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NONLI NEAR DI ELECTRI C EFFECT FOR STUDY I NG 
ISOTROPIC - LIQUID CRYSTAL PHASE T R A N S T I O N S  

SYLWESTER J. RZOSKA AND JAN CHRAPEC: 
I n s t i t u t e  of Physics ,  S i l e s i a n  Un ive r s i ty ,  
Uniwersytecka 4 ,  40-007 Katowice, Poland. 

Abstact The p r e t r a n s i t i o n a l  effect  i n  t h e  
i s o t r o p i c  phase i n  t h e  v i c i n i t y  of t h e  nematic ,  
smectic and b lue  phase has  been s t u d i e d  by means 
of t h e  Nonlinear D i e l e c t r i c  E f f e c t .  As a r e s e a r c h  
method t h e  NDE is complementary to t h e  l i g h t  
s c a t t e r i n g ,  K e r r  and Cotton - Mouton effects.  

I NTRODUCTI ON 

On approaching t h e  poin t  of t h e  continuous phase t r a n -  

s i t i o n  s t r o n g ,  c r i t i ca l ,  f l u c t u a t i o n s  of t h e  next phase 

appeared. I t  caused t h a t  many phys ica l  magnitudes may 

be desc r ibed  by a s imple power r e l a t i o n  wi th  a n  univer-  

sal cr i t ical  exponent. I t  a l s o  permi ts  s tudy ing  i n  t h e  

given phase p r o p e r t i e s  of t h e  next  one. I n  some cases 

t h e  c r i t i ca l  f l u c t u a t i o n s  appeared al though t h e  phase 

t r a n s i t i o n  is discont inuous.  Such s i t u a t i o n  t a k e s  p l a c e  

f o r  t h e  i s o t r o p i c  - nematic t r a n s i t i o n .  

I n  t h e  i s o t r o p i c  phase i t  is p o s s i b l e  t o  do measure- 

ments of such magnitudes as t h e  l i g h t  s c a t t e r i n g  C I >  , 
t h e  K e r r  C K 3  or Cotton - Mouton CChD effects. They are 

very  s e n s i t i v e  t o  cr i t ical  f l u c t u a t i o n s :  

i 

2 

, DTc,  T*= T. - AT, 1 I ,  K ,  CM z 
C T - T* 

c13 
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where 

e lectr ic  f i e l d ,  B is t h e  magnetic i nduc t ion ,  

An = nil  - nldef inesthe an iso t ropy  of t h e  refractive 

index  n f o r  t h e  completely ordered l i q u i d  crystal ,  

is t h e  c l e a r i n g  temperature ,  T* is t h e  ex t r apo la t ed  

temperature of t h e  hypothe t ica l  continuous phase 

t r a n s i t i o n .  The s t r o n g  p r e t r a n s i t i o n a l  anomaly, 

cl  assi cal l  y d e s c r i  bedie2, caused t h a t  t h e s e  e f f e c t s  are 
p a r t i c u l a r l y  u s e f u l l  f o r  determining t h e  va lue  of t h e  

phase t r a n s i t i o n ' s  d i s c o n t i n u i t y  AT. 

K = An/E2, CM = An&', E is t h e  i n t e n s i t y  of t h e  

Tc 

The same type of behavior e x h i b i t s  a l s o ,  relative- 

l y  less known, nonl inear  d ie lectr ic  effect  CNDE3. The 

method r e l i e d  on measurements of t h e  d i f f e r e n c e  of t h e  

- ~3 i n  a s t r o n g  C E  3 electr ic  p e r m i t t i v i t y  c k E  = Eli 

and i n  a weak Cc3 electric f i e l d ,  r e s p e c t i v e l y .  The 

frequency of t h e  weak measurement f i e l d  is of t h e  order  

of a f e w  MHz C 5  MHz i n  our s t u d i e s > .  I n  almost a l l  

t e s t e d ,  up t o  now, cases AcE I, E2 w a s  ob ta ined ,  so t h a t  

t h e  measure of t h e  NDE is t h e  va lue  of AsE/E2 . 
The same temperature  cha rac t e r  of t h e  p r e t r a n s i t i o n a l  

effect  f o r  I ,  K ,  CM, NDE is not i n c i d e n t a l  because t h e y  

are t o  a large e x t e n t  complementary: 

I I  

9 

An t-Y , 
a 

NDE = CNos a t - Y ,  K = CK 

c 2 3  
A n A m  

a a t - Y  I = c1 CM = Ccu 

where C denotercons tan ts  connected with t h e  g iven  me- 

thod, t= CT - T 3#T is t h e  dimensionless  d i s t a n c e  from 

T*, 'a' is t h e  c o e f f i c i e n t  of t h e  q u a d r a t i c  t e r m  i n  t h e  
Landau free energy expansion"', As and Am are d i e l e c t r i c  

and diamagnetic a n i s o t r o p i e s ,  r e s p e c t i v e l y .  I n d i c e s  by 

* *  
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Ac s p e c i f i c a t e  t h e  frequency: t h e  o p t i c a l  CX3, low f r e q -  

uency l i m i t  C03 and t h e  NDE's measurement f requency  C f > .  

RESULTS OF THE NDE MEASUREMENTS 

The f i r s t  measurements of t h e  NDE near t h e  nematic 

phase i n  MBBALS and t h e  next  i n  CdNCS, CB5, . . . confirm 

t h e  above, c lass ical ,  r e l a t i o n s .  The same tempera ture  

dependence w a s  observed i n  t h e  v i c i n i t y  of t h e  b lue  

phase i n  c h o l e s t e r y l  o l e a t e  CCO3 and c h o l e s t e r y l  o l ey l  

carbonate  CCOC> CFig.13. I t  is noteworthy t h a t  for t h e  

i s o t r o p i c  - blue  phase t r a n s i t i o n  a numerical a n a l y s i s  

did not exclude t h a t  t h e  optimum exponent has  a va lue  

l i t t l e  less  than  1. 
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* Figure  1. Inve r se  of t h e  NDE versus  T - T f o r  

t h e  t r a n s i t i o n  t o  t h e  nematic CMBBA, 

c r o s s e s > ,  b lue  phase CCO, open c i r c l e s 3  

and t o  t h e  smectic i n  DOBAMBC Cfu l l  

c i  r cl es> . 
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A s p e c i a l  case is t h e  t r a n s i t i o n  t o  t h e  smectic 

phase. For 6 and 7 DBT6 t h e  classical behavior w a s  

observed only  for T > Tc + 4 K. E luc ida t ion  of t h i s  

behavior is not unequivocal. For i n s t a n c e  i t  may be 

connected with t h e  va lue  of t h e  measurement frequency. 

I n  a l l  previous r e sea rch  on l i q u i d s  C i . e .  a l s o  i n  

c r i t i ca l  s o l u t i o n s  of o rd ina ry  l i q u i d s )  f l u c t u a t i o n s  

a l w a y s  caused p o s i t i v e  changes i n  t h e  e lectr ic  

p e r m i t t i v i t y  CAeE>03 .  

smectic A phase,  t h e  s i g n  of t h e s e  changes is nega t ive  

CAe'<O> Cfig.1) .  I t  may be due to t h e  i n f l u e n c e  of t h e  

ferroelectric smectic C f l u c t u a t i o n s  or t h e  i n f l u e n c e  

of t h e  frequency of t h e  measurement f i e l d .  Maybe t h e  

dominating mechanism re spons ib l e  for t h e  cr i t ical  effect  
7 is of t h e  o r i e n t a t i o n a l  n a t u r e  l i k e  i n  t h e  s o l i d  state.  

For DOBAMBC, on approaching t h e  

* 

Figure 2. The temperature  dependence of t h e  

CNDE>-' for B-DET. 

Presented above r e s u l t s  concerned pure s y s t e m s .  One 

of t h e  most common i m p u r i t i e s  is, i n  p r a c t i c e ,  a 
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nonmesogenic dopant. I t  may cause dec reas ing  of Tc and 

t h e  existence of t h e  two-phase region between t h e  

nematic and i s o t r o p i c  phase'. I t  t a k e s  p l ace  f o r  example 

i n  t h e  MBBA - benzene mixture.  Measurements of t h e  NDE 

showed t h a t  a l s o  i n  t h i s  case t h e  cri t ical  effect  

preserves  t h e  classical temperature  c h a r a c t e r  Ceq. 1.23. 

The a d d i t i o n  of benzene changes t h e  value of AT and t h e  

amplitude of t h e  c r i t i ca l  effect. 8 

I n  our opinion t h e  above r e s u l t s  prove that, t h e  

NDE may be a ve ry  usefu l1  i n s t r u m e n t  f o r  s tudy ing  

p r o p e r t i e s  of t h e  i s o t r o p i c  - l i q u i d  crystal 

t r  a n s i  ti ons. 
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