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Resume - Le r d l e  des cor re la t ions  electroniques e s t  important dans l a  
l e v e e d e s  deg6n6rescences des modeles monoelectroniques. Les in te rac t ions  
electron-electron independantes du spin son t  in t rodui tes  dans l ' a n a l y s e  
Pariser-Parr-Pople (PPP) exacte de l ' absorp t ion  a mi-gap (Eq/2) des polyenes 

impairs de longueur f i n i e  dont 1 ' @ t a t  fondamental doublet e i t  associe  aux 
s o l i t o n s  neutres du modele Su, Schr ie f fe r ,  Heeger (SSH). Contrairement 
au modele monoelectronique, l a  degenerescence de la t r a n s i t i o n  a E,/2 e s t  

levee e t  seule  l a  t r a n s i t i o n  vers un @ t a t  proche de Eg e s t  permise-tandis 

que l 'absorpt ion non degeneree a E /2  des s o l i t o n s  charges n ' e s t  pas 
4 

modifiee par l e s  cor r@la t ions  electroniques.  Ainsi ,  1 'absorpt ion ii Eq/2 

e s t  dominee par l es  s o l i t o n s  charges. Ce modele permet donc de d e c r i r e  
qual i ta t ivement  l e s  modifications du spec t re  d 'absorpt ion des polyacetylenes 
sous 1 ' e f f e t  d 'un leger  dopage. 

Abstract - Electronic cor re la t ions  a r e  important when they l i f t  degeneracies 
of one-electron models. Spin-independent electron-electron in te rac t ions  a re  
examined through exact  Pariser-Parr-Pople (PPP) ana lys i s  of midgap absorp- 
t ion  (E9/2) of f i n i t e  odd polyenes, whose doublet ground s t a t e  i s  associated 

with neutral  s o l i t o n s  of Su , Schr ie f fe r ,  Heeger (SSH) . The e lec t ron ic  corre-  
l a t i o n s  l i f t  the  two-fold generacy of t h e  Eo/2 absorption and a l l  the dipole  

J 

i n t e n s i t y  goes t o  the  upper s t a t e  close t o  E, while the non-degenerate 

t r a n s i t i o n  a t  E,/2 of charged s o l i t o n s  a r e  by cont ras t  i n s e n s i t i v e  t o  

e l e c t r o n i c  cor re la t ions .  Thus, charged s o l i t o n s  dominate the  absorption 
around E /2. The observed var ia t ions  of adsorption spectra  i n  (CH), upon 

9 
l i g h t  doping a r e  q u a l i t a t i v e l y  explained by t h i s  model. 

The physical propert ies  of conducting polymers, p r inc ipa l ly  polyacetylene (CH), a r e  
n 

of intense current  i n t e r e s t  '['I]. The conductivity i s  increased by several orders  of 
magnitude upon l i g h t  doping. A general theore t ica l  model i s  s t i l l  lacking. The topo- 
logical  s o l i t o n s  introduced by Su, Schr ie f fe r  and Heeger 121 do not f i t  the observa- 
t i o n  of qua1 i t a t i v e l y  s imi la r  doping e f f e c t s  in  polyparaphenylenes 131 whose non- 
degenerate ground-state excludes topological sol i  tons. 

The SSH model of t r a n ~ ( C H ) ~  cons i s t s  of the Huckel hani l tonian 
+ + 

= 0 tp(apo "+lo + ap+lo  ) 
pa 

and t i s  l o c a l l y  modulated t o  obtain a lower energy. The a l t e r n a t i o n  of polyenes 
P 

has long been discussed through Huckel theory : the ground s t a t e  of an i n f i n i t e  
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chain a1 te rna tes  between double and s ing le  bonds [4] (Fig. l a ) .  Topological s o l i t o n s  
a r e  delocal ized f r e e  rad ica l s  connecting segments with opposite a l t e r n a t i o n  : s o l i -  
tons extend over 15 carbon atoms before the  a l t e r n a t i o n  r e v e r t s  t o  t ( l  + x )  on the  
l e f t  and t ( l  r x)  on t h e . r i g h t  (Fig. lb ) .  As indicated i n  Fig. 2, the  non-bonding 

+ s t a t e  (0 > (Fig. l c )  is  s ing ly  occupied, empty, doubly occupied f o r  S, S and S- 

respect ively.  The charged s o l i t o n s  S+ or  S- a r e  diamagnetic (Fig. Id ) .  

Fig. 1 - VB diagrams f o r  even and odd polyenes. 

In Fig.  2, E i s  t h e  op t ica l  gap of 41t lx i n  the  i n f i n i t e  polyene, which i s  around 
9 

1,5 eV i n  t r a n s  The midgap adsorptions of neutral  s o l i t o n s ,  S, a r e  dipole  

allowed and doubly degenerate. On t h e  o ther  hand, charged s o l i t o n s  e x h i b i t  a nonde- 
generate t r a n s i t i o n  a t  E /2  w i t h  t h e  same i n t e n s i t y  i n  the  usual zero-different ial  

9 
overlap approximation 

Even Odd 

N=2n N=2n+l  

Fig. 2 - Band s t r u c t u r e  i n  the Huckel l i m i t  f o r  long, a1 te rna t ing ,  even and odd 
polyenes. Neutral and charged s o l i t o n s  a re  associated with t h e  ground s t a t e  of 
neutral and ionized odd chains. 

The ZDO approximation leads t o  introduce electron-electron cor re la t ions  v i a  the 
PPP hamil tonian 



where the number operator n = 0,1,2 corresponds to c', C ,  C- s i t e s  respectively. 
P 

VB diagrammatic method [5] i s  convenient to compute eigenvalues of % and to corre- 
l a t e  eigenstates with V B  diagrams such the ones of Fig. 1 for f i n i t e  polyenes.Exact 

PPP transit ion energies are plotted in Fig. 3 as a function of N-I for even (Nc 10) 
and odd segments ( N c 7). The size of the complete CI matrix par N = 10 i s  around 
5000 for  each subspace of spatial  and electron-hole symmetries [5]. 

Fig. 3 - Exact PPP excitation energies and dipole selection rules for  neutral and 
ionized polyenes as a function of inverse length, normalized to the optical gap of 
the in f in i t e  al ternating chain, (E, (m) = 3.0 eV). Standard Ohno parameters were 
used. 

The intercept of 3.0 eV, the predicted absorption peak a t  N + i s  about 1.1 eV 
above the trans (CH)x peak a t  1.9 eV. This extrapolation i s  hardly perfect, as seen 
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from Fig. 7 of Reference 5 where t h e  observed absorption energies  of f i n i t e  polyenes 
~ o i n t  t o  model the  t r a n s i t i o n  as  

E = E (.I) + ~ t 4 - l  t N N - 2  
9 9 

This formula would lead to decrease the ca lcu la ted  Ea(-) but need longer chains cal-  
< 

culat ion f o r  improved extrapolat ions.  

The e l e c t r o n i c  cor re la t ions  have no e f f e c t  on t h e  nondegenerate t r a n s i t i o n  of char- 
ged s o l i t o n s .  This t r a n s i t i o n  remains around Eq/2 a s  seen i n  Fig. 3. On the  o ther  

hand, e lectron-electron i n t e r a c t i o n s  have d r a s t i c  e f f e c t  on the  degenerate t r a n s i -  
t i o n  of S. The plus and minus l i n e a r  combinations of the  S l a t e r  determinants f o r  
the  I 0 > +I1 > and 1-1 > + 10 > t r a n s i t i o n s  i n  Fig. 2 a r e ,  respec t ive ly ,  odd and 
even [6j. All the  dipole  o s c i l l a t o r  s t rength a t  E /2 f o r  a neutral s o l i t o n  goes 

9 
with the  plus combination which c o r r e l a t e s  with a C+C- p a i r .  The forbidden t r a n s i -  
t ion  t o  the  minus s t a t e  c o r r e l a t e s  with purely covalent diagrams i n  t h e  atomic l i m i t  
(Up + m), and dipole t r a n s i t i o n s  cannot occur without charge rearrangement. ?Je show 

i n  Fig. 3 t h a t  t h e  allowed t r a n s i t i o n  of S f a l l s  s l i g h t l y  below E while the  forbid-  
9 

den t r a n s i t i o n  i s  < E /2. The PPP-Ohno parameters suppress midgap absorption by 
9 

neutral s o l i t o n s .  Associating a l l  i n t e n s i t y  around E / 2  with charged s o l i t o n s  i s  
9 

cons i s ten t  with s i g n i f i c a n t  spec t ra l  changes 173 a t  dopant l eve l s  of ?. per 
carbon, we1 1 below ?. 3 x per carbon based on epr .  In the  SSH model , such 

l i g h t  doping converts S t o  st and t h e i r  equal midgap i n t e n s i t i e s  imply no spectral  
changes. Photogenerated gap s t a t e s  [8] i n  (CH), a l s o  appear cons i s ten t  with S ab- 

sorpt ion c lose  t o  E and weaker S+ signal  below E /2. 
9 9 
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