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DIELECTRIC S T U D I E S  OF THE STRUCTURE I N  SOME 

HOMOLOGOUS S E R I E S  OF E S T E R S  AND T H E I R  M I X T U R E S  

B .  W A Z Y N S K A " ,  G .  C Z E C H O W S K I * * ,  R .  D 4 B R O W S K I * * *  

AN0 J .  JADZYN** 

"Warsaw U n i v e r s i t y  o f  T e c h n o l o g y ,  02-524 Warsaw, 
P o l a n d  

o f  S c i e n c e s ,  60-179 P o z n a h ,  P o l a n d  
* * I n s t i t u t e  o f  M o l e c u l a r  P h y s i c s ,  P o l i s h  Academy 

* * * M i l i t a r y  T e c h n i c a l  Academy, 01-489 Warsaw, Poland 

A b s t r a c t  The r e s u l t s  o f  e l e c t r i c  p e r m i t t i v i t y  a n d  
c o n d u c t i v i t y  m e a s u r e m e n t s  f o r  mesogens f r o m  t h e  
C B n A B  ( n  = 5 - 8 )  h o m o l o g o u s  s e r i e s  a n d  f o r  t h e  
m i x t u r e s  of  CB7AB w i t h  lOXPCH8 ( X  = F or C O C H 3 ) ,  
a r e  p r e s e n t e d .  

I N T R O D U C T I O N  

I t  h a s  b e e n  o b s e r v e d  t h a t  i n  some m i x t u r e s ,  t h e  p o l a r  

s m e c t i c  A1 p h a s e s  a r e  i m m i s c i b l e .  ' j 2  I n  t h e  p h a s e  d i a -  

g rams of s u c h  m i x t u r e s  one o b s e r v e s  o n  one s i d e  a d e s t a -  

b i l i z a t i o n  o f  t h e  s m e c t i c  p h a s e  l e a d i n g  t o  t h e  appearance 

o f  t h e  n e m a t i c  g a p ,  and o n  t h e  o t h e r  s i d e  a n  e x t e n s i o n  

o f  t h e  s m e c t i c  p h a s e  r e g i o n  and t h e  a p p e a r a n c e  o f  t h e  
r e e n t r a n t  n e m a t i c  p h a s e .  Such a b e h a v i o u r  was o b s e r v e d  1,2 

i n  m i x t u r e s  composed o f  t h e  f o l l o w i n g  c l a s s e s  o f  compo- 

u n d s :  4'-cyanobiphenyl-4'-n-alkylbiphenyl-4-carboxylates 
( C B n A B  : , 

'nH2n+1 - @  - @  - C O O - @  - @ - C N  
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426 8 .  W A ~ Y ~ ~ S K A  e t  a l .  

and 4-(trans-4-n-decylcyclohexyl)benzoates (10XPCHB) 

%OH21 0- @ - coo - @ - x ( x = F ,  or C O C H ~ ) .  

I n  t h e  p r e s e n t  paper  t h e  d i e l e c t r i c  p r o p e r t i e s  o f  t h e s e  

compounds and t h e i r  m i x t u r e s  a r e  d i s c u s s e d .  

RESULTS AND D I S C U S S I O N  

F i g u r e  1 p r e s e n t s  t h e  r e s u l t s  o f  d i e l e c t r i c  measurements 

o b t a i n e d  f o r  compounds o f  t h e  homologous s e r i e s  C B n A B  

( n = 5 f 8 ) .  The l a r g e  v a l u e  o f  p e r m i t t i v i t y  f,, , due t o  t h e  

p resence  o f  t h e  s t r o n g l y  p o l a r  -CN g roup ,  dec reases  as 

t h e  l e n g h t h  o f t h e  a l k y l  c h a i n  i n c r e a s e s .  F o r  t h e  CEnAB 

s e r i e s  w i t h  n=5 t o  7 a t  t h e  N-SAl phase t r a n s i t i o n  one 

obse rves  a s t r o n g  dec rease  o f  c o n d u c t i v i t y  measured 

a l o n g  t h e  d i r e c t o r  (q, 
s t r u c t u r e  o c c u r s .  Whereas a n  i n c r e a s e  o f  t h e  p e r p e n d i -  

c u l a r  component of  c o n d u c t i v i t y  ( S ;  on t r a n s i t i o n  f r o m  

N t o  SAl is anomalous. T h i s  b e h a v i o u r  i s  p r o b a b l y  r e l a -  

t e d  t o  t h e  s p e c i f i c  s t r u c t u r e  o f  t h e  s m e c t i c  A1 l a y e r s .  

The s t u d i e s  by Gramsbergen and de Jeu' have shown t h a t  
i n  a s i m i l a r  c l a s s  of compounds ( w i t h  t h e  - C N  p o l a r  

g roup)  s m e c t i c s  A1 have l o c a l l y  o r d e r e d  d i p o l e s  l i k e  i n  

t h e  s m e c t i c  s t r u c t u r e .  

I n  C B B A B  t h e  r e e n t r a n t  n e m a t i c  phase s e p a r a t e s  t h e  

w h a t  i s  t y p i c a l  when a l a y e r  

s m e c t i c  A d  and A1 phases. The c o n d u c t i v i t y  component 

i s  i n s e n s i t i v e  t o  t h e  phase t r a n s i t i o n s ,  w h i l e  t h e  com- 
ponen t  S;, shows o n l y  a s m a l l  i n c r e a s e  on t r a n s i t i o n  from 

A d  t o  RN.  The v a l u e  of  a n i s o t r o p y  o f  c o n d u c t i v i t y  i n  t h e  

RN phase i s  &, /G'> 1, w h i c h  

t h e  R N  phase i n  C B 8 A B  i s  d i f f e r e n t  f r o m  t h a t  o f  t h e  
n e m a t i c  phase o f  compounds CBnAB f o r  nd 

means t h a t  o r d e r i n g  o f  
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FIGURE 1 Electric permittivity and c o n d u c t i v i t y  
for t h e  C B n A B  compounds. D
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428 8 .  WAZYNSKA et al. 

F I G U R E  2 Electric permittivity and conductivity 
for t h e  CB7AB ( A )  + l O F P C H B  ( B )  mixtures. D
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DIELECTRIC S T U D I E S  OF THE M I X T U R E S  429 

F I G U R E  3 E l e c t r i c  p e r m i t t i v i t y  and c o n d u c t i v i t y  

f o r  t h e  C B 7 A B  ( A )  + l O A P C H B  ( 6 )  m i x t u r e s .  
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430 8. W A t Y k S K A  e t  a l .  

The r e s u l t s  o f  d i e l e c t r i c  s t u d i e s  o f  CB7AB+lOFPCHB 

and CB7AB+lOAPCHB m i x t u r e s  a r e  p r e s e n t e d  i n  F i g s . 2  and 

3, r e s p e c t i v e l y .  The d i e l e c t r i c  a n i s o t r o p y d g  i n  l O F P C H B  
and l O A P C H B  i s  much l o w e r  as compared w i t h  CB7AB what 

i s  due t o  t h e  l o w e r  p o l a r i t y  o f  t h e  -F and - C O C H 3  t e r -  

m i n a l  g roups .  The b e h a v i o u r  o f  b o t h  component o f  con -  

d u c t i v i t y  s;, and S; i s  t y p i c a l  f o r  s m e c t i c s  A1. 
The r e e n t r a n t  n e m a t i c  phase appears  i n  b o t h  t h e s e  

m i x t u r e s .  E l e c t r i c  c o n d u c t i v i t y  d a t a  show t h a t  t h e  

p r o p e r t i e s  o f  t h e  r e e n t r a n t  n e m a t i c  phase i n  t h e  m i x t u r e  

CB7A8+10FPCHB ( F i g . 2 )  a r e  ana logous  t o  t h o s e  o b s e r v e d  

i n  t h e  8OCB+6OCB sys tem,6  The a n i s o t r o p y  o f  c o n d u c t i v i t y  

S;,/S; } 1 i n  t h e  two n e m a t i c  phases  and i n  t h e  s rnec t i c  

phase. The p r o p e r t i e s  o f  t h e  r e e n t r a n t  n e m a t i c  phase i n  

t h e  CB7AB+lOAPCHB m i x t u r e  a r e  d i f f e r e n t  ( F i g . 3 ) .  The 

a n i s o t r o p y  o f  c o n d u c t i v i t y  q1 /&'< 1 i n  b o t h  R N  and S A  

phases s i m i l a r l y  t o  t h e  p u r e  CB8AB. 

The work has  been s u p p o r t e d  by t h e  CPBP 01.12 

r e s e a r c h  p r o j e c t .  
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