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The success of Walsh's method is due to the fact that  several large errors 
cancel out approximately. The ordinate of the correlation diagrams corresponds 
to the eigenvalues of the self-consistant hamiltonian. 

Introduction 

The remarkable success of the predictions based on Walsh's correlation dia- 
grams [9] has been the subject of much speculation [1, 3, 8]. The first question 
which arises is the significance of the "binding energy" associated with each 
orbital in Walsh's diagrams. Is it equivalent to the ionization potential ? Does it, 
or not, contain the internuclear Coulomb repulsion ? 

SCH~mT~:E and P~EUSS [8] consider the eigenvalues of a pseudo-hamiltonian, 
containing no interelectronic and internuclear operators, and where the effective 
nuclear charge of the central atom is given an arbitrary value. The diagrams they 
get reproduce those of WALSH rather satisfactorily. 

COULSO~ and NEILSON [3] have at tempted to justify Walsh's rules in the 
framework of the self-consistent field theory. They criticize the identification of 
Walsh's binding energies to the one-electron energies defined in the SCF theory as 

e~ -= Et + ~ (2 J/j" -- Kij) �9 (l) 
J 

They indicate two reasons against this. First, the electronic energy is not given 
by the sum of these quantities. Secondly, the nuclear repulsion energy VN is not 
taken into account. Covnso~ and NErLSO~ then define "parti t ioned energies" 

e~ -- �89 (E~ + ~ ) ,  (2) 
which have the property that  

Eground state : 2 ~ e~ -~ VN. (3) 

A plot of these partitioned energies as a function of the geometrical configuration 
of the molecule still does not take the nuclear repulsion into ~ccount. Besides, 
these diagrams are different from those of WALs~ [3, 6]. 

Recent work by  BOEr, NEWTON and LIPSCO~B [2] throws, however, some light 
on the matter.  These authors have shown that,  in the framework of the SCF theory, 
the ~tomization energy A of a molecule is approximately given by  
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2 4 ,  
i, i , a  

where s m and  ea refer  to  the  molecule  a n d  i ts  d i ssoc ia ted  a toms,  respect ive ly .  The 
t o t a l  energy  (electronic a n d  nuclear)  t hus  var ies  as a funct ion  of  the  geome t ry  of  
the  molecule  in  the  same w a y  as does the  q u a n t i t y  ~ e~n. I n  o the r  words,  the  

i 

two errors po in t ed  ou t  b y  COULSON and  N ~ s o ~  approx lm a te ly  cancel  each other .  
I t  therefore  appears  t h a t  the  use of  a rough  a p p r o x i m a t i o n  to  a SCF calcula t ion  

such as the  e x t e n d e d  Hfickel  m e t h o d  [5, 7J which ass imila tes  the  t o t a l  energy  to  
the  sum of  the  one-elect ron energies,  can y ie ld  useful  resul ts  in t he  p red ic t ion  of  
molecular  geometr ies .  This  is precisely  wha t  SCI~IDTKn and  P ~ v s s  found. We 
a r r ived  a t  the  same conclusion using a more  convent ionM method .  

l J a l c u l a t i o n s - D i s c u s s i o n  

W e  inves t i ga t ed  these  ideas  in the  course of  o ther  calculat ions,  to  be descr ibed 
more  ful ly  elsewhere. Briefly, we use a basis of  valence a tomic  orbifals ,  and  neglect  
the  over lap  everywhere  as sugges ted  b y  Por~.~ and  SANTRY [7]. The Coulomb 

Table 1. Equilibrium HX H angles. The accuracy o] the determination o] the angle which minimizes 
the calculated energy is about 2 ~ everywhere 

Molecule calc. exp. Molecule calc. exp. 

CH~ 84 ~ 103 ~ CH a t 10 ~ -~ 120 ~ 
c r y +  o - CH +  20o _ 
N H  2 93 ~ 103 ~ NIt  a 96 ~ 107 ~ 
NH+ 93 ~ - NHa+ 120 ~ 120 o 
0H~ l l 0  ~ 105 ~ OH+ t14 ~ 116 ~ 
OHm+ o - 

in tegra ls  ~ are chosen as valence s ta te  ion iza t ion  po ten t i a l s  ( ~ s c  = - 2 1 . 4  eV; 
a ~ c  = - - t l . 4  eV; a~s~ = - 2 6 . 0  eV; a~p~ = - 1 3 . 4  eV; a~so = - 3 5 . 2  eV; a ~ o  
= - 1 8 . 2 e V ;  alsH = - i 3 . 6 e V ) .  The mos t  sa t i s fac to ry  re la t ion  for the  off- 
d iagonal  e lements  fl~oq was found  to  be :  

= K + ( l  - r 1) .  (5 )  

K is t a k e n  equal  to  0.58 for CI t  a n d  N H  bonds,  and  to  0.37 for an  OH bond.  This  
choice reproduces  dissocia t ion energies fa i r ly  well;  equi l ib r ium geometr ies  are  
g iven  in  Tab.  1. 

W h e n  the  one e lec t ron energies are p l o t t e d  as a funct ion  of  the  valence angle,  
d i ag rams  comple te ly  s imilar  to  those  of  W ~ s H  are ob ta ined  (Figs. I and  2). The  
order  of  occupancy  does depend  on t h e  na tu re  of  the  centra l  a t om (compare,  e.g., 
CH 2 and  NHu), b u t  the  rise or  fall  of  the  curves corresponding to  the  first occupied 
orb i ta l s  r e m a r k a b l y  agrees wi th  Wa l sh ' s  predic t ions .  

On the  o the r  hand,  the  express ion of  the  molecu la r  orb i ta l s  does no t  cor respond 
to Wa l sh ' s  predic t ions ,  a t  leas t  as far  as t he  re la t ive  weight  of  the  2s and  2p orb i ta l s  
is concerned.  Thei r  ra t io  does no t  v a r y  ve ry  much  as the  vMence angle changes 
f rom 90 ~ to  180 ~ in  con t rad ic t ion  wi th  Wa l sh ' s  first "pr inc ip le" .  This  has  been 
known  for a long t ime  [4, 6]. 
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The situation thus appears to be the following. Walsh's method is a simulation 
of a H/ickel calculation, which is itself a simulation of a SCF calculation [2], 
which is itself an approximation to the exact solution of the SchrSdinger equation. 
The errors inherent to all stages cancel out in an intricate way. The relationship 
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Fig. 1 
Comparison betweea Walsh's diagram for AH 2 molecules, and the one-electron eper~es of CH2, NH 2, and OH~ 

between the ttfickel and the SCF methods is about to be understood. The rela- 
tionship between Walsh's and H/iekel's procedures is even more complex, since 
the former relies on an assumption concerning the weight of the 2s orbital as a 
function of the geometry which is known to be invahd. 
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Fig. 2. Comparison between Walsh's diagram for AlIa molecules, and the one-electron energies of CHs and Nlia 

The authors wish to thank Professor L. I)'O~ for his interest in this work. Support from 
the Fonds de la Recherche Scientifique Fondamentale Collective is gratefully acknowledged. 

R e f e r e n c e s  

[lj BINGEL, W. A.: In  "Molecular 0rbitals in Chemistry, Physics, and Biology", ed. 
P. L6WDI~, B. PULLMAN, p. t91. New York: Academic Press 1964. 

[2] BOEr, F. P., M. I). NEWTON, and W. N. LI~SCOMB: Proc. nat. Acad. Sci. (USA) 52, 890 
(1964). 

[3] COVLSO~, C. A., and A. H. NEILSOX: Discuss. Faraday Soe. 85, 7t (i963). 
[g] ELLISON, F. 0., and H. SneLL: J. chem. Physics 23, 2348 (i955). 
[5] HOFFmAnN, R. : J. chem. Physics 39, 1397 (1963). 
[6] KRAUSS, M.: J. Res. nat. Bur. Standards 68 A, 635 (1965). 
[7] POPLE, J. A., and I). P. SANTXu Molecular Physics 7, 269 (1964). 
[8] SCl~WlDTKE, H. H., u. H. P~EUSS: Z. Naturforsch. 16a, 790 (1961). 

- -  Z. Naturforsch. 17a, 121 (1962). 
[9] WALSH, A. I).: J. Chem. Soc. (London) 2260, 2266, 2288, 2296 (1953). 

I)r. J. C. LO~QUEm 
Institut de Chimie 
Universit6 de LiSge 
Quai F. Roosevelt ~[ 
Liege, Belgien 


