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INFLUENCE OF INTERCHAIN COUPLING ON THE SOLITON 
CONFINEMENT IN ( C H ) ,  

D .  BERTHO,  J.P. ALBERT and C .  JOUANIN 
Groupe d '  Etudes des Semi -conducteurs 
Universi t 6  des Sciences e t  Techniques du Languedoc 
34060 Montpellier, France. 

Abstract We report here a study of the interchain contribu- 
tion to  the soli ton confinement which takes fu l ly  into account 
the discreteness of the l a t t i ce .  We consider a system of pa- 
ra l le l  ( C H ) ,  chains coupled by an  interchain electron hopping 
term between nearest neighbours and study the si tuation where 
two sol i tons,  located on the same chain, are separated by a 
distance d .  Making use of S.S.H. model, we obtain the confi- 
nement energy for  a l l  d values. Consequences of the interchain 
coupling on the localization of soli tons are examined. 

INTRODUCTION 

Polyacetylene, (CH) ,  has be n the focus of great in te res t  since Su ,  

t i e s  can be understood in terms of topological soli tons originating 
from the electron l a t t i ce  coupling. This suggestion has received 
considerable experimental support from magnetic, e l ec t r i c  and op- 
t ica l  measurements. However some interactions are not taken into 
account in th i s  model, as ,  for  instance, the interchain coupling. 
Although th is  interaction i s  weak, i t  cannot be ignored because, 
on one hand, i t  may have some effect  on the transport processes 
which are essent ia l ly  three dimensional and,  on the other hand ,  i t  
i s  a t  the origin of the three dimensional ordering of the chains 
whose existence i s  suggested by a recent X-ray scattering experi- 
ment3. Recently, Baeriswyl and Maki4 have investigated the e f fec t  
of the interchain hopping term on the ordering of the dimerization 
pattern and have calculated in the continuum approximation the con- 
finement energy of  sol i tons,  supposing t h a t  the two soli tons are  
located on neighbouring chains. Other interchain interactions were 
also considered by Baughman and Moss5 and Jeyadev6. 

gy for  solitons on the same chain in the discrete  model. 

FIODEL A N D  METHOD 

Let us consider two neighbouring in f in i t e  ( C H ) x  chains 1 and 2 pa- 
ra l le l  t o  each other and described individually by the SSH 

Schrieffer and Heeger (SSH) f and Rice2 have argued that  i t s  proper- 

The object of th i s  paper i s  t o  determine the confinement ener- 
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hami 1 t o n i  an. 

h r5 
where i denotes the chain index ( i  = 1 o r  2). Ci ’ ( C i Y s )  creates 
(ann ih i l a tes )  a n e lec t ron  w i t h  sp in  s a t  the s i t e  n, o f  the chain 
i, Un i s  the con f igu ra t i on  coordinate descr ib ing  the  displacement 
o f  s i t e  n along the  symetry ax i s  of the chain. K denotes the  e f fec -  
t i v e  sping constant associated w i t h  (5 bonds. The t r a n s f e r  i n t e g r a l  
tn,n+l i s  expanded as usual t o  f i r s t  o rder  about the undimerized 
s ta te  

n,s 

where c1 i s  the e lec t ron  phonon coupl ing constant.  Because o f  the 
Pe ie r l s  d i s t o r t i o n  the ground s t a t e  o f  each i s o l a t e d  chain i s  an 
uni form dimerized s t a t e  descr ibed by : 

un = 2 ( - l ) n  uo 

where the plus o r  minus signs correspond t o  the  two poss ib le  dege- 
nerate phases A and B.  The values o f  the  var ious parameters have 
been taken t o  be the same as i n  SSH1, 

We f u r t h e r  assume t h a t  these two chains are coupled by an i n -  
te rcha in  hopping term. 

It i s  f i r s t  important t o  note t h a t  the con f igu ra t i on  ( A - B )  f o r  the 
two chains system i s  favor ised  by 6E = t2 / 7 to per CH group over 
the conf igura t ion  A-A o r  B-B. This r e s u l t ,  which may be obtained 
r e a d i l y  by a d i r e c t  ca lcu la t ion4,  i s  cons is ten t  w i t h  the  recent  
X-ray s t ruc tu re  data o f  Fincher3. Therefore, i f  we consider two 
chains i n  t h e i r  ground s t a t e  s t ruc tu re  A-B and i f  a so l i ton-an t iso-  
l i t o n  p a i r  i s  created on a chain, B f o r  instance, i t  appears a re -  
gion o f  A-A type which i s  ene rge t i ca l l y  unfavorable, and which 
leads t o  a confinement o f  the so l i t ons .  We s h a l l  now evaluate t h i s  
confinement energy. For t h a t  purpose l e t  us descr ibe the  bound a l -  
t e rna t i on  f o r  two s o l i t o n s  separated by a distance d by the f o l l o -  
wing t r i a l  func t ion .  

n n t d/2 u n = (-1) u 0 tanh (q) tanh (- a )  

where R , the h a l f  w id th  o f  the s o l i t o n  i s  determined by minimizing 
the t o t a l  energy o f  the system f o r  each d value. 

The confinement energy Ec(d) o f  the  two s o l i t o n s  i s  then d e f i -  
ned as the v a r i a t i o n  o f  the s o l i t o n  format ion energy Es due t o  the 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
48

 2
0 

Fe
br

ua
ry

 2
01

3 



INFLUENCE OF INTERCHAIN COUPLING ON THE SOLITON 211 

interchain coupling 

E,(d) = Es (tJ - ES(0) 

The electronic part of the soli ton formation energy 

where E F  denotgs the Fermi energy. The variation of 
s ta tes  i s  given by : 

i s  obtained 

the density of 

N ( E )  = - ?r 1 Im Tr [Gs(E) - Go(E)] 

G s ( E )  i s  the Green's function of the two chains systems w i t h  a so- 
l i ton-antisoli ton pairlocated on one chain while Go(E) i s  the 
Green's function of the system without soli tons.  

and thus on the charge of the soli tons.  We consider here the confi- 
guration involving a neutral soliton and a charged ant isol i ton,  
which leads t o  a polaron formation as d + 0. 

RESULTS AND DISCUSSION 
The fundamental parameter of the model i s  the interchain transfer 
integral t l  . We have taken tJ = 25 meV according t o  the three di-  
mensi onal band structure calculated by Grant  and Batra7. 

The numerical calculation of the confinement energy has been 
performed for  several values of the distance between the two so l i -  
tons. The resulting values of Ec(d) are plotted in Figure 1.a. 
For large d ,  the solitons do n o t  in teract  and the confinement ener- 
gy i s  l inearly dependent on the distance d .  When theirseparation 
decreases, t h i s  energy decreases slowly towards a limiting value 
which corresponds to  the confinement energy of the polaron. T h e  in- 
terchain coupling has in f ac t  two kinds of consequences. On one 
hand ,  i t  leads t o  a modification of the valence band and  on the 
other hand,  i t  introduces a sh i f t  of the soli ton levels in the gap.  
For large distance between solitons the main p a r t  of the confinement 
energy originates from the valence b a n d  deformation while for  short 
distances, only the variation of the gap levels contribute signi-  
f icantly.  To get a better i n s i g h t  into the variation of the confi- 
nement energy we have plotted i n  Figure 1.b. the confinement ener- 
gy per (CH) group cc(n) as a function of n ,  the number of groups 
separating the soliton from the antisoli ton.  This energy i s  seen t o  
increase with n until i t  reaches a limiting value for  large n .  This 
limiting value i s  found t o  be equal t o  0.114 meV i n  ful l  agreement 
with the analytical resul t  b E  = t2 / r to  below th i r ty  ( C H )  groups 
E C ( n )  decreases. This implies t h a t  the confinement energy decrea- 
ses with d not only because the number of s i tes  decreases, b u t  a l -  
so because the contribution of each s i t e  weakens. 

The electronic energy depends on the occupancy of the levels 
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9, 04 
FIGURE 1 a) Confinement energy versus the  distance between 

b) Confinement energy per s i t e  versus the  d i s tan -  
s o l i t o n s  i n  3-D (CH), c r y s t a l .  

ce between so l  i tons. 
The three dimensional t ranspolyacetylene c r y s t a l  can be considered 
as formed by p a r a l l e l  chains, each chain having f o u r  near-nearest 
neighbors. We may ob ta in  an es t imat ion  o f  the  confinement energy 
by tak ing  f o u r  times the values p l o t t e d  i n  F igure  1 f o r  two chains. 
The corresponding value f o r  l a rge  distances i s  found t o  be about 
4°K which confirms t h a t  s o l i t o n s  are f r e e  t o  d i f f u s e  over a g rea t  
number o f  s i t e s ,  lead ing  i n  p a r t i c u l a r  t o  photoconduct iv i t y  ef fects.  
Although the  model considered here i s  h i g h l y  s i m p l i f i e d ,  f o r  exam- 
p l e  because o f  the  zig-zag s t ruc tu re  o f  the  (CH)x chains a modula- 
t i o n  o f  tr. should be introduced, i t  i s  f e l t  t h a t  the r e s u l t  ob ta i -  
ned i n  t h i s  work should n o t  be s i g n i f i c a n t l y  modif ied.  
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