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TIME V A R I A T I O N  OF ENERGY I N  C O L L I D I N G  SOLITONS I N  
POLYACETYLENE 

K A O R U  I G U C H I  
Department: o f  c h e m i s t r y ,  Waseda U n i v e r s i t y ,  Tokyo , Japan  

A b s t r a c t  Time v a r i a t i o n  of  e n e r g y  and  number o f  s o l i -  
t o n s  i n  c o l l i d i n g  p r o c e s s  a r e  examined i n  p o l y a c e t y l e n e .  
I t  i s  s t r o n g l y  dependen t  on t h e  s o l i t o n  v e l o c i t y ,  b u t  
weakly on t h e  s o l i t o n  wid th .  

THEORY 

From t h e  c a n o n i c a l  t r a n s f o r m a t i o n  o f  SSH H a m i l t o n i a n  w e  
have  t h e  e l e c t r o n i c  p a r t  HS a s  

+ a H s  = C(Bt Ak2)a' a --& F a' 
K k k 2Nkik, k3-k, akrak3 kL-k, 

I n  t h e  c o h e r e n t  s t a t e  r e p r e s e n t a t i o n  t h e  t w o - s o l i t o n  func -  
t i o n  i s  g i v e n  by d , ( x , t ) t O ( L ( x , t )  where 1 

d x , t ) = K s e c h ( 2 < ( x -  x o - 4 c ~ ) ) e x p i ( 2 c x -  4 ( c  2 2  - 4  )7;tO] ( 2 )  

c =  A t / +  and  t h e  t o t a l  e n e r g y  as 

E =@,to(LIH slb(,+cC$ 

= z / d q n q ( B +  Nd As2) -&& ILX,(x, t )  + X . ( x ,  t )  l 4  ( 3 )  

= B N ~  t  AN^ - J-ssc o r  S A C ,  5 = i/ ( 2 5 )  4 4  
where Ns, N k  and  SSC(SAC) c o r r e s p o n d  t o  s o l i t o n  number ,k in -  
e t i c  and  c o r r e l a t i o n  e n e r g i e s .  Two s o l i t o n s  a r e  l o c a t e d  
a t  x= ix ,  a t  r=O, and c o l l i d e  a t  ~ 0 ( = x 0 / 4 c ) .  cl= - c  = c .  
We c o n s i d e r  two k i n d s  o f  p a i r ;  s o l i t o n - s o l i t o n ( S S ) ,  and  
soliton-antisoliton(SA). C o r r e s p o n d i n g l y  we p u t  Ns= SSN o r  

SAN, N k =  SSQ o r  SAQ i n  F i g u r e s .  

RESULT A N D  DISCUSSION 
By n u m e r i c a l  c o m p u t a t i o n  w e  exsmined  t h e  c o n s t a n c y  o f  e n e r -  

gy and  number of s o l i t o n s  i n  c o u r s e  o f  t i m e  O-T,. The beha-  
v i o r s  o f  s t a t i c  ( number ) ,  k i n e t i c  a n d  c o r r e l a t i o n  e n e r g i e s  
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304 K. IGUCHI 

E ( S S )  N S  
. .  - -- .. - ._ 

0.9 1 .0  
1 

AL CD r / T o =  0 

3 6.010 5.933 2.00,  

3 5  5.344 5.273 2.00 

7 5.166 5.109 2.00 

3 I 5 .050  5.573 2.5.4 
1 5 '  4.999 5.892 2.54 

- 

a r e s h o m i n  T a b l e  I and F i g u r e s  1 3 .  I t  i s  f o u n d  t h a t  t h e  
t i m e  v a r i a t i o n  i s  s t r o n g l y  d e p e n d e n t  on A L ( =  2 c S - s o l i t o n  
v e l o c i t y x w i d t h ) ,  a n d  small f o r  l a r g e  AL, b u t  r e m a r k a b l e  
f o r  s m a l l  AL. A l s o  i t  i s  v e r y  weakly  d e p e n d e n t  on GD(=#/d-  
s o l i t o n  w i d t h ) .  

The r e a s o n  t h a t  t h e  c o n s t a n c y  o f  e n e r g y  d o e s  n o t  h o l d  

w i l l  be  b e c a u s e l a ,  f dL) i s  n o t  a n  e x a c t  e i g e n f u n c t i o n  o f  
Hs. The employed p a r a m e t e r s  a r e  n o t  e x a c t  enough,  which 
may c a u s e  some c o m p u t a t i o n a l  e r r o r .  A l s o  t h e  s e p a r a t i o n  o f  
e l e c t r o n i c  and  l a t t i c e  p a r t s  i s  n o t  e x a c t  quantum-mechani-  
c a l l y ,  b e i n g  of  t h e  o r d e r  o f  s q u a r e  o f  e l e c t r o n  phonon cou-  
p l i n g  t h r o u g h  which  t h e  s u r p l u s  o r  d e f f i c i e n t  e n e r g y  i s  
t r a n s f e r r e d  t o  and  from t h e  l a t t i c e .  

The l a r g e  s o l i t o n  v e l o c i t y  means t h e  s m a l l  e l e c t r o n - p h o -  
non c o u p l i n g .  I n  t h i s  c a s e  t h e  s o l i t o n  i s  a l m o s t  a n  e x c i t o n  
which r u n s  s c a t t e r i n g  phonons .  C o n t r a r y ,  t h e  small s o l i t o n  
v e l o c i t y  means t h e  l a r g e  e l e c t r o n  phonon c o u p l i n g .  I n  t h i s  
c a s e  t h e  s o l i t o n  i s  a l m o s t  a t r a p p e d  p o l a r i t o n .  Some a u t h -  
o r s "  3have e s t i m a t e d  t h e  s o l i t o n  v e l o c i t y  i n  p o l y a c e t y l e n e  

as v s o l '  2 '6Vsound and 'sound 
' s o l =  2 0 0 v s o u n d '  
which  l i e  i n  t h e r e g i o n  o f  o u r  a s s u m p t i o n ;  AL= 3,  1, 0.5. 

6 
= 1 . 8 5 ~ 1 0  cm/s. S o ,  w e  t a k e  

t h e n  w e  have  A L =  1.06(GD= 7 ) ,  0.75(GD= 5 )  

By t h e  scheme o f  Ruckh e t  a1  4 t h e y  have  vsol< vsound.  T h i s  

i s  t h e  s t r o n g  c o u p l i n g  c a s e .  

T a b l e  I .  V a r i a t i o n s  o f  t o t a l  e n e r g y  E and  s o l i t o n  number 
Ns w i t h  t i m e .  E i n  2 .50 eV. N s =  2 . 0  a t  = 0 .  

E ( S A )  NS 

0 0.9 1 . 0  

6.010 5.933 2.00 
5.344 5.270 2.00 
5.166 5.103 2.00 

5.050 4.370 1 .55  
4.980 3.95.4 1.55 4.;: I 4.988 6.045 2.54 

4.960 6.911 3.37 
4.992 3.809 1 .55  
4.960 2.821 0.63 

I 
0 . 5  51 4.964 7.612 3.37 1 7 1  4.978 7.897 3.37 

4.969 2.138 0.63 
4.968 1 .899 0.63 
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4 1 . 3  

'Fij.2 KINETIC hFJfRG7 
A L  = 3  
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