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EFFECT OF INTERSITE COULOMB INTERACTIONS ON THE PEIERLS STATE 

M .  AVIGNON 
LEPES - CNRS, B.P. 166,  38042 Grenoble  Cedex, F rance  
C .  BALSEIRO 
Centro Atomic0 B a r i l o c h e ,  8400 B a r i l o c h e ,  A r g e n t i n a  

A b s t r a c t  We p r e s e n t  a real  s p a c e  r e n o r m a l i z a t i o n  group b loc -  
k i n g  method (RGB) s t u d y  of t h e  e f f e c t  of  i n t e r s i t e  Coulomb re- 
p u l s i o n  on a d imer i zed  cha in  ( 1 / 4 - f i l l e d  band) i n  t h e  l i m i t  of  
s t r o n g  i n t r a s i t e  i n t e r a c t i o n .  

I n  many one-dimensional c o n d u c t o r s ,  t h e  s m a l l n e s s  of t h e  conduc t ion  

bandwidth h a s  l e d  t o  c o n s i d e r  t h e  r o l e  o f  t h e  Coulomb i n t e r a c t i o n s  

on t h e  P e i e r l s  t r a n s i t i o n .  Controversy s t i l l  p e r s i s t s  on whe the r  

o n - s i t e  i n t e r a c t i o n s  may be  l a r g e ’ ”  o r  small3 compared w i t h  t h e  

bandwidth.  Recen t ly  Mazumdar & Bloch4 have shown t h a t  t h e  magnitu- 

d e  o f  e f f e c t i v e  sho r t - r ange  Coulomb i n t e r a c t i o n s  depends s t r o n g l y  

on band f i l l i n g  and may be  l a r g e  f o r  1 / 2 - f i l l e d  and 1 / 4 - f i l l e d  

bands.  For s t r o n g  i n t r a - a t o m i c  r e p u l s i o n  U(U -+ 0 3 ) ,  the  1 / 4 - f i l l e d  

band system i s  known5 t o  be  e q u i v a l e n t  t o  a s p i n l e s s  1 / 2 - f i l l e d  

band and p r e s e n t s  a P e i e r l s  i n s t a b i l i t y  w i t h  wavelength A = 2 a .  

T h i s  d i m e r i z a t i o n ,  as opposed t o  t h e  h = 4 a  i n s t a b i l i t y  expec ted  

i f  c o r r e l a t i o n s  were n e g l e c t e d ,  can b e  c o n s i d e r e d  a s  e v i d e n c e  f o r  

s t r o n g  U. It is known t h a t  a number of 1:2 TCNQ sal ts ,  e .g .  TEA-, 

DTC-, MEM- (TCNQ)2, w i t h  a 1 / 4 - f i l l e d  band p r e s e n t s  d imer i zed  

c h a i n s  o f  TCNQ. I n  t h i s  s i t u a t i o n ,  i t  is of i n t e r e s t  t o  s t u d y  t h e  

r o l e  of i n t e r s i t e  Coulomb r e p u l s i o n .  Nearest ne ighbor  r e p u l s i o n  G 

is c e r t a i n l y  t h e  n e x t  dominant i n t e r a c t i o n  t o  t a k e  i n t o  accoun t .  I f  

s u f f i c i e n t l y  s t r o n g ,  t h i s  i n t e r a c t i o n  a l s o  t e n d s  t o  produce a pe- 

r i o d i c i t y  2a : a cha rge  o r d e r e d  s ta te .  Hence, i n t e r f e r e n c e  w i l l  oc- 
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I80 M. AVIGNON AND C. BALSEIRO 

cur  between t h e  two types  of  i n s t a b i l i t i e s .  In  t h e  uniform c h a i n  

case ( t o ,  Go), charge o r d e r i n g  o c c u r s  e x a c t l y  f o r  G o / t o  > 2 ( t o  be- 

ing  t h e  hopping i n t e g r a l ) .  

We t h u s  c o n s i d e r  the cor responding  t igh t -b inding  s p i n l e s s  ha- 

mi l ton ian  w i t h  a 1 / 2 - f i l l e d  band : 
+ 1 1 H = C t  

(1) 
I , i+ l (CTCi+l  + Ci+lCi)  + ; G i , i + l ( n i  - +i+1 - 2) 

where ti,i+l t a k e s  a l t e r n a t i v e l y  d i f f e r e n t  v a l u e s  t i  and ti, and 

G i Y i + l  t h e  v a l u e s  G i ,  Gi. 

The renormal iza t ion  group b locking  method (RGB) has  been pre- 

v i o u s l y  a p p l i e d  t o  t h e  uniform case‘ of  (1) (analog of t h e  Heisen- 

berg - I s i n g  cha in)  and reproduces c o r r e c t l y  t h e  e x a c t  c r i t i c a l  va- 

l u e  (G/t)” = 2 .  F ie lds’  has considered t h e  dimerized Heisenberg 

cha in  which corresponds t o  t h e  c r i t i c a l  c a s e  G i l t 1  = G2/t2 = 2 .  The 

method h a s  a l s o  been a p p l i e d  t o  t h e  Hubbard’” and extended Hub- 

bard”  models. The ground s ta te  energy and t h e  ampli tude of t h e  

l o c a l  moment are well- reproduced,  i n d i c a t i n g  t h a t  RGB g i v e s  re l ia-  

b l e  informat ion  about  t h e  t r a n s i t i o n .  

We p r e s e n t  r e s u l t s  concerning t h e  ground state energy as func- 

t i o n  of t h e  d i m e r i z a t i o n .  C a l c u l a t i o n s  of  c o r r e l a t i o n  f u n c t i o n s  and 

charge  o r d e r i n g  parameters  w i l l  b e  publ i shed  elsewhere’  

REAL SPACE RENORMALIZATION GROUP BLOCKING METHOD 

The RGB method c o n s i s t s  of d i v i d i n g  t h e  system i n t o  b locks  of  Ns 

s i tes .  The hamil tonian f o r  an i s o l a t e d  block i s  so lved  e x a c t l y  and 

one s e l e c t s  from t h e  e i g e n s t a t e s  a c e r t a i n  number of states t o  de- 

f i n e  a reduced b a s i s  on which the hami l ton ian  is p r o j e c t e d .  The ba- 

sis is chosen i n  order  t o  p r e s e r v e  t h e  form of  t h e  hami l ton ian  w i -  

t h  renormalized parameters  t l y  t2, GI and G2.  The procedure is re- 

peated u n t i l  a f i x e d  p o i n t  is reached.  We have considered N, = 3 

and t o  reproduce t h e  1 / 2 - f i l l e d  band one has  t o  c o n s i d e r  b locks  

of m = 1 and m = 2 e l e c t r o n s .  The b a s i s  c o n s i s t s  of t h e  ground sta- 

t e  of m = 1 and m = 2 subspaces,  r e s p e c t i v e l y  as t h e  new vacuum 

I O >  and t h e  new o n e - p a r t i c l e  s t a t e s  C+’ I O>. 

% % %  ?I 
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EFFECT OF INTERSITE COULOMB INTERACTIONS ON THE PEIERLS STATE 181 

A c o n s t a n t  term C(n) is g e n e r a t e d  a t  each s t e p .  It  g i v e s  t h e  

ground s ta te  energy p e r  s i t e  EG : 
,(n) 

EG = l i m  -y- 
n-+m Ns 

For G = 0 (XY dimer c h a i n ) ,  t l / t2  = 1 is an u n s t a b l e  f i x e d  p o i n t ,  

and t l / t2  = m ( e q u i v a l e n t l y  t l / t2  = 0) a s t a b l e  f i x e d  p o i n t  as i t  

should be. 

With Coulomb i n t e r a c t i o n s  G i ,  G;, when t;/tT < 1 ,  t 2 / t l  s t i l l  
a 

renormal izes  t o  zero ,  t I  be ing  e i t h e r  f i n i t e  o r  z e r o .  When 

G T  = G; = G o ,  t h e  r e c u r s i o n  r e l a t i o n  s t i l l  g i v e s  an u n s t a b l e  f i x e d  

p o i n t  (G"/t")* which i n c r e a s e s  a s  A i n c r e a s e s  ( A  = ( t i - t ; / t o ) .  

I f  t h e  i n i t i a l  parameters  are such t h a t  G O / t o  < (Go/tn)*,  w e  
m m 

f i n d  t h a t  t i  + t l  , G 1  + G I  whi le  t 2  + 0 and G 2  + 0 .  The f i x e d  

p o i n t  hamil tonian corresponds t o  independent molecules ,  and t h e  

system i s  semiconductor because of  t h e  d i m e r i z a t i o n .  * 
b o t h  renormal izes  t o  zero ,  and G1 + G1 , G2 + G 2  

p o i n t  hamil tonian becomes t h a t  of an i n t e r a c t i n g  system wi thout  

hopping and a l t e r n a t i n g  G1 

t o  charge o r d e r i n g  w i t h  d i m e r i z a t i o n .  

I f  G"/ to  > (Go/to)  , one reaches  a s i t u a t i o n  where t l  and t2 
W m m 

# G1 . The f i x e d  

a m 
and G2 . The ground s t a t e  cor responds  

The e q u i l i b r i u m  v a l u e  of t h e  d i m e r i z a t i o n  A. can be  c a l c u l a t e d  

from t h e  ground s t a t e  energy ,  adding t h e  e las t ic  energy term. The 

energy d i f f e r e n c e  AE = EG(A)  - E (0) is  p l o t t e d  i n  F i g u r e  1 f o r  G 
d i f f e r e n t  v a l u e s  of G D / t o  (Go/ to  = 0 , 1 , 2 , 3 ) .  The d i m e r i z a t i o n  f i r s t  

i n c r e a s e s  w i t h  G o  (curves  a , b , c )  w h i l e  as G o  i n c r e a s e s  s t i l l  f u r -  

t h e r  (curve  d )  t h e  d i m e r i z a t i o n  t e n d s  t o  decrease .  Note that f o r  

G"/ to  > 2 ,  t h e  c r i t i c a l  v a l u e  (G"/to)* t h a t  s e p a r a t e s  t h e  two be- 

haviours  of t h e  system i s  crossed  a s  A i n c r e a s e s .  

I t  is important  t o  mention t h a t  i n  o r d e r  t o  g e t  more r e l i a b l e  

r e s u l t s  f o r  EG(A), one should a l s o  t a k e  i n t o  account t h a t  G T ,  G; 

a re  a l so  f u n c t i o n  of t h e  d i m e r i z a t i o n  ; Gi - G o  should  a l s o  increa-  

se as A i n c r e a s e .  
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182 M. AVIGNON AND C. BALSEIRO 

FIGURE 1 The ground s ta te  energy v s .  a f o r  G " / t o  = 0 ( a ) ,  

1 (b), 2 ( c ) ,  3 ( d ) .  
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