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I N T R I N S I C  BAIID SPLITTING IN O P T I C A L  
SPECTRA OF LIQUID CRYSTALS 

V.P.SUGAKOV, S.V.SHIYANOVSKI1 
I n s t i t u t e  for Nuclear  Research,  Ukra in i an  
Academy or' S c i e n c e s ,  Kiev, 252028, USSR 

A b s t r a c t  The i n t e r m o l e c u l a r  i n t e r a c t i o n  e f -  
f e c t  on t h e  l i g h t  p ropaga t ion  i n  u n i a x i a l  
l i q u i d  c r y s t a l s  i s  s t u d i e d  by Green f u n c t i o n  
method. It i s  shown that  d i p o l e - d i p o l e  r e s o -  
nan t  i n t e r a c t i o n  causes  t h e  s p l i t t i n g  and t h e  
shape  de fo rma t ion  o f  i n t r i n s i c  bands. 

INTRODUCTION 

The s t u d y  of i n t r i n s i c  absorption bands p r o v i d e s  
the  u s e f u l  i n f o r m a t i o n  on t h e  i n t e r r i a l  s t r u c t u r e  
and dynamics o f  mo lecu la r  s y s t e m .  O p t i c a l  p r o -  

however t h e  spec t roscopy  of LC i s  p o o r l y  inves -  
t i g a t e d  y e t .  

T h i s  work d e a l s  w i t h  t h e  p e c y - l i a r i t i e s  o f  
i n t r i n s i c  a b s o r p t i o n  bands,  t h a t  a r e  caused by 
i n t e r m o l e c u l a r  i n t e r a c t i o n .  I n t e r m o l e c u l a r  i n t e r -  

p e r t i e s  of  l i q u i d  c rys ta l s  ( L C )  are wide ly  used 1 , 

a c t i o n  c o n s i s t s  or" two terms:  s t a t i c  i n t e r a c t i o n  
which changes molecu la r  e x c i t a t i o n  energy  and 
r e s o n a n t  one a s s o c i a t e d  w i t h  e x c i t a t i o n  t r a n s f e r  
between molecules .  The d i p o l e - d i p o l e  t e r n  of the 
r e s o n a n t  i n t e r a c t i o n  i s  long-range ( N R  

t h e  c o n t r i b u t i o n  or" d i s t a n t  molecules  is e s s e n t i a l .  
C a l c u l a t i o n  by Green f u n c t i o n  method w i t h i n  t h e  

and -3 ) 
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1x1 V.I. SUGAKOV AND S.V. S H I Y A N O V S K I I  

adiabatic 3pprO:iim: L ~ . . O L ~  showed that i n t r i n s i c  
band s p l i t t i n g  should be observed i n  un iax ia l  LC 2 

( t h a t  i s  an  analog of Davydov s p l i t t i n g  in mole- 
c u l a r  c r y s t a l s  ). 

DISPERSION OF PERMITTIVITY 

Let us  cons ider  e lectromagnet ic  wave propagation 
i n  u n i a x i a l  LC. We s h a l l  suppose tha t  the  system 
may be d iv ided  i n t o  two subsystems: one quantum, 
inc luding  the e l e c t r o n i c  e x c i t a t i o n s  and the 

in t ramolecular  v i b r a t i o n s ,  and one c l a s s i c a l ,  in-  
c luding  the  t r a n s l a t i o n a l  and r o t a t i o n a l  molecular  
motion. The Hamiltonian of  t he  quantum subsystem 
i n  t h e  adiabatic approximation may be w r i t t e n  

where B& and Bnf are,  r e spec t ive ly ,  the c r e a t i o n  
and a n n i h i l a t i o n  opera tors  f o r  a n  e x c i t a t i o n  of 
type f a t  the molecule n ,  Erlf is  the  energy of 
that e x c i t a t i o n .  The matr ix  element of the reso- 
nant i n t e r a c t i o n  i s  approximated by d ipo le -d ipo le  

d i s  the  d ipo le  moment of t he  t r a n s i t i o n  of rno- -rlf 
l e c u l e  n i n t o  exc i ted  s ta te  f, and gml i s  the 
vec to r  from molecule n t o  molecule m, The quanti-  
t i e s  Enf and Mm depend on the variables of the  
c l a s s i c a l  subsystem. 

f g 
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OPTICAL BAND SPLITTING I N  LIQUID CRYSTALS 121 

The propagation of an electromagnetic wave 
w i t h  vector  Q and frequency w may be described by 
means of the transverse permi t t iv i ty  tensor ,  whose 
components a re  given i n  terms of Fourier transform 
of the retarded Green funct ion by 

where the brackets (..., denote averaging over 
the c l a s s i c a l  var iab les .  

The expression f o r  &.. is somewhat d i f f e r e n t  
from those generally used! s ince a d i f f e r e n t  de- 
f i n i t i o n  of Green function is more s u i t a b l e  here,  
whereby i t  s a t i s f i e s  the equation 

L 

w i t h  
‘LB * Enf d B  

dnfdnf un ( w )  = - 4TTz 
f h2w2- E:f 

v being the volume f o r  one molecule. 
Assuming tha t  the main contr ibut ion to  the sum 

over m i n  E q . ( 4 )  comes from molecules a t  a d i s -  
tance exceeding the co r re l a t ion  radius ,  one can 
average independently the quant i t ies  depending on 
n and m. One then o b t a i n s  

where 
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I22 V . I. SUGAKOV AND S . V. SHIYAI'JOVSICII 

and L" a re  t h e  components o f  Lorentz  t e n s o r .  - 

The method of  f r equency  mocients was used 4. 

arid t h e  diagram technique  was developed5 t o  t a k e  
c o r r e l a t i o n s  i n t o  accoun t .  Diagram sunmations 
r e s u l t e d  in a convergent  s e r i e s .  The f i rs t  term o€ 

t h i s  s e r i e s  c o i n c i d e s  w i t h  t h e  s o l u t i o n  o f  E q . ( 7 ) .  

IN TIZIFJ SIC ABS OKPTI ON BAND S PLI  TT ING 

We shall c o n s i d e r  t h e  o p t i c a l  p r o p e r t i e s  o f  LC a t  
Pi-equencies c l o s e  t o  an i s o l a t e d  a b s o r p t i o n  band 
of  L o r e n t z i a n  form, f o r  which the  d i p o l e  moment d 

of t h e  co r re spond ing  t r a n s i t i o n  i s  p a r a l l e l  t o  
t h e  long  molecular axis.  IT t h e  c o n t r i b u t i o n  of 
Lhe o t h e r  l e v e l s  i s  assumed independent  of fre- 
queiicy in t h e  a b s o r p t i o n  r e g i o n ,  we d e r i v e  expre-  
ssio::s for t h e  diagonal components or" t h e  t e n s o r  

-P 

U(W) = < u r p 0 >  : 

aiid S i s  t h e  o r d e r  parameter .  

the o r i e n t a t i o n  dependence of the s t a t i c  and 
d i s p e r s i v e  i n t e r a c t i o n s  . 

The d i f i ' e r ence  between i vy  and w?, i s  due t o  

6 

Using Z q s .  ( 3 )  and ( 7 ) ,  we e a s i l y  f i n d  the 
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OPTICAL BAND SPLITTIIJG ITJ  LIQUID CiiYSTALS 123 

d i a g o n a l  components k l ( w )  and E,,(w) o f  t h e  per -  
x i t t i v i t y  t e n s o r ,  which are t h e  same as those  of 
t h e  t r a n s v e r s e  t e n s o r  i f  t he  wave v e c t o r  i s  per-  
p e n d i c u l a r  t o  t h e  d i r e c t o r  

where 
T T  0 

A s  follows from Eq.  (14 ) ,  the a b s o r p t i o n  naxi- 
m a  mismatch i n  two p o l a r i z a t i o n s  (P ig .  1 ) .  The 
p h y s i c a l  n a t u r e  o f  t h i s  s p l i t t i n g  may be exp la ined  
i n  t h e  f o l l o w i n g  way. The main c o n t r i b u t i o n  t o  
t h e  ordinary wave a b s o r p t i o n  i s  g iven  by the 1110- 

l e c u l e s  which are s t r o n g l y  d i s o r i e n t e d  r e l a t i v e  
t o  the d i r e c t o r ,  whereas t h e  weakly d i s o r i e n t e d  
molecules  i n t e r a c t  w i t h  t h e  e x t r a o r d i n a r y  wave. 
S ince  t h e  e x c i t a t i o n  t r a n s f e r  i n t e r a c t i o n  depends 
or1 t h e  molecu la r  o r i e n t a t i o n ,  t h e  a b s o r p t i o n  band 
sh i i ' t s  d i f f e r  i n  t h e  two p o l a r i z a t i o n s .  The 
s p l i t t i n g  va lue  i s  p r o p o r t i o n a l  t o  the  o s c i l l a t o r  
s t r e n g t h  and depends on the o r d e r  parameter  arid 

Lorentz  t e n s o r .  It i s  obvious  that; t h i s  s p l i t t i n g  
d i s a p p e a r s  i n  t h e  i s o t r o p i c  phase.  
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124 V . I .  SUGAKOV AND S.V. S H I Y A N O V S K I I  

FIGURE 1. Absorption band s p l i t t i n g  i n  un iax ia l  
l i q u i d  c r y s t a l s  due t o  resonant i n t e r a c t i o n .  
W ~ ' = W ; = W ~ ,  €:= c,7=2.5, S=O.75, LL=Lll=1/3,  A=2y.  
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