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KERR-EFFECT I N  ISOTROPIC LIQUID PHASE 
OF MONOTROF'IC NEMATOGENS 

E.I. RYUMTSEV and S.G. POLUSHIN 
I n s t i t u t e  o f  Physicsr Leningrad Sta te  Un ive rs i t y r  
Leningrad II USSR 

(Received March 12,  1991) 

Abstract  The K e r r  constant o f  two monotropic nemato- 
gens w i t h  d i f f e r e n t  molecules l eng th  i s  measured. The 
low temperature o f  the r iamat ic- isot rop ic  l i q u i d  phase 
t r a n s i t i o n  which i s  t y p i c a l  f o r  monotropic LC created 
the  cond i t i ons  f o r  the observat ion o f  two K e r r - e f f e c t  
d ispers ions  a t  t h e  frequency l o w e r  than 10 MHr.  I t  
wns shown t h n t  t h e  low frequency d ispers ion  process 
i s  connected w i t h  cooperat ional  or i e n t a t i o n a l  molcecu- 
l c s  motion whereas h igh  frequency i s  connected w i t h  
the  r o t a t i o n  o f  t h e  i n d i v i d u a l  molecules o f  nematogcrn. 

Keywords: Kerr-effect, birefringance, monotropic rnesogener; phase transition, disper- 
sion 

INTRODUCTION 

Considerable experimental ma te r ia l  concerning the observu- 
t i o n s  o f  the  t i e r r -e f fec t  i n  i s o t r o p i c  me l ts  o f  enan t io t ro -  
p i c  L C  has been accumulated i n  the  l a s t  years . 

The purpose o f  t h e  present  work i s  t o  s tudy e l e c t r o -  
o p t i c a l  p r o p e r t i e s  o f  monotropic mesogens near the  tempe- 
r a t u r e  o f  phase t r a n s i t i o n  T, from i s o t r o p i c  i n t o  nematic 
s ta te .  Lower temperatures o f  such t r a n s i t i o n  (c lose t o  room 
temperatures) of monotropic LC a re  e x p e c i a l l y  importacit i n  
s tudy ing  r e l a x a t i o n a l  phenomena i n  p r e t r a n s i t i o n a l  tempera- 
ture region. 

1-10 

EXPERIMENTAL 

There were s tud ied  two monotropic nematic l i q u i d  c r y s t a l s  
having the f o l l o w i n g  no lecu la r  s t r u c t u r e  and temperatures 
o f  phase t r a n s i t i o n s :  
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272 E.I. RYUMTSEV AND S.G. POLUSHIN 

c1 
A C6H,3 -@@ COO&CN K 74% N (34.6'C)I 

Ke r r -e f fec t  was s tud ied  by us ing  two o f  t he  above 

Under the  ac t i on  o f  t he  e l w c t r i c  f i e l d  E=E,cosPbftv 
descr ibed exper imental  methods ''-I2 . 
b i re f r i ngence  An appears i n  an i s o t r o p i c  mel t  

~n = 3 E T n  + T n  cos (4wf t  - 8 ) 3  ( I  ) 

Eq. (1) i nc ludes  t h e  constant  (indepeiidunt on t ime t) A n  
and the  harmonica l ly  changing componetrt w i th  the  amp1 i t u d e  
A-n. Recording the  l i g h t  f l ux  9 which passes through t h e  
system of po la r izer -Ker r  ce l l -ana lyzer  a t  d i f f e r e n t  e lec-  
t r i c  f i e l d  fraquendesr one can study t h e  fraquency dvpwi- 
dence o f  bath d n  and r r i  

The t i e r r -e f fec t  was a l so  measured by the  method o f  b i r e -  
f ringence compensation us ing  a r o t a t i o n a l  e l l  i p t i c c t l  
compensntorl2. I n  t h i s  method o n l y  the  constant  nn iso t rapy  
component b n  i s  compensated. I t  enables us t o  measure t h e  
frequency dependence o f  A-n apar t  from A-. Elec t ro -op t i ca l  
e f f e c t  i n  t h i s  case i s  character ized by  thte Kerr  constant  
K = An/E2. The measurements were c a r r i e d  out  by  us ing  both 
methods a t  temperatures T - T,from 8.1 t o  25OK. 

Tho Kerr law was s a t i s f i e d  i n  the  i nves t i ga ted  substarices 
a t  a l l  temperatures and frequencies o f  e l e c t r i c  f i e l d .  The 
s t a t i c  values o f  Kerr  constants  ti,,? which were measured a t  
low frequency (f < 208 Ha) f rom the s lope o f  exper imental  
dependences A n  = y(E ) P iiicreases sharp ly  i n  absolute vuluw 
w i t h  the temperature approaching T,. Th i s  i s  a consequvirce 
o f  increas ing i n t e n s i t y  o f  t h e  order f l u c t u a t i o n s .  Tempe- 
r a t u r e  dependences o f  K O  i n  t he  i s o t r o p i c  phase o f  t h e  
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KERR-EFFECT IN MONOTROPIC NEMATOGENS 273 

i n v e s t i g a t e d  m o n o t r o p i c  s a m p l e s  c a n  be a p p r o x i m a t e d  b y  
L a n d a u  - d e  G e n n e s  d e p e n d e n c e s  ti, - ( T  - T*)-’ ( F i g u r e  1). 
I t  means  t h a t  t h e  t h e r m o d y n a m i c  laws o f  t h e  s t a t i c  e l e c t r u -  
o p t i c a l  p r o p e r t i e s  of m o n o t r o p i c  n e m a t i c s  do iiot d i f f e r  
from t h e  c o r r e s p o n d i n g  laws? t y p i c a l  f o r  e n a n t i o t r o p i c  
1 i q u i d  c r y s t a l s  n e a r  t h e  N-1 p h a s e  t r a o s i t i o n .  

f o r  s u b s t a n c e s  A a n d  tl are g i v e n  i n  F i g u r e  2. Value (p, 
is a f l u x  a t  f ( 2 0 8  Ha. S t r o n g  d i s p e r s i o n  q,/% was f o u n d  
i n  t h e  f r e q u e n c y  r a n g e  u s e d .  F o r  e a c h  s u b s t a n c e s  t w o  fre- 

f r e q u e n c y  (LF) and  h i g h  f r e q u e n c y  (HF) d i s p e r s i o n s  w i t h  
r e l a x a t i o n  times e, a n d  P.. r e s p e c t i v e l y .  F i g u r e  2 s h o w s  
a n  i m p o r t a n t  e x p e r i m e n t a l  f a c t .  A t  t h e  same t e m p e r a t u r e  LF 
d i s p e r s i o n  of S u b s t a n c e  A v l e c t r i c a l  b i r e f r i n g e n c e  a p p e a r s  
a t  t h e  f r e q u e n c i e s  t w o  d e c a d e s  lower  t h a n  s u b s t a n c e  tl LF 
d i s p e r s i o n .  The  same d i f f e r e n c e  c a n  b e  seen i n  t h e s e  s u b -  
s t a n c e s  f o r  HF d i s p e r s i o n  r e g i o n s  of tierr-effect. I n d e p e n -  
d e n t  m e a s u r e m e n t s  of dn w i t h  t h e  r o t a t i o n a l  e l l i p t i c a l  
c o m p e n s a t o r  showed o n l y  o n e  d i s p e r s i o n  r e g i o n  t o  b e  t y p i c a l  
fo r  AT. T h e s e  f r e q u e n c i e s  c o r r e s p o n d  to HF d i s p e r s i o n  

/ e), . The f r e q u e n c y  d e p e n d e n c e s  Qf / <Po arid dn / A T i o  
c o i n c i d e  w i h t i n  a d e q u a t e  a c c u r a c y  ( F i g u r e  2). Howeverr  a t  
r a t h e r  h i g h  f r e q u e n c i e s ?  t h e  r e l a t i o n  A n  / An, 9 u n l i k e  
9 / I c a n  c h a n g e  its p o s i t i v e  s i g n  i n t o  n e g a t i v e  o n e .  So 

t h e  p r e s e n t e d  e x p e r  i m e n t a l  d a t a  show t h a t  t h e  HF d e p e n d e n c e  
of t h e  m e a s u r e d  e f f ec t  is a A n  d i s p e r s i o n  w h e r e a s  t h e  LF 
o n e  is l i k e l y  t o  b e  CuusQd b y  6% d i s p e r s i o n .  

T h e  LF d i s p e r s i o n  of the,  e lec t r ic  b i r e f r i n g e n c e  i n  
p r e t r a n s i t i o n  t e m p e r a t u r e s  r e g i o n  from i s o t r o p i c  i n t o  n e -  
matic p h a s e  i n  e n a n t i o t r o p i c  l i q u i d  c r y s t a l s  is a w e l l  
s t u d i e d  phenomenon 3 t 4 f 8 f 1 0 f  l6 . O r i e n t a t i o n a l  r e l a x a t i o n  of 
d i e l e c t r i c a l l y  a n i s o t r o p i c  “swarms” of a x i a l l y  o r i e n t e d  
m o l e c u l e s r  i.e. m e s o p h a s e  f l u c t u a t i o n a l  n u c l e i ?  a re  r e s p o n -  
s i b l e  f o r  t h i s  e f f e c t .  T h e i r  sites i n  t h e  p h a s e  t r a n s i t i o n  
r e g i o n  can increase g r e a t l y  a s  t h e  t e m p e r a t u r e  f a l l s ,  and it 
is e x h i b i t e d  i n  a s u b s t a n t i a l  d e p e n d e n c e  o f  time P, on T. 
To  a n a l y z e  r e s u l t s  o b t a i n e d  i n  t h i s  work for m o n o t r o p i c  
l i q u i d  c r y s t a l s  o n e  c a n  u s e  t h e  formula which  c o n n e c t s  t h e  
c h a n g e  o f  l i g h t  f l u x  c o n s t a n t  c o m p o n e n t  w i t h  t h e  relaxation 
time 

F r e q u e n c y  d e p e n d e n c e s  of r e l a t i v e  l i g h t  f l u x  T/qo 

q u e n c y  r e g i o n s  of  t h e  d i s p e r s i o n  are t y p i c a l :  low 

f 

c 
f 

el of LF e l e c t r i c  b i r e f r i n g e n c e  d i s p e r s i o n t 0  : 
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214 E.I. RYUMTSEV AND S.G.  POLUSHIN 

-4 -1 
FIGURE 1 Temperature  d a p e n d e n c a s  or KO a n d  Y, 

f o r  s u b s t a n c e  B. 

t 
u -  

1 2 3 4 

Q 
OQ 

0 
I 

6 7 

FIGURE 2 F r e q u e n c y  d a p a n d e n c a s  o f  t h e  l i g h t  f l u x  
( w h i t e  d o t o )  nnd t h e  b i r e f r i n g o n c a  ( b l a c k  
d o t s ) .  Temperature i s  389 K. 
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KERR-EFFECT IN MONOTROPIC NEMATOGENS 21 5 

Taking i n t o  considerat ion the  f a c t  t h a t  f o r  t he  LF reg ion  
An+/A>,= 1 (Figure 2 ) r  the  approximation by Eq. (3) o f  
expetrimentally meawrcd values 3 / 9’ makes i t  poss ib le  to 
determine e, of both substances. A s  an example? i n  t h e  
F igure  1 (a curve) i t  i s  g iven the temperature dependence 
l/T, o f  munotropic nemntogen 8 .  The same dependence i s  a l s o  
obta ined f o r  nematogeri A. I t  i s  t y p i c a l  f o r  the  r e l a x a t i o n  
o f  h i g h l y  cu r re la ted  molecules i n  the  i s o t r o p i c  phase o f  
enan t io t rop i c  LC i nves t i ga ted  i n  the  e a r l i e r  works 3 1 4 i 1 0 ~ 1 3  . 
I n  t h i s  case the LF d ispers ion  i n  the  i s o t r o p i c  phase can 
be connected w i t h  macroscopic v i s c o s i t y  parameters determi-  
ned bLj molecules cooparat ional  r o t a t i o n  i n  t h e  pre t ra r ts i -  
t i o n  temperatures region. A number o f  LC being experimented 
w i t h  I i t  was shown l 3 n t 4  t h a t  t he  connection between dynamic 
parcimeters which a re  above and below the  temperature o f  
phase t r a n s i t i o n  T, can be q u a n t i t a t i v e l y  descr ibed by t h e  
f o l l o w i n g  equat ion 

where T*  i s  a temperature o f  f i c t i t i o u s  phase t r a n s i t i o n ;  L 
i s  a l a t e n t  me l t ing  heat; rl i s  a r o t a t i o n a l  v i s c o s i t y  a t  
the t r a n s i t i o n  temperature. I t  was exper imenta l ly  found 
t h a t  g rea t  d i f f e rence  o f  PI f o r  two inves t i ga ted  substances 
can i n  p r i n c i p l e  be depended on a number o f  f a c t o r s  accor- 
d ing  t o  (4). The Table g ives parameters values contained i n  
Eq. (4). 

TABLE Physica l  parameters o f  the  i nves t i ga ted  
samples. 
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276 E.I. RYUMTSEV AND S.G. POLUSHIN 

Appl ica t ion  o f  t h e  given values q ( T  - T*)r  L and T, 
makes i t  poss ib le  t o  ob ta in  t h e  value o f  r o t a t i o n a l  v isco-  
s i t i e s  f, o f  the inves t iga ted  substances near the  tempera- 
t u r e  o f  the  phase t r a n s i t i o n .  Thus found va1uesb;are a l s o  
presented i n  the  Tabla. They d i f f e r  by  CI f a c t o r  o f  t h i r t y  
f o r  A and B samples. So we may suppose t h a t  the main d i f -  
ference o f  LF r e l a x a t i o n  t imes i s  determined by the p r e t -  
r a n s i t i o n a l  v i s c o s i t y  p r o p e r t i e s  o f  monotropic nematics. 

The HF d ispers ion  o f  e l e c t r i c  b i re f r i ngence  has been 
s tud ied  much less.  The use o f  monotropic substances i n  t h i s  
work f o r  the  f i r s t  t i m e  enabled to measure the  whole 
d ispers ion  curve i n  the  rad iof requancy range and hence t o  
ob ta in  q u a n t i t a t i v e  data o f  the  r e l a x a t i o n  t i m e  f o r  HF' d i s -  
pers ion  C-, as we l l  as the na ture  o f  t h e i r  temperature de- 
pendence an the p r e t r a n s i t i o n  region. Experimental depen- 
dences An =y9(f) (F igure 2 )  correspond to frequency dQpon- 
deiices of d i e l e c t r i c  anisotreapy A&= €/ - El o f  the sub- 
stances inves t iga ted  i n  the  nematic s t a t e  15-16 . This  
correspondence a lso  inc ludes tlie s ign  change from p o s i t i v e  
t o  negat ive a t  HF. It i s  we l l  knowii t h a t  s i m i l a r  dependence 
A E  f o r  LC wi th  t h e  p o s i t i v e  d i e l e c t r i c  an isot ropy 
( E R > &  ) i s  connected w i t h  the  r e l a x a t i o n  o f  t he  l o n g i -  
t u d i n a l  romporient o f  d i e l e c t r i c  constant  which i s  de- 
termined by the  exclusioir  o f  r o t a t i o n  mechanism o f  po la r  
molecules around a s h o r t  cross a x i s  f rom d ipo le  po la r i aa -  
t i o n  o f  LC. Therefore the exper imental  dependence ATf on 
the frequency as w e l l  as LF d ispers ion  reg ion  o f  d i e l e c t r i c  
an isot ropy o f  mesophase can b e  expressed by Debye formula: 

Quan t i t a t i ve  correspondence o f  experimental dependences 
AYr on the  t h e o r e t i c a l  curve frequency (5) enabled to 
detern ine times o f  HF d ispers ion  o f  K e r r - e f f e c t  P2. Thus 
obtained T2 values a r e  presented i n  the  Table and the cor- 
responding temperature dependence T2 f o r  A substance i s  
g iven i n  F igure  3. Here are a l s o  g iven the  temperature 
dependences o f  d i e l e c t r i c  r e l a x a t i o n  t imes i n  the  i s o t r o p i c  
l i q u i d  and L C  tunbrokun s t r a i g h t  lints)" . The values T2 
f o r  that two inves t iga ted  substancas are  d i f f e r e n t  for mor'e 
than 2 dacudcds. I t  f u l l y  corresponds t o  the v i s c o s i t i e s  
d i f f e rences  7 f o r  A and B (see Table) and t o  somewhat 
greater  asymmetry o f  the  f i r s t  sample molecules form compa- 
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- 12 

-14 

3.0 3.2 3.4 

FIGURE 3 T h e  r e l a x a t i o n  t i m e  C 2  o f  HF d i s p e r s i o n  
of t h e  t i e r r - e f f e c t  ( d o t s )  i n  c o m p a r i s o n  
w i h t  t h e  d i e l ec t r i c  r e l a x a t i o n  time 
( l i n e s )  f o r  s u b s t a n c e  A .  

r e d  w i t h  t h e  second one. Molecular o r i e n t a t i o n a l  d i p o l e  
m e c h a n i s m  o f  Kerr-effect HF d i s p e r s i o n  is a s  w e l l  c o n f i r m e d  
not o n l y  b y  t h e  q u a n t i t a t i v e  c o i n c i d e n c e  of times o f  
r e l a x a t i o n  b u t  a lso b y  t h e  c o r r i i t s p o n d i n g  a c t i v a t i o n  ener- 
g i e s  of 18 k c a l / m o l  f o u n d  f r o m  Kerr-effect d i s p e r s i o n  a n d  
from t h e  d i e l e c t r i c  p o l a r i z a t i o n .  X t  s h o u l d  b e  n o t e d  t h a t  
w i t h  t h e  t e m p e r a t u r e  d e c r e a s e  a n d  its a p p r o x i m a t i o n  t o  t h e  
t o m p e r a t u r e  o f  i s o t r o p i c  n e m a t i c  t r a n s i t i o n  T , , t i m e s  Tz 
increase  s h a r p l y r  n o t i c e a b l y  d e f l e c t i n g  from t h e  l i n e a r  
d e p e n d e n c e  w h i c h  is t y p i c a l  f o r  t h e  i s o t r o p i c  p h a s e  f a r  
from T,. I t  is a p p a r e n t l y  t h e  c o n s e q u e n c e  of i n c r e a s i n g  
i n t e n s i t y  of t h a  o r i e n t a t i o n a l  o r d e r  f l u c t u a t i o n s  (meso- 
p h a s e  n u c l e i )  . I n  t h e s e  c o n d i t i o n s  p o l a r  molecules r o t a t i o n  
a r a u n d  t h e  cross a x i s  r e q u i r e s  o v e r c o m i n g  a n  e x t r a  p o t e n -  
t i a l  bar r ie r  w h i c h  is t y p i c u l  far t h Q  s u b s t a n c e s  i n  LC 
S t a h .  
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