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Abstract Ab I n i t i o  Res t r i c ted  Hartree-Fock c a l c u l a t i o n s  o f  the  n+r*(B3J 
and n-r*(B., ) s i n g l e t - s i n g l e t  and t r i p l e t - t r i p l e t  s p l i t t i n g s  i n  pyrazine 
are  presen'~É!d. insofar  as the  spl  i t t  ings a re  concerned the resu l  t s  are i n  
exce l l en t  agreement w i t h  recent experimental r e s u l t s .  However it i s  po in-  
ted ou t  t h a t  one should no t  take the mistaken impression tha t  RHF wave- 
func t ions  c o r r e c t l y  descr ibe the exc i t ed  s ta tes .  

Ir1 a  recent communication Inoue, Webster and Lim (IWL)' have r e -  

ported expé!rimental t r i p l e t - t r i p l e t  absorp t ion  i n  pyrazine i n  the  reg ion 

o f  230-1900 nm and a t t r i b u t e d  the  absorpt ion a t  830 nm t o  the o r i g i n  band 

o f  the 3~3Zl(n+n*) + 3~ (n-n*) absbrpt ion.  The 
2g 

s ta tes  i s  there fore  1 . 5  ev'. As IWL pointed 

a  remarkable agreement w i t h  ab i n l t i o  CI ca l cu l  

Whitten ( H W ) ~ ,  Wadt and Goddard (WG) and Wadt, 

have ca lcu la ted t h i s  separat ion t o  be 1.43 ev, 

pec t i ve l y .  The above mentioned s p l i t t i n g '  i s  o f  

separat ion between these 

out  t h i s  s p l i t t i n g  i s  i n  

a t i ons .  Hackmeyer  and 

Goddard and Dunn ing  (WGD? 

1.31 ev and 1.28 ev. res-  

great  Importante as the 

separat ion and order ing  o f  nv* s ta tes  i n  d iaz ines  prov ide usefu l  i n f o r -  

mation regarding the i n t e r a c t i o n  between the two nonbonding o r b i t a l s .  

As such i t  has been the sub jec t  o f  many i nves t i ga t i ons
5
.  I t  i s  our 

op in ion  t h a t  one has l e f t  undiscussed some i n t e r e s t  i ng theo re t i ca l  

questions p a r t i c u l a r l y  those re la ted  t o  the existence o f  broken sym- 

metry so lu t i ons  t o  the Hartree-Fock equations. With t h i s  i n  mind we 

sha l l  present ab i n i t i o  ca l cu la t i ohs  w i t h i n  the Res t r i c ted  H a r t r e e -  

-Fock (RHF) leve1 f o r  both t r i p l e t  s ta tes  i n  order  t o  ob ta in  t h i s  t r i -  

p l e t - t r i p l e t  s p l i t t i n g .  For completeness the corresponding s i n g l e t -  

- s i n g l e t  s p l i t t i n g  w i l l  a l s o  be reported.  At the end we b r i e f l y  com- 

ment on the broken symmetry so lu t i ons .  

* Supported by CNPq and FINEP (Brasi  I ) .  



The pyrazine molecular s t r u c t u r e  i s  taken frorn su t ton6.  The 

contracted Gaussian basis set  i s  the < 4 . ~ 2 ~ / 2 s >  suggested by ~ u n n i n ~ ' .  

The program package MOLECULAR-ALCHEMY' has been used and a D2h symme- 

t r y  c o n s t r a i n t  has been imposed. The ca lcu la ted t o t a l  energy f o r  the 

3~ ( n + ~ * )  i s  -262.41337 har t rees .  The r e s u l t  f o r  the t r i p l e t - t r i p l e t  

?" sp i t t i n g  i s  shown i n  the tab le  a long w i t h  the previous t h e o r e t  i c a l  

ca l cu la t i ons  as we l l  as the experimental value reported by IWL. The 

AE (RHF) t r i p l e t - t r i p l e t  spl  i t t i n g  ca lcu la ted as 1.562 ev (800 nm) i s  

i n  a very good agreement w i t h  the r e s u l t  o f  IWL. Ac tua l l y  the agree- 

ment i s  as c lose as those obtained from the best  C I  ca lcu la t ions .The-  

r e f o r e  one rnay conclude tha t  the RHF scheme i s  ab le  t o  g i v e  the 

n + ~ r * ( ~ B ~ ~ )  - n - ~ r * ( ~ B  ) s p l i t t i n g  o f  pyrazine w i t h i n  the experimental 
2g 

accuracy. Reversely, one may a l so  say tha t  the p resen tca l cu la t i on  r e -  

enforces t h a t  the near i n f ra red  absorp t ion  observed by IWL i s  due t o  

the above 

l a ted  as 

I n  due ag 

t r i p l e t - t r i p l e t  absorpt ion.  

The corresponding s i n g l e t - s i n g l e t  s p l i t t i n g  has been ca lcu-  

.679 ev (740 nm). This t r a n s i t i o n  has never been observed. 

eement w i t h  previous C I  c a l c u l a t i o n s  we p r e d i c t  t h i s  s p l i t -  
2-i1,9 

t i n g  t o  be alrnost equal t o  the t r i p l e t  one . 

I n  conclusion the n n*(B )-n-'fr*(B ) s p l i t t i n g  i n  pyrazine 
+ 3u 2g 

has been ca l cu la ted  w i t h i n  the RHF leve1 w i t h  f u l l y  symmetrized mole- 

c u l a r  o r b i t a l s  and the r e s u l t  i s  i n  excelent  agreernent w i t h  exper i -  

ment. However, i t i s  known1° t h a t  i n  order  t o  represent the exc i ted  

s ta tes  o f  pyrazine a broken symrnetry s o l u t i o n  i s  requ i red  i f  one re-  

mains w i t h i n  the conf ines o f  ab i n i t i o  SCF l e v e ] .  Indeed, our pre-  
10-12 

v ious  s tud ies  i nd i ca te  t h a t  the  RHF wavefunctions does no t  co r -  

r e c t l y  represent these s ta tes .  Nevertheless, i nso fa r  as the s p l i t t i n g  

i s  concerned the RHF scherne may g i ve  reasonable r e s u l t s .  I n t h e b e t t e r  

case o f  the l oca l i zed  broken symrnetry desc r i p t i on ,  on the o ther  hand, 

one obta ins  a r t i f i c i a l l y  degenerate m* s ta tes .  I t  becomes necessary 

a proper p r o j e c t i o n  t o  res to re  the  syrnrnetry and ob ta in  the s p l i t t i n g .  

I n  the case when the s p l i t t i n g  i s  s izab le ,  however, the procedure may 

be quest ionable12 as the f i n a l  s ta tes  are  hence not  p rope r l y  o p t i m i -  

zed. S t r i v i n g  f o r  cons is ten t  accuracy e i t h e r  scheme has i t s  own draw- 

backs. The l oca l i zed  broken symmetry approach w i t h  p r o j e c t i o n  seerns 



l ess  r i s k y .  At  t h i s  stage a conventional CI representa t ion  may g i ve  a 

f a r  b e t t e r  desc r i p t i on  but  w i l l  hidden i n t e r e s t i n g  e f f e c t s .  

Table: Coinparison o f  ca lcu la ted and experimental' n T * ( B  1-n r * ( B  + 3u - 2g 
spl  i t t i n g  i n  pyrazine (ev). 

(a) C I  ca l cu la t i ons .  (b) Resul ts from "best estirnates". (c)  INDO-CI 

calculat i isns.  

I t r i p l e f - f r i p l e t  
p l  i t t i n g  

i n g l e t - s i n g l e t  
p l  i t t i n g  
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RESUMO 

Cálcu los  ab i n i t i o  a n í v e l  de Hart ree-Fock r e s t r i t o  da separa- 
ção s i n g l e t o - s i n g l e t o  e t r i p l e t o - t r i p l e t o  e n t r e  os estados n+r*(B ) e 
n-v*(B ) da p i  r az i na  são apresentados. Os resu l  tados es tão  em exc2Yente 
concor?l%ncia com recentes r esu l t ados  experimenta i S.  En fa t  iza- se e n t r e -  
t a n t o  que as funções de onda de Hart ree-Fock r e s t r i t a  não são adequadas 
para descrever  es tes  estados exc i tados .  


