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In a recent article Gopinathan and Jug have proposed a definition of atomic 
valency which had previously been given by Armstrong, Perkins and Stewart 
for closed shell molecules. The validity and interpretation of this definition 
for open shell systems is discussed. A new parameter for structural analysis, 
the free electron index, is presented. 
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Recently, Gopinathan and Jug [1] have proposed the following definition of 
atomic valency for closed and open shell systems 

V~ J= E E X P~b (1) 
a c A  B # A  b ~ . B  

where VA ~ is the valency of  atom A and Pab is the density matrix element for 
orbitals a and b associated to atoms A and B respectively. We want to point out 
that this expression had already been given a long time ago by Armstrong et al. 
[2] for the closed shell case. This fact was omitted by the aforementioned authors. 
Armstrong et al. proposed a general expression for atomic valency 

V APs= • 2Paa- ~ E p2ab (2) 
a c A  a a A  b a A  

which reduces to Eq. (1) for a closed shell molecule due to the duodempotency 
property of the density matrix obtained using the orthogonal molecular orbitals 
in NDO-type theories. The authors suggested that the difference between Eqs. 
(2) and (1) should be interpreted as a measure of reactivity or free valency [2] 

FAeS E 2Paa-E E E 2 = P~b. (3) 
a ~ A  B a ~ A  b E B  
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The main difference between both definitions in the open shell case is that Eq. 
(1) is a measure of the number of simple bonds which arrive at the considered 
atom, as it may be seen if Eq. (1) is rewritten in terms of Wiberg's bond index 
BAn [3] 

V~ J = E BAB (4) 
B ~ A  

BAB E Z 2 = P a ~ .  (5) 
a e A  b ~ B  

On the other hand, Eq. (2) is a measure of  the capacity of bonding due not only 
to the real bonds but to the nonbonded electrons as well. In a subsequent paper 
[4] Gopinathan and Jug have applied their definition to closed and open shell 
molecular systems and, in order to have a means of measuring chemical reactivity, 
they have defined a free valency index 

FA ~  V ~ -  VA cJ (6) 

where V~ is a reference valency which the authors define as "an integer value 
around which the computed valency of A is distributed in a large number of 
compounds" [4]. This definition implies that a molecule would react in such a 
way as to achieve the reference valency for each considered atom, irrespective 
of their different properties in different kinds of molecules. In Table 1 we show 
MNDO [5] calculations of  methyl radical and nitric oxide. As may be seen, in 
the methyl radical example the value of V.~ Ps represents the tetravalency of 
carbon, while the value of  the corresponding VA GJ indicates that carbon is bonded 
by simple covalent bonds to three hydrogen atoms. The values of F APs and F ~  J 
indicate the existence of an odd electron or subvalency. In the nitric oxide example 
VA GJ does not differentiate between both atoms since obviously they are linked 
by the same number of bonds, while V APs indicates that the nitrogen atom has 
an increased bonding capacity as it is well known. Both F Avs and F ~  j show that 
the nitrogen atom is more reactive than the oxygen atom. 

For a closed shell system, obviously, FAA Ps ---- 0 SO that in the scheme of Armstrong 
et al. one must rely on the value of V Aes to measure chemical reactivity. 

We want also to point out an incorrect partitioning of electron density in the 
article of Armstrong et al. [2]. They have started from the following relationship 
between BAB and the total number of electrons N 

Z E  BAB 2 = Y~ • Pab = Tr (p2) = Tr (2P) = 2 N  (7) 
B A  a b  

Table l .  Valencies and free valencies from M N D O  calculations for methyl radical and nitric oxide 

Molecule Atom V APs VOA J F APs FOA J 

Methyl radical C 3.900 2.997 0.903 1.003 
Nitric oxide N 2.787 2.141 0.646 0.859 

O 2.495 2.141 0.354 -0.141 

For the definition of the quantities see text 
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and they have parti t ioned N in the following way 

BAA 
g : ~a B < A ~ B AB "}- ~ - -  = 2 A B < A ~" N bA B + ~A N ~A (8) 

where N ~  = BAA/2 is the number  of  electrons on atom A and Nban = Ban is the 
number  of  electrons in bond A - B. We consider that this definition is not adequate 
because NbAB takes a value of 1 for a covalent two electron bond and not 2 as 
one would expect. 

Therefore, we suggest the following definition 

NbAB = 2BAB (9) 

and rewriting Eq. (8) 

N = Y ,  B<A 2BABq-~A ( f f - ~ - -  ~B<A BAB) ( 1 0 )  

we find a new expression for the number of  electrons in atom A 

BAB n a a -  V APS a BAA_ ~ - - _  (11) 
N A =  2 Bg:A 2 2 

where use has been made of Eq. (2) for a closed shell molecule. This quantity 
is a measure of  the number  of  electrons on atom A which do not participate in 
bonds (i.e. lone pairs, unpaired electrons, etc.). We consider that this parameter,  
which we shall call free electron index, together with bond index and valency is 
indispensable for a correct description of molecular systems in terms of Lewis 
structural scheme. 

For an open shell molecule, Eq. (7) is not valid since use has been made of  the 
duodempotency of P, which does not, hold for open shell systems. The correct 
expression for both closed and open shell molecules is 

2 N  = Tr (2P) = ~ 2Paa = Y~ (vAPS+ BAA). (12) 
a A 

I f  we use the same definition for NbB as above (Eq. (9)) we find 

N=~A ~ 2BAB+~( VAPs+BAA ~ BAB) (13) 
B<A A \ 2 B#A 

so that the new definition for the free electron index is 

V APs + BAA 
N~A ~ BAB. (14) 

2 B#A 

It may be easily seen that Eq. (14) reduces to Eq. (11) for a closed shell molecule. 
In the Gopina than-Jug  scheme this last quantity may be calculated as N,~ = 
6A-- VA ~j, with 8A=~a~a Paa the electronic density on atom A. 

In Table 2, we show the N~, values obtained from M N D O  calculations of  several 
closed and open shell molecules. We also report the corresponding anisotropy 
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Table 2. Free electron indices (N~) and anisotropies (LA) from MNDO calculations 

Molecule Atom N~ L a Molecule Atom N~ L A 

N2 N 2.00 0.28 BH 3 B -0.04 0.38 
02 (triplet) O 4.50 0.27 NO 2 N 1.52 0.19 
02 (singlet) O 4.00 0.77 O 4.29 0.39 
CO C 1.33 0.54 H30 + O 3.44 0.36 

O 3.76 0.19 NH 3 N 2.26 0.51 
NO (doublet) N 2.83 0 .44  CH3NH z N 2.32 0.49 

O 3.88 0 .29  (CH3)2NH N 2.38 0.46 
H20 O 4.39 0 .64  (CH3)3N N 2.50 0.46 
SO 2 S 2.09 0 .22  CrHsNH2 N 2.19 0.47 

O 4.56 0 .44  CH3OH O 4.33 0.57 
HCN C 0.20 0.01 CH3CH2OH O 4.32 0.57 

N 2.11 0.31 C6HsOH O 4.13 0.54 
HNC C 1.24 0 .50  CH3OH'- O 4.68 0.46 

N 2.07 0.09 C 0.13 0.03 
CH 3 C 1.20 0.01 

[2] values  (LA) which  measure  the non-spher ic i ty  o f  e lec t ron dens i ty  a r o u n d  an 
atom. It  m a y  be  seen that  the  N ~  values are  close to the  n u m b e r  o f  e lect rons  in 
lone  pai rs  or  rad ica l s  which  one  could  der ive  f rom Lewis formulae .  Fo r  the amine  
series the  free e lec t ron  index  increases  in the  order :  a n i l i n e < a m m o n i a <  
m e t h y l a m i n e  < d i m e t h y l a m i n e  < t r ime thy lamine ,  co r r e spond ing  to a decrease  o f  
e lec t ron dens i ty  on the n i t rogen  a tom in ani l ine  c o m p a r e d  with a m m o n i a  and  a 
progress ive  increase  o f  this quant i ty  with the  r ep l acemen t  o f  hydrogen  a toms  by  
methyl  groups .  We see tha t  an i so t ropy  does  not  mimic  this t endency  very well. 
The  N~t va lue  for  methyl  rad ica l  indica tes  c lear ly  the  exis tence o f  an u n p a i r e d  
electron,  whi le  an i so t ropy  is a lmos t  null .  The  on ly  a tom in the  table  with a 
negat ive  va lue  o f  N ~  is the  b o r o n  a tom in borane ,  in acco rdance  with its known  
e lec t ronic  deficiency.  F ina l ly  we see tha t  in pheno l  the  oxygen  a tom has  a lower  

value  o f  N ~  c o m p a r e d  with  the  a l ipha t ic  a lcohols ,  a t t r ibu tab le  to the  delocal iz-  
a t ion  o f  the  lone  pai rs  on  the a romat ic  ring. 

As G o p i n a t h a n  and  Jug [1] also r epor t ed  an  express ion  for  the va lency  o f  an 
a tomic  o rb i t a l  in a molecu le  f rom which  they  der ived  the a tomic  va lency  fo rmula  
(1), we wan t  to define the  co r r e spond ing  quan t i ty  in the fo rma l i sm o f  Arms t rong  
et al. 

v ~ S = 2 p o o  - E P ~  (15) 
b E A  

where  V aPs is the va lency  o f  the a tomic  orb i ta l  a cent red  on a tom A. Fina l ly ,  
we want  to quote  an ex tens ion  o f  Arms t rong  et al. f o rmulae  to ab initio SCF-  
L C A O - M O  ca lcu la t ions  by  M a y e r  [6] and  an ex tens ion  o f  the work  o f  G o p i n a t h a n  
and  Jug on  the C I  level [7]. 
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