l y  1 

on  t h e  fo rma t ion  of A2 phase  as well as t h e  h igher  v a l u e  of f R  

in t h e  beginning of A p h a s e  a r e  essential ly s imi lar  t o  t h e  behaviour  2 

seen  nea r  t h e  N-A t r ans i t i on  in D95CP4 ( see  C h a p t e r  111, Sec t ion  
2 

3.7.Ib)l. This resu l t  would imply t h a t  t h e  head- to-head pa i r s  of 

dipoles which lead  t o  t h e  b i layer  s t ruc tu re  of A2 phase  somehow 

m a k e  t h e  r eo r i en ta t ion  p rocess  of a pair of mo lecu le s  (presumably  

a mechanism of re laxa t ion  in t h e  A phase) ea s i e r  t h a n  t h e  r eo r i en ta -  2 

t ion  of a single molecule  in t h e  A l  phase. 

It  i s  r e l evan t  t o  r e c a l l  h e r e  t h e  only o t h e r  d i e l e c t r i c  s tudy  

on t h e  sys t em exhibi t ing t h e  A I - A 2  t r a n s i t i o n- t h e  d a t a  of Benguigui 

and  ~ a r d o u i n ~ ~  on  t h e  TBBAIDB6CN sys tem ( r e f e r  t o  $5.3.2).Although 

th i s  s tudy does  not  g ive  a n y  d a t a  in t h e  Al  phase ,  i t  a p p e a r s  t o  

show t w o  re laxat ions  in t h e  A2 phase. As discussed in c h a p t e r  

111, 53.7.lb none of t h e  subsequent  s tudies on t h e  A2 p h a s e  have  

shown a second r e l axa t ion  in any  of t h e  m a t e r i a l s  and  t h e r e f o r e  

t h e  resu l t  of Benguigui and  Hardouin is perhaps  a t t r i b u t a b l e  t o  

t h e  d i f f e rence  in c h e m i c a l  n a t u r e  of t h e  c o n s t i t u e n t  mo lecu le s  

in t h e  mixture .  The  second  dispersion p red ic t ed  theo re t i ca l ly  by 

~ e n ~ u i ~ u i ~ '  in A2 phase  i s  t h e r e f o r e  has nor been  proved expe r imen-  

ta l ly  s o  far .  



5.4.3. A - A  Transition d 1 

Finally w e  shal l  p re sen t  our dispersion s t u d i e s  nea r  t h e  

Ad-Al  t rans i t ion  in 4 3  mol  % DB80NO2/DB1OONO2 sys t em.  T h e  

plots  of ve r sus  f r equency ,  Cole-Cole d i ag rams  and t h e  Arrhenius  

p lo t  a r e  given in Figs. 5.21-5.24 respec t ive ly  while  t h e  d a t a  on  

f a r e  given in Table  5.5. W in t h e  A phase is found t o  b e  subs tan-  R 1 

t ial ly la rger  t h a n  t h a t  in t h e  A phase. T h e  only previously r e p o r t e d  d 

s tudy on t h e  Ad- A t r ans i t i on  is due  t o  Benguigui e t  a1.32 on  t h e  
I 

binary mixture  of 4-octyloxybenzoyloxy-4'-cyanostilbene (T8) in 

4-pentyloxybenzoyloxy-4'-nitrostilbene (TgN02). 0.75 T ~ / T ~  NO2 

sys t em was  shown t o  exh ib i t  t h e  continuous evolu t ion  of A f r o m  1 

A phase on t h e  basis of Xray  study.  The dispersion s tudy  of Bengui- 
d 

gui  e t  al. s e e m s  t o  show t h e  ex i s t ence  of t w o  re laxat ions ,  t h e  

s t r eng th  of o n e  dec reas ing  at t h e  expense of a n o t h e r  o n  going f r o m  

A t o  A l  phase. Benguigui et al. concluded f r o m  the i r  r e su l t s  t h a t  d 

t h e  A phase  wi th  only o n e  possible layer  modula t ion  c a n  possess 

t w o  shor t-  r ange  local  o rde r s ,  t h e  s t rength  of o n e  of t h e  o r d e r s  

becoming less on  going t o  a n o t h e r  type of A phase. However ,  ou r  

r e su l t s  on t h e  43  mol % DB80NO2/DB100NO2 s y s t e m  show t h a t  

t h e r e  is only a single r e l axa t ion  process at al l  t e m p e r a t u r e s  in 

both A l  and Ad phases. It  is in te res t ing  t o  n o t e  t h a t  t h e  c o n s t i t u e n t  

molecules  of our  mix tu re  belong t o  the  s a m e  homologous s e r i e s  

while  t h e  compounds s tud ied  by Benguigui e t  al.  h a v e  d i f f e r e n t  

chemica l  s t ruc tu re s-  o n e  of t h e  cons t i tuent  ma te r i a l s  h a s  a c y a n o  
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Figure 5.22 

Representative Cole-Cole plots in th,? smectic A phase d 
[(a) l34.450~, l b )  131.35OC and (c) 124.45OCI of 43 mol % 

DB80N02/DB100~0 mixture. 
2 



Representative Cole-Cole plots in the smectic A phase ' 
1 

[ ( a )  123.4OC, ( b )  122.35OC and ( c )  120°C] of 43 rnol % 
DB80N02/DB 1 00Na2 mixture. 



F i g u r e  5 . 2 4  

R e l a x a t i o n  f r e q u e n c y  f v s .  1 / T  p l o t  i n  t h e  s m e c t i c  A a n d  
R d  

A 1  p h a s e s  o f  43 mol I DB80N02/DB100N02 m i x t u r e .  



129 
TABLE 5.5 

Frequency  of re laxa t ion  f a s  a funct ion  of t e m p e r a t u r e  in t h e  R 
s m e c t i c  Ad and A l  phases  of 43 mol % DBSONO2/DB100NO2 m i x t u r e  

Tempera tu re  F requency  o f  re laxa t ion  (in MHz) 
S.No. 

("C) 
hilean f F rom loss c u r v e  From Cole-Cole R 

S r n e c t  i c A d  

S m e c  t i c  A .  



(CN) end  group while t h e  o t h e r  o n e  has a n i t ro  (NO ) end group. 
2 

It  is t h e r e f o r e  conce ivab le  t h a t  t h e  two dispersions seen  by t h e m  

could be  due  t o  t h e s e  d i f f e r e n t  t y p e s  of molecular  species.  

5.5 MICROSCOPIC THEORY OF A-A TRANSITION 

A theore t i ca l  descr ip t ion  of t h e  d i f f e ren t  t y p e s  of 

A phases has  been  given by Longa and d e  ~ e u ~ ~  by cons ider ing  

t h e  d i f f e ren t  t y p e s  of i n t e rmolecu la r  in terac t ions .  In t h i s  s e c t i o n ,  

w e  shall br ief ly descr ibe  t h e  sa l i en t  f e a t u r e s  of t he i r  theory.  

In the i r  approach,  Longa  a n d  d e  J e u  cons idered  t h e  in f luence  

of breaking t h e  up-down s y m m e t r y  of mesogenic  molecules  on t h e  

occu r rence  of s m e c t i c  A phases. The cons t i t uen t  molecules  a r e  

r ep resen ted  by spherocyl inders  wi th  one  point polarizabil i ty a n d  

one  dipole m o m e n t ,  s i t u a t e d  on  t h e  axis  but  a w a y  f r o m  t h e  geo-  

met r i ca l  cen te r .  F r o m  e s t i m a t e s  of t h e  various types  of i n t e r a c t i o n s  

(dispersion, dipole- induced-dipole, and  diple-dipole) i t  is found t h a t  

t h e  o c c u r r e n c e  of a f e r r o e l e c t r i c  A phase  consist ing of po la r i zed  f 

l aye r s  is very  unlikely. Fo r  s t rongly  local ized end  dipoles a n  an t i-  

f e r r o e l e c t r i c  A phase  i s  favoured ,  consist ing of double layers .  
2 

A na tu ra l  consequence  of t h i s  t heo re t i ca l  descr ip t ion  i s  t h a t  o n c e  

classical  ( symmet r i ca l )  monolayer  A phase  and polar bi layer  A 2  I 

phases a r e  establ ished,  a n  a n t i f e r r o e l e c t r i c  A phase is a l so  found  1 

with a single- layer  s t r u c t u r e  periodicity. (Longa and d e  J e u  t h e r e -  



f o r e  c lear ly  dist inguished polar  A l  f rom non-polar A .) However  1 

t h e  theo ry  does  no3 m a k e  a n y  predict ions concerning  t h e  d i e l ec t r i c  

behaviour of t h e  d i f f e ren t  k inds  of A phases. 

In summary  t h e  s t u d i e s  described in th i s  c h a p t e r  show t h a t  

t h e r e  a r e  in teres t ing  d i f f e r e n c e s  in t h e  d i e l ec t r i c  behaviour  nea r  

t h e  d i f f e ren t  t y p e s  of A-A transi t ions.  A d e t a i l e d  q u a n t i t a t i v e  co r re-  

la t ion  of t h e s e  d i f f e rences  wi th  t h e  s t ruc tu ra l  d i f f e r e n c e s  as s e e n  

by Xray  d i f f r ac t ion  e x p e r i m e n t s  has  not been c a r r i e d  o u t  s o  fa r .  

Such a study would be of cons iderable  interest .  
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