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LEVEL CROSSINGS I N  INDO BENDING POTENTIALS FOR CO, 

KEY WORDS: INDO, CONFIGURATION INTERACTION 

F. A. Van-Catledge 

Department of Chemistry 
University of Minnesota 

Minneapolis, Minnesota 55455 

Recently, Combs and Hol loman have reported anomalous energy minima 

in approximate SCF calculations on bending modes in several small mole- 

cules.1'2 The methods employed (CNDOIP and INDO) are currently in wide 

use and it would be helpful to have a clear view of the origin(s) of these 

anomalies. [As has been demonstrated ,2  reparameterization to remove these 

features creates more serious problems than that for which the remedy was 

derived.] We were particularly concerned as recent studies have shown 

that INDO wavefunctions, when properly handled, provide a qua1 itatively 

correct description of the electronic charge distribution in selected 

diatomic  molecule^.^ Further, these methods are extensively used for 

studies of molecular deformations. 

3 

5 

On examining the published curves for CO, and FNO,, we noted what 

appeared to be discontinuities in the first derivative for the energy vs 

bond angle plots in the "barrier" region. This suggested that the single 
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VAN-CATLEDGE 

determinata l  wavefunct ion i s ,  f o r  some reason, inadequate a t  t h i s  l e v e l  o f  

approximation. We r e p o r t  h e r e i n  r e s u l t s  which suppor t  t h i s  p o i n t  o f  view. 

We have developed i n  our  l a b o r a t o r y  t h e  program INDOCI2 which, subsequent 

t o  t h e  SCF c a l c u l a t i o n ,  generates a s e t  o f  c o n f i g u r a t i o n  i n t e r a c t i o n  wave- 

f u n c t i o n s  b u i l t  f rom a l l  doubly  e x c i t e d  c o n f i g u r a t i o n s  i n v o l v i n g  p a i r w i s e  

e x c i t a t i o n ,  e.g., f o r  t h e  ground s t a t e  

A l s o  a v a i l a b l e  a r e  t h e  SCF c o n f i g u r a t i o n  energ ies c a l c u l a t e d  

Using t h i s  method we have re-examined t h e  bending coord ina te  

= 1.1612 w )  over  t h e  range 60" ,< o < 180". 

It i s  

I n  t h e  r e g  

group Ow,h 

3a 
l g  

2 
3a2u 

as 

i ( 2 )  

f o r  C02 ( r C O  

impor tan t  t o  mon i to r  o r b i t a l  occupat ion  as a f u n c t i o n  o f  bending. 

on 95"-180", INDO c a l c u l a t i o n s  g i v e  t h e  o r d e r i n g  under t h e  p o i n t  

The parenthes ized s p e c i f i c a t i o n s  correspond t o  t h e  symmetry des ignat ions  

a p p r o p r i a t e  f o r  o # 180" under t h e  p o i n t  group C2v. I n  o u r  c a l c u l a t i o n s  

we found t h a t  t h e  ground s t a t e  (SCF) e l e c t r o n i c  c o n f i g u r a t i o n  was 

(....laE3b:) i n  t h e  r e g i o n  95"-180", b u t  changed t o  (....la;6a:) a t  smal le r  

angles.  C l e a r l y ,  then, t h e  aforementioned d i s c o n t i n u i t y  i n  s lope a r i s e s  

v i a  l e v e l  c r o s s i n g  (see F ig .  1 ) .  

vant  c o n f i g u r a t i o n  energ ies  ( b e f o r e  C I )  r e v e a l s  curve  d i s c o n t i n u i t i e s  i n  

t h e  r e g i o n  o f  t h e  maximum. T h i s  a r i s e s  f rom t h e  use o f  ground s t a t e  SCF 

o r b i t a l s  t o  c a l c u l a t e  t h e i r  energ ies (eqn. 2) .  The r e l i e f  o f  these d i s -  

I n s p e c t i o n  o f  t h e  behavior  o f  t h e  r e l e -  
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INDO BENDING POTENTIALS FOR C02 
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F I G .  

THE TOTAL ENERGY OF SELECTED ELECTRONIC STATES FOR CO2 VERSUS THE OCO ANGLE. 

( U )  ( . - . . . l a ;  6a:) BEFORE C I ;  

la ;  3b:) BEFORE C I ;  

(+) ( . - * . . l a ;  6a:) AFTER C I ;  ( 0 )  ( - * . . -  

( A )  ( . . . . . la :  3b:) AFTER C I ;  (-) Y o  (AFTER C I ) .  
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VAN-CATLEDGE 

c o n t i n u i t i e s  i s  no t  apparent a f t e r  C I .  

o f  avoided crossings i n  t h i s  region. 

p a r t i c u l a r  ( . a  --4b: 6a:), make s t rong con t r i bu t i ons  i n  t h i s  regard. The 

important f ea tu re  t o  note, however, i s  t h a t  the s lope d i s c o n t i n u i t y  f o r  

the ground s t a t e  wavefunction has been removed by t h i s  procedure. 

Th is  i s  due i n  p a r t  t o  the  p le thora  

Several con f i gu ra t i ons  no t  shown, i n  

It i s  poss ib le  t h a t  more extensive C I  might e l im ina te  the  (presumably) 

spurious maximum a l together ,  bu t  t h i s  begs the  main questions regarding 

INDO ca l cu la t i ons .  The recent  non-empir ical SCF-MO s tud ies  o f  CO2 by 

Davidson, e t .  al. ,  show no l e v e l  crossing i n  the  reg ion  90°-1800.6 Th is  

i s  completely analogous t o  the  r e s u l t s  f o r  FN0,.7 C lear ly ,  then, spurious 

l e v e l  crossing a r i ses  as a consequence o f  t he  approximations inherent  i n  

CNDO and INDO. The recent  INDO s tud ies  o f  a l l ene  deformation show a 

l o c a l  minimum which, i n  view o f  t he  r e s u l t s  repor ted  herein, i s  suspect. 

I t  seems c lea r  t h a t  these NDO methods, wh i l e  s u i t a b l e  f o r  small  molecular 

deformations, can lead t o  erroneous conclusions unless employed j u d i c i o u s l y ,  

5 
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