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A NON-EMPIRICAL SCF YO STUDY ON THE GROUND STATE AND FIRST TRIPLET STATE 
POTENTIAL ENERGY SURFACES OF SIMPLE THIOCARBONYLS 

Paul G. Mezey, Ronald P.  S tee r  and A n i l  Kapur 

Department o f  Chemistry and Chemical Eng ineer ing ,  U n i v e r s i t y  o f  Saskatchewan, 
Saskatoon, Canada 

Simple t h i o c a r b o n y l s  a r e  p l a n a r  i n  t h e i r  e l e c t r o n i c  ground s t a t e s  b u t ,  by 

anology w i t h  t h e  co r respond ing  carbonyls, a r e  expected t o  be non-p lanar  i n  

t h e i r  S1 and T1 s t a t e s .  ( l Y 2 )  T h e o r e t i c a l  s t u d i e s  on t h e  e x c i t e d  s t a t e  

geometr ies o f  these molecules a r e  o f  p a r t i c u l a r  i n t e r e s t ,  s i n c e  t h e  c a l -  

c u l a t e d  p o t e n t i a l  energy su r faces  may a i d  t h e  i n t e r p r e t a t i o n  o f  t h e i r  

h i g h l y  s t r u c t u r e d  T1 + So and S1 + So a b s o r p t i o n  spec t ra .  

The geomet r i ca l  f e a t u r e s  and con fo rma t iona l  p r o p e r t i e s  o f  sma l l  model 

molecules,  c o n t a i n i n g  t h e  t h i o c a r b o n y l  f u n c t i o n a l  group have been s t u d i e d  

w i t h  t h e  a i d  o f  -- ab i n i t i o  MO SCF t h e o r y .  Large p o r t i o n s  o f  t h e  ground 

s t a t e  s i n g l e t  and f i r s t  t r i p l e t  s t a t e  p o t e n t i a l  energy su r faces  have been 

c a l c u l a t e d  and t h e o r e t i c a l  e s t i m a t e s  have been ob ta ined  f o r  t h e  e x c i t e d  

s t a t e  v i  b r a t i  ona 1 f requenc ies  . 
The t h e o r e t i c a l  r e s u l t s  on t h e  t r i p l e t  s t a t e  v i b r a t i o n a l  f requenc ies  

show good agreement w i t h  t h e  a v a i l a b l e  exper imenta l  i n f o r m a t i o n  o b t a i n e d  

from t h e  T1 + So a b s o r p t i o n  spec t ra .  

double minimum p o t e n t i a l s  f o r  t h e  

The c a l c u l a t e d  t r i p l e t  s t a t e  

pyramidal  i n v e r s i o n  have been analysed u s i n g  a p e r t u r b a t i o n  t h e o r e t i c a l  

a p p r ~ a c h ! ~ )  The c a l c u l a t e d  i n v e r s i o n  b a r r i e r  h e i g h t s  a r e  o f  t h e  o r d e r  

of 'L 6-8 kcal /mole ( f o r  F2C=S, i s o e l e c t r o n i c  w i t h  ?le2C=$, a b a r r i e r  o f  
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7.74 kcal/mole, w h i l e  f o r  FClC=S, a b a r r i e r  o f  5.80 kcal/mole were 

ob ta ined) .  
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