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Introduction 
The electronic structure of hetero-aromatic molecules is commonly studied by 

the semi-empirical SCF-LCAO-MO theory with or without configuration inter- 
action and the predicted energies of the first excited levels are generally in fair 
agreement with the observed spectra. 
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Fig .  1. C r o c o n a t e  io~ 

The use of the semi-empirical SCF-MO theory of Pariser-Parr-Pople (P-P-P)  
[1] to investigate the z-electron structure of the eroeonate ion (Fig. t) emphasizes a 
critical choice of the approximations for the parameters or the possibly non- 
generalizable application of the method, in its present form, to the evaluation of 
transition energies [2]. These are the justifications required by Nism~oTo and 
FOt~STER [3] in order to add a new note to the already voluminous literature 
describing the results of P - P - P  treatments. 

Calculations 
The croeonate ion (Fig. l) is a planar system (D~h) of t0 centers and 12 ze- 

electrons, whose mean C-C (1.457 A) and C-O (t.262/~) distances have been deter- 
mined by an X-ray study on the crystal of the diammonium salt [6]. 
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Two alternative valence states have been considered here for oxygen:  
0 (tr 2 tr ~ tr 7c) or O (sp 2) and 0 (s 2 p2p p) or O (nonhyb);  carbon was taken  as 
trigonal C (sp2). Their ionization potentials are [5]: W [O (sp2)] = - i 7 . 7 0  cV, 
W [0  (nonhyb)] = - - i7 .28 eV, W [C (sp~)] = - { i . i 6  cV. 

The core resonance integrals ripe have been approximated,  except in one case 
(see Tab. i), with the formula [6] 

f3~e = ½ S~q (W~ + Wq) . 

The inter-7~-electronic repulsion integrals ~?pq have been calculated either 
theoretically (T integrals) [7] with a parabolic interpolation for r < 2.80 ~ or 
with the procedure described by  NISHIMOTO and lV[ATAaA ( N M  integrals) [12]; 
the following one-center repulsion integrals y~p were used [8]: y e t  = i0.69 eV 
and $oo = 15.38 eV. 

Penetra t ion integrals (A :7~) have been approximated by  representing the 
potential  due to the neutral  a tom as a combinat ion of  nuclear a t t rac t ion and 
electronic repulsion terms over hybr id  or pure orbitals [9]. I n  this way  the chosen 
oxygen valence state influences the numerical value of (A :7~z) (see Tab. 1). 

Table t. Penetration Integrals (eV) 

integral distance 0 (sp ~) O (nonhyb) 

0 : CC) i.262 
0 : CC) 2.42 

0 : 00) 2.93 

C: CC) 1.457 
C : CC) 2.34 

C:O0) L262 
C:O0) 2.42 

-2.898 -0.978 
-0.675 -0.090 

-0.274 -0.053 

-0.829 
-0.028 

-1.660 
-0.0t2 

Results and Discussion 

The results obtained in the various alternatives are presented in Tab. 2 where 
V1 and T 1 are the diagonal elements, referring to the lowest degenerate singlets 
and triplets of the corresponding C.I. matrices. 

The critical choice in the parameters '  approximat ion is evident f rom the calcu- 
lated T 1 values which show tha t  the ground state is r andomly  predicted as a 
singlet or as a triplet. 

Plot t ing T1 versus 6c~ = ~o - c¢c (Fig. 2) for the cases in which the y~q are 
approximated with the same criteria (the small difference in the rico for [0  sp 2] 
and O [nonhyb] can be disregarded) we obtain a linear correlation between T 1 
and ~c~; it is this difference and not  the actual value of  the ~'s which determines 
the T~ values. We have to recall at  this point  tha t  the numerical value of  the one- 
center core integrals depends not  only on the y~q and (A :7~n) bu t  on the so called 
W2p~ approximat ion [10] and this might  be the crucial point  for the present case. 
Retaining the val idi ty of the W e ~  approximat ion it is possible to state t ha t  the 
T 1 energy calculated with the 7~q (NM) is always lower [3, 11] t han  tha t  calcu- 
lated with the y~q (T). 
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Table 2 
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alter- 
nativesa 

energies (eV) b one-center charge bond 
of one-electron densities orders 

integrals (eV) 
V~ T1 ac ao &~ = c~o - ac qc qo pcc pco 

a 3.20 0.45 -65.11 -61.39 +3.72 .770 1.630 .649 
b 2.83 -0 .49  -71.07 -63.62 +7.45 .980 1.420 .732 
c 3.t5 0.35 65.11 -60.97 +4.14 .788 1.612 .758 
d 3.02 0.06 -67.98 -62 .75  +5.23 .847 1.553 .686 
e 3.t0 0.22 -61 .40  -56.69 +4.71 .8t7 1.583 .672 
d '  2.69 -0 .15  -67 .80  -62.70 +5 . t0  .816 1.584 .682 
f 2.86 0.09 -49.66 -50 .62  -0 .96  .861 1.539 .686 
g 2.63 -0 .72  -55.62 -52 .85  +2.57 t .060 1.340 .738 
h 2.82 -0.01 -49.66 -50 .20  -0 .54  .880 1.520 .692 
1 2.73 -0 .26  -52.53 -51.98 +0.55 .937 1.463 .7'10 
i 2.77 -0 .14  -45.95 -45.92 +0.03 .9t0 1.490 .702 

Description of different al ternat ives 
a) 0 ( s p  ~) ;7pq(T) ; n o ( A : ~ )  ; r ico= -2 .85eV; f l cc  = - 2 . 4 9 e V  
b) 0 (sp 2) ; 7pq (T) ; with (A :zz ) ;  -2 .85 eV; -2 .49  eV 
e) 0 (nonhyb);  7~q (T) ; no (A:3zz~) ; -2 .80  eV; -2 .49  eV 
d) 0 (nonhyb);  y~q (T) ; with (A:zz ) ;  -2 .80  eV; -2 .49  eV 
d') 0 (nonhyb);  y~q (T) ; with (A:x~);  -2 .18  eV; -1 .83  eV [15] 
e) following Bmt~oz and BESNAIOgOU [17] the  a ' s  have  been evaluated using: 

Up = W~ - E ( A q : ~ ) ;  Uc = - 7.45 and Uo = - 13.00; y ~  (T); 
~ rico = -2 .80  eV; f lcc= -2 .49  eV 

f) O (sp 2) ; ~pp (NM);  no (A:~z)  ; rico = -2 .85  eV; f lcc= -2 .49  eV 
g) 0 (sp 2) ; 7~q (NM);  with (A :zn) ;  -2 .85  eV; -2 .49  eV 
h) 0 (nonhyb);  y~,q (NM);  no (A::rJr) ; -2 .80  eV; -2 .49  eV 
i) 0 (nonhyb);  ~]~oq (NM);  with (A:~rJr); -2 .80  eV; -2 .49  eV 
1) as in (e) ; y~q (NM) ; -2 .80  eV; -2 .49  eV 

b Referred to the  ground state  energy (0.0 eV). 
° The first experimental  t ransi t ion is ~3.40 eV. 
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Fig. 2. Calculated triplet energies versus ace = ~o--c¢c 

W e  h a v e  n o t  c a r r i e d  o u t  a C.I.  t r c a t m e n ~  s ince  t h i s  w o u l d  g ive  a l ower  v a l u e  

o f  T 1 i n  c o n t r a s t  t o  t h e  d i a m a g n e t i s m  o f  t h e  e r o e o n a t e  i on  [13]*. 

C o n c e r n i n g  t h e  ro le  o f  t h e  core  r e s o n a n c e  i n t e g r a l s  / ~ q  we h a v e  t e n t a t i v e l y  

u s e d  (see T a b .  2, ease  d ' )  t h e  a p p r o x i m a t i o n  s u g g e s t e d  b y  K o •  [15] w h i c h  g ives  

* Calculations of P-P-P  type on the  C60~ -2 ion [y~q (T), no (A :zx)] also predict a negative 
value of T 1. Simple LCAO-M0 calculations [14] predict a biradieal na ture  for C60~ -t. However 
K~CaO 6 was observed to be diamagnetic.  
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ficc = - - t . 83  and /~co  = - -2 . i 8  eV. Also in th is  case T~ comes out  negat ive .  A n  
empir ica l  choice of the /~ ' s  seems to be outside the  scope of a general  app l ica t ion  
of  the  P - P - P  method .  

The charge d i s t r ibu t ions  and  the  b o n d  orders  are ve ry  sensi t ive to  the  inclusion 
of  pene t r a t ion  integrals  and  the  figures of  Tab.  2 can be compared  wi th  those  
ob ta ined  [4] wi th  the  s imple H/ ickel  MO t r ea tme n t .  

I t  is possible t h a t  the  resul ts  of  our P - P - P  calculat ions  depend  cr i t ica l ly  on 
the  assumed D~n s y m m e t r y  of  the  CaO[ ~ ion. A similar  occurrence was po in ted  out  
before b y  L~EH~ [18] for the  CstIa radical ,  which has  i ts  mos t  s table  s ta te  of  C~v or 
Cs symmet ry .  I t  is indeed possible t h a t  the  geomet ry  of  C~O[ ~ es tab l i shed  on 
crys ta ls  b y  X - r a y  diffract ion [4], I g  and  R a m a n  spec t ra  [19] might  not  be appro-  
pr ia te  for the  ion in solution. 
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