
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:48
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Self-Consistent GÁspár-Kohn-
Sham Electronic Structure of
Dimerized Trans-Polyacetylene-
Chain
P. Kuivalainen a , J. Von Boehm a & J.-L. Calais b
a Electron Physics Laboratory, Helsinki University of
Technology, SF-02150, Espoo, Finland
b Quantum Chemistry Group, University of Uppsala,
S-75120, Uppsala, Sweden
Version of record first published: 17 Oct 2011.

To cite this article: P. Kuivalainen , J. Von Boehm & J.-L. Calais (1985): Self-
Consistent GÁspár-Kohn-Sham Electronic Structure of Dimerized Trans-Polyacetylene-
Chain, Molecular Crystals and Liquid Crystals, 117:1, 197-200

To link to this article:  http://dx.doi.org/10.1080/00268948508074623

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508074623
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

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 



Mol. Cryst. Liq. Cryst. 1985. Vol. 117. pp. 197-204 
0026-894 I/W 1 I74-0197/$10.00/0 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

SELF-CONSISTENT GASPAR-KOHN-SHAM ELECTRONIC STRUCTURE 
OF D I M E R I Z E D  TRANS-POLYACETYLENE-CHAIN 

1 1 2 P .  K u i v a l a i n e n  . J .  von Boehm and J.-L. Cala i s  

’ E l e c t r o n  P h y s i c s  L a b o r a t o r y ,  H e l s i n k i  U n i v e r s i t y  o f  
Technology,  SF-02150 Espoo, F i n l a n d  

‘Quantum Chemistry Group,  U n i v e r s i t y  of  Uppsala .  
5-75120 Uppsala ,  Sweden 

A b s t r a c t  The e l e c t r o n i c  s t r u c t u r e  of t h e  dirner ized t r a n s -  
p o l y a c e t y l e n e - c h a i n  is c a l c u l a t e d  w i t h  t h e  s e l f - c o n s i s t e n t  
( S C ) , l i n e a r  combina t ion  o f  a t o m i c  o r b i t a l s  method u s i n g  t h e  
Gaspar-Kohn-Sham-approximation f o r  exchange and  c o r r e l a t i o n .  
The SC g a p  1.3 eV and t h e  SC d e n s i t y  o f  s ta tes  agree c l o s e l y  
wi th  t h e  e x p e r i m e n t a l  d a t a .  

INTRODUCTION 

Recent  i n t e r e s t  i n  c o n d u c t i n g  polymers  h a s  a l s o  i n c r e a s e d  t h e  ef- 

f o r t s  t o  u n d e r s t a n d  t h e  b a s i c  e l e c t r o n i c  s t r u c t u r e  o f  t h e s e  mate- 

r i a l s .  Thus f a r  such knowledge h a s  ma in ly  been o b t a i n e d  t h e o r e t i -  

c a l l y  by e m p i r i c a l  o r  s e m i e m p i r i c a l  methods which,  however,  s u f f e r  

from t h e  fundamen ta l  d e f i c i e n c y  o f  c o n t a i n i n g  a d j u s t a b l e  p a r a m e t e r s  

and v a r i o u s  a p p r o x i m a t i o n s  g i v i n g  sometimes u n r e l i a b l e  r e s u l t s .  Due 

t o  t h e  o m i s s i o n  o f  c o r r e l a t i o n  e f f e c t s  t h e  Hartree-Fock ca l cu la t ions ,  

which have baen a p p l i e d  t o  undoped polymers  (see Ref. ( 1 )  and re fs .  

t h e r e i n ) ,  t y p i c a l l y  g i v e  a l s o  i n c o r r e c t  band s t r u c t u r e  f o r  e x t e n d -  

ed sys t ems .  On t h e  o t h e r  hand.  t h e  l o c a l  a p p r o x i m a t i o n  for  exchange  

and c o r r e l a t i o n  works s u r p r i s i n g l y  wel l  i n  t h e  s o l i d s .  The p u r p o s e  

o f  t h i s  pape r  i s  t o  p r e s e n t  t h e  r e s u l t s  o f  a s e l f - c o n s i s t e n t  l i n e a r  

combina t ion  of a tomic  o r b i t a l s  (SL-LCAO) c a l c u l a t i o n  f o r  a t r a n s -  

p o l y a c e t y l e n e  ( C H I x  c h a i n  u s i n g  t h e  C&p&-Kohn-Sham (GKS) poten-  

t i a l  f o r  exchange and c o r r e l a t i o n .  2 
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I98 P. KUIVALAINEN el al. 

COMPUTATIONAL METHOD 

The X -SC-LCAO-method h a s  r e c e n t l y  been  a p p l i e d  t o  ( C H I x  by Mintlnire 

and White3 and by Gran t  and Batra4 i n  t h e  p s e u d o p o t e n t i a l  a p p r o x i -  

m t i o n .  The method we have  chosen  d i f f e r s  f r o m  t h e s e  two approaches 

t o  some e x t e n t .  Our L C A O ' s  a r e  g e n e r a t e d  f r o m  a tom c e n t e r e d  s and 

p t y p e  Gauss i ans  g i v e n  i n  t h e  p a p e r  o f  Ditchfield e t  a15. We neg- 

l ec t  t h e  l o n g  r a n g e  C a u s s i a n s ,  which h a s  been  shown t o  be  a good 

a p p r o x i m t i o n  . The most e s s e n t i a l  f e a t u r e  o f  o u r  SC-LCAO method is 

t h e  d i v i s i o n  o f  t h e  t o t a l  e l e c t r o n  d e n s i t y  i n t o  two p a r t s :  p ( r )  

p o ( r )  + A p ( r ) .  where t h e  f i x e d  c h a r g e  d e n s i t y  p o ( f ) ,  which i s  a su- 

p e r p o s i t i o n  o f  r a d i a l  a t o m i c  c h a r g e  d e n s i t i e s ,  e x a c t l y  compensates  

t h e  c h a r g e s  o f  t h e  n u c l e i  and Ap = p -p is a r e l a t i v e l y  s m o t h d i f -  

f e r e n c e  d e n s i t y  whose t o t a l  c h a r g e  e q u a l s  z e r o .  The r a d i a l  a t o m i c  

d e n s i t i e s  are  c a l c u l a t e d  from t h e  a t o m i c  o r b i t a l s  o f  D i t c h f i e l d  e t  

a15. i n  a l o g a r i t h m i c  mesh c o n s i s t i n g  o f  a b o u t  80 p o i n t s .  Ap(;.') is 

expanded a s  a F o u r i e r  ser ies .  The d i v i s i o n  o f  p ( r )  c a u s e s  f u r t h e r  

a d i v i s i o n  o f  t h e  e f f e c t i v e  c r y s t a l  p o t e n t i a l  i n t o  two p a r t s :  V(r): 

V (;) + AV(g) where 

a 

6 ... 
+ ... 

+ 

4 

Here J d e n o t e s  t h e  sum o v e r  a l l  a toms.  'I is t h e  p o s i t i o n  o f  t h e  j 

t h  

t i ce  v e c t o r .  The f i x e d  Coulornbic p o t e n t i a l s  i n  Eq.  ( 1 )  a r e  calcu- 

l a t e d  n u m e r i c a l l y  f rom t h e  r a d i a l  a t o m i c  c h a r g e  d e n s i t i e s  u s i n g  a 

50 p o i n t s  Gauss i an  q u a d r a t u r e  f o r r m l a  i n  t h e  mesh mentioned above .  

The t o t a l  r a d i a l  a t o m i c  p o t e n t i a l s  were t h e n  a c c u r a t e l y  f i t t e d  t o  

a Gauss i an  e x p a n s i o n .  The F o u r i e r  c o e f f i c i e n t s  o f  t h e  Coulombic 

p a r t  o f  AV(;) a r e  upda ted  d u r i n g  t h e  SC i t e r a t i o n  from Poisson's equa- 

t i o n  AV C - d )  = Q~tG-~Apc-d ) .  where Ap(-d) a r e  t h e  F o u r i e r  coefficients of 

Ap(F) .  The 343 e x c h a n g e - c o r r e l a t i o n  c o e f f i c i e n t s  A V x c ( C )  and t h e  

343 c o e f f i c i e n t s  Ap(C) are c a l c u l a t e d  f o r  e v e r y  SC i t e r a t i o n  cyc le  

from p ( r )  and o ( r )  by i n t e g r a t i n g  i n  a mesh o f  a 1 1  x 1 1  x 1 1  = 

j - .  
atom i n  t h e  p r i m i t i v e  u n i t  c e l l  < and G is t h e  r e c i p r o c a l  lat- m' 
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ELECTRONIC STRUCTURE OF DIMERIZED TRANS-POLYACETYLENE-CHAIN 199 

1331 r e g u l a r l y  s p a c e d  p o i n t s  o f  t h e  p r i m i t i v e  u n i t  c e l l .  Due t o  t h e  

n o n - l i n e a r i t y  o f  t h e  G K S  p o t e n t i a l  we h a v e  t o  add  a r e l a t i v e l y  

smooth c o r r e c t i o n  t o  AV (;I: x c  

Where pJ  is  t h e  a t o m i c  c h a r g e  d e n s i t y .  T h i s  c o r r e c t i o n  m y ,  however ,  

c a u s e  q u i t e  large s h i f t s  i n  e n e r g y ,  f o r  example i n  c o p p e r  a b o u t  

30 eV . The 343  F o u r i e r  c o e f f i c i e n t s  A V G K s ( G )  a r e  computed i n  t h e  

above  mesh o f  1331 p o i n t s .  

+ 7 

Due t o  t h e  combined F o u r i e r  and  G a u s s i a n  r e p r e s e n t a t i o n  t h e  

i n t e g r a t i o n  o f  a l l  t h e  m t r i x  e l e m e n t s  o f  t h e  e f f e c t i v e  S c h r o d i n g e r  

e q u a t i o n  c a n  b e  per formed a n a l y t i c a l l y .  The a d v a n t a g e  o f  o u r  method 

is t h a t  i t  e n t i r e l y  a v o i d s  t h e  m u l t i p o l e  e x p a n s i o n s  ( c f .  M i n t m i r e  

and White ) needed  due  t o  t h e  l o n g  r a n g e  o f  Coulombic p o t e n t i a l s .  

Our method a l s o  g i v e s  t h e  rea l  c h a r g e  d e n s i t i e s  i n s t e a d  of t h e  pseu- 

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

3 

RESULTS A N D  DISCUSSION 

The SC-LCAO band s t r u c t u r e  f o r  t h e  d i m e r i z e d  t r ans - (CH)  c h a i n  

= 1.35  t ? ,  dc-c = 1 .46  t ? . g  ccc = 120'. dc-H = 1.09  t?. Ref. ( 8 ) )  

o b t a i n e d  u s i n g  t h e  G K S  (a = 2 / 3 1  p o t e n t i a l  f o r  exchange  and  c o r r e -  

l a t i o n  i s  shown i n  F i g u r e  1 .  The m i n i m m  band gap  E i s  d i r e c t  and  

l o c a t e d  a t  t h e  boundary  o f  t h e  f i r s t  B r i l l o u i n  zone .  The c a l c u l a t e d  

v a l u e  E = 1 . 2 7  eV agrees c l o s e l y  w i t h  t h e  e x p e r i m e n t a l  v a l u e  

1 . 4  eV . It is  well known t h a t  i n  t h e  l o c a l  d e n s i t y  a p p r o x i m t i o n s  

t h e  gap  r e m i n s  s l i g h t l y  smaller t h a n  t h e  e x p e r i m e n t a l  o n e .  

(dC=C 

g 

g g  

T h e  c a l c u l a t e d  SC d e n s i t y  o f  s t a t e s  (DOS) is shown i n  F ig .  2. 

The SC v a l e n c e  DOS h a s  t h r e e  m i n  p e a k s  l o c a t e d  a t  -4 --5, -8 - -9 a d  

-18 - -19 eV. These  compare f a v o u r a b l y  b o t h  w i t h  t h e  S C  L C A O  v a l e n c e  

DOS c a l c u l a t e d  by Mintmire  and White3 ( p e a k s  a t  -6.  -10 and -17 eV) 
I U  and w i t h  t h e  X-ray p h o t o e m i s s i o n  s p e c t r u m  o f  Brund le  ( p e a k s  a t  

-6 .  - 1 1  and -18 eV). 
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200 P. KUIVALAINEN er al. 

A s  a c o n c l u s i o n  o u r  SC LCAO a p p r o a c h  u s i n g  t h e  GKS-approxi- 

n a t i o n  f o r  exchange  and  c o r r e l a t i o n  seem t o  b e  wel l  s u i t e d  t o  cal- 

c u l a t i o n s  o f  t h e  b a s i c  e l e c t r o n i c  s t r u c t u r e  o f  t h e  l i n e a r  p o l y m e r s .  

The method c a n  i n  a s t r a i g h t f o r w a r d  m n n e r  be  e x t e n d e d  t o  t h e  t o -  

t a l  e n e r g y  c a l c u l a t i o n s  a s  well as  t o  t h e  c a l c u l a t i o n  o f  t h e  elec- 

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

FIGURE 1 .  

I d14 
Vt- 

I -15 -10 -5 0 5 10 

k 

'Ihe SC LCAO bancl structure of FIQJRE 2. 'Ihe S C  La0  density of 
states of the dinerized 
tra ns-plyacetylene 
chain. Ixrj demtes  
density of states. 

the dirrerized trans-polyacetylene 
chain.  VB ard CB denote valence 
and conduction bards, respecti- 
vely . 
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