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A N  ESCA STUDY OF THE ELECTRONIC STRUCTURE OF TETRATHIONAPHTHALENE AND TETRA- 

THIOTETRACENE : TWO PLANAR AROMATIC BIS-DISULFIDES WITH SEMICONDUCTING PROPER- 

TIES. 

Joseph R I G A  and Jacques J .  VERBIST 

L a b o r a t o i  r e  de Spec t roscop ie  E l e c t r o n i q u e ,  Facul  t 6 s  Uni v e r s i  t a i  res Notre-Dame 

de l a  Paix ,  Rue de B r u x e l l e s ,  61, B-5000 NAMUR, Belgium. 

F red  WUDL and A l b e r t  KRUGER 

B e l l  Labora to r ies ,  Murray H i l l ,  New Jersey 07974, U.S.A. 

H igh r e s o l u t i o n  X-ray p h o t o e l e c t r o n  s p e c t r a  have been o b t a i n e d  f o r  two p l a n a r  

a romat i c  b i s - d i s u l f i d e s  : t e t r a t h i o n a p h t h a l e n e  ( F i g .  1, No 1) and t e t r a t h i o -  

t e t r a c e n e  ( F i g .  1, No 2 ) .  

By l o o k i n q  n o t  o n l y  a t  t h e  o u t e r  s h e l l s  f o rm ing  t h e  valence band, b u t  a l s o  a t  

Cls and S2p core l e v e l s  and t h e i r  shake-up s a t e l l i t e s ,  we a r e  a b l e  t o  g i v e  a 

d e t a i l e d  p i c t u r e  o f  t h e  e l e c t r o n i c  s t r u c t u r e  o f  these two compounds i n  r e l a -  

ti on w i t h  t h e i  r molecul  a r  geometry. 

I n  p a r t i c u l a r ,  a complete d e s c r i p t i o n  i s  g i v e n  f o r  t h e  d i s u l f i d e  group bonding 

w i t h  ze ro  CSS/SSC d i h e d r a l  ang le  t o  an a romat i c  system. The va r ious  atomic 

c o n t r i b u t i o n s  t o  m o l e c u l a r  o r b i  t a l s  i n  t h e  

We have found  t h a t  l ow-energe t i c  co re - leve  

t h e  e x c i t a t i o n  o f  a valence e l e c t r o n  t o  an 

e a s i e r  i n  t h i s  C-S bond reg ion .  As such an 

C-S bonds have been exp lo red .  

shake-up s a t e l l i t e s ,  i n d i c a t i n g  

unoccupied m o l e c u l a r  s t a t e ,  occur  

e x c i t a t i o n  i s  needed i n  t h e  mecha- 

nism o f  c o n d u c t i v i t y ,  we conclude t h a t  t he  m o l e c u l a r  o r b i t a l s  i n v o l v e d  i n  

t h e  C-S bond must p l a y  a de te rm in ing  r o l e  i n  t h e  e l e c t r o n  conduct ion by these 

o rgan ic  s o l i d s .  The p a r t i c i p a t i o n  o f  s u l f u r  3d o r b i t a l s  i n  t h i s  phenomenon 

i s  a l s o  d iscussed i n  r e l a t i o n  w i t h  formal  a tomic charges i n  t h e  molecule.  

259 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
7
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



S- S S -- s 

$0 
s-s S- 

(1) ( 2 )  

Fig. 1 : Schematic molecular structure o f  tetrathionaphthalene (1) and 
tetrathiotetracene ( 2 ) .  
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