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Bipolaron formation in polar solids
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Abstract : By a combination of canonic^ transformation and perturbation it has been possible 
to go beyond the Pekar approximation to predict the feasibility of a single centre bipolaron. 
Alternative criterion on r; = t j c  has been obtained from lowest order calculations.
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The c o m p le x  o f  a  p a ir  o f  e le c tro n s  b o u n d  b y  th e  la t tic e  d is to r tio n  w as d e fin e d  b y  P e k a r  

(Pekar 1963), w h o  a t th a t tim e  fo u n d  th e  o p tic a l b ip o la ro n  to  b e  en e rg e tic a lly  u n fav o u rab le  

as c o m p a re d  to  tw o  se p a ra te  p o la ro n s . R e c e n tly  d u e  to  its  re le v a n c e  to  s e m ic o n d u c to r  

techno logy  (A n d e rso n  1975) an d  p a rtic u la r ly  h ig h  su p e r co n d u c tiv ity  (C h ak rav e r ty  an d  

R ann ingcr 1985 , E m in  1989) a  so m e w h a t v ig o ro u s  rev iv a l o f  in te re s t in  b ip o la ro n  has b een  

w itnessed . A lm o s t a ll th e  tre a tm e n ts  a re  s in g le  c e n tre  b ip o la ro n s  (lik e  th e  h e liu m  a to m ) 

except V in itsk i i’s (V in itsk ii a n d  G itte rm an  1961) w h ich  is  a  H e itle r-L o n d o n  ap p ro ach  (lik e  

the h y d ro g e n  m o le c u le ) . P a th  in te g ra l c a lc u la tio n s  (V e rb is t et al 1 9 91 , H ira m o to  a n d  

T oyozaw a 1985 , S il et al 1991) su p p o r t th e  fo rm atio n  o f  b ip o la ro n  fo r so m e  7) <  w h e re  

I? = foo / r  is  th e  ra tio  o f  th e  h ig h  freq u en cy  an d  s ia lic  d ie le c tr ic  c o n s ta n ts  o f  th e  m a te r ia l. 

But th e  L a n d a u -P e k a r  (w ith o u t e x p lic it co rre la tio n  fac to rs) an sa tz  o f  P ek a r fa ils  to  fa v o u r a  

b ipo laron  as  h as  a lso  b een  v ery  re c e n tly  p o in ted  o u t (S u p ru n  an d  M o izh es  1982 , S il et al
1991) b e c a u se  th e  L P  a n sa tz  is b a se d  on  th e  e ffec tiv e  h am ilto n ian  / /^ p  w h ich  d if fe rs  from  

the to ta l h am ilto n ia n  b y  a  re m a in d e r  te rm  / / - / / lp w h ich  o u g h t to  b e  tak en  in to  a c c o u n t in  

som e a p p ro x im a te  w ay . W e  th u s  sh o w , fo r th e  f irs t tim e , in th is b r ie f  c o m m u n ic a tio n  th a t 

go ing  b e y o n d  th e  P e k a r  a p p ro x im a tio n  by in c lu d in g  th e  e ffe c ts  o f  th is  re m a in d e r  te rm  

p e rtu rb a tiv e ly , w h ich  is fa ir ly  s im p le  to  tak e  in to  a c c o u n t in the  lo w e s t o rd e rs , o n e  in d e e d  
gets a  b ip o la ro n .

T h e  h am ilto n ian  o f  tw o  e le c tro n s  in a  p o la r  la ttice  is g iv en  by  (in  F rd h lic h  u n its)

H = p,^ + P2̂  + /i/r,2 + S ( l? ? ' ,  + -kX  + (1)
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A£^’  ̂ + A E®  < 0

E q . (17 ) c o n ta in s  a  p le th o ra  o f  te rm s, b u t fo r  th e  p u rp o s e  o f  th is  b r ie f  n o te  w e  sha ll only 

q u o te  th e  re su lts  fro m  a  few  su ch  w h ich  a lr e a d y  e s ta b lis h e s  (1 8 ) . A ll th e  o th e rs  when 

in c lu d ed  w ill en rich  the  c r ite r io n , w h ich  w ill b e  re p o r te d  in a  d e ta ile d  v e rs io n  o f  th is  paper 

la te r  on . T a k in g  o n ly  th e  m atrix  e lem en ts

<  I s ,  1.V, 0  |// ,n ,

<  l . r ,  l.v , O  | / / ,„ i

<  1 .9, I s ,  O  | / / ,„ i

<  I s ,  I s ,  O

I s ,  2 s ,  0  > ,  <  I s ,  I s ,  O  |/ / ,n i  j 2 s ,  I s ,  O  >

2 s ,  2 s ,  O  > ,  <  I s ,  I s ,  O  | / / , „ t  I 2p, 2 p ,  O  >

I s ,  3 s ,  O  > ,  <  I s ,  I s ,  O  |/y ,n i 1 3 s ,  I s ,  O  >

3 s ,  3 s ,  O  >

for ca lcu la tin g  the pa rtia l co n tf ib u tio n  from  (1 7 ), w e  g e l a f te r  so m e  a lg e b ra , 

+ = - a ^ { A x " - B x  + C )

w h ere  A =  0 .1 3 0 3 2 0 4 , B =  0 .6 4 9 2 8 1 4 , C  =  0 .5537 .308  a n d  jc =

(19)

(20)
1

1 -  7]

P u l m (1 8 ) th is  lead s a lread y  in  th ese  lo w est o rd e r c o rre c tio n s  a  re sp e c ta b le  c r ite r io n  for the 

b ip o la ro n  fo rm atio n  fo r r\ < 0 .0 8 4 .

In c o n c lu s io n  w e h av e  sh o w n  h e re  th a t th e  s in g le  c e n tre  b ip o la ro n  fo rm a tio n , in the 

fra m e w o rk  o f  th e  s tro n g  c o u p lin g  L P  a p p ro x im a tio n , is  fe a s ib le  i f  th e  r e m a in d e r  term, 

n e g lec ted  in P e k a r ’s (P e k a r  1963) n e g a tiv e  re s u lt,  is  ta k e n  in to  a c c o u n t. T a k in g  o n ly  the 

m a trix  e le m e n ts  (1 9 ) w e d e m o n s tra te  th is  p o s s ib il ity  by  o b ta in in g  th e  e n e rg y  co rrec tio n  

(20 ) an d  th e  c o n se q u e n t re s tr ic tio n  o n  rj (77 <  0 .0 8 4 ). C o rre la tio n  n e e d  n o t  b e  in troduced  

a rtif ic ia lly  in th is  ap p ro ach , it b e in g  b u ilt in  th e  fo rm a lism . A  m o re  d e ta ile d  v e rs io n  o f  this 

w ork  w ill b e  rep o rted  shortly .
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