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The Xa method with self-comistent parameter C~so F has been used to calculate elec- 
tronegativities and harclnesses of several atoms and ions. Slater's transition state method 
has been applied, too. The Xa resulta are in agreement with the experimental data and 
other theoretical values. 

1. Introduction 

Recently, several chemical concepts have been rigorously established within 
the density functionM theory [1-41. The electronegativity is de¡ as the negative 
of the chemical potential of the density functional theory. The absolute h�91 
has been recently de¡ by P�91 and Pe�91 [5] as the derivative of the chemical 
potential with respect to the number of electrons. 

Atonª electronegativities have been calculated using several approximate 
energy functionals, especially the Xa method with the transition state concept [6] 
has been widely applied in the calculations [7-11]. H�91 of elements have aleo 
been determined with the Xa method [10, 11]. 

Here, electronegativities and h�91 of several aroma and ions determined 
with the Xa method having a self-consistent parameter cz �91 presented. (Recently, 
the ionisation energies, electron al¡ and chemical potentials of several elements 
have been c�91 with this method [12].) Electronegativities and h�91 of 
several singly, doubly and triply ionized positive ions have been calculated. The 
resulta are in good agreement with the experimental data. 

2. A b  i n i t i o  s e l f - c o n s i s t e n t  p a r a m e t e r  a in  t h e  X ~  m e t h o d  

The way of calculating the self-consistent parameter a in the Xa method has 
been discussed in several e�91 papera [13, 14]. Here, only an outline is presented. 
The starting point of the method is the free-electron gas model. The exchange 
potential �91 on ma electron with spin up is given by 
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where 

and 

( ) i/a 
Vxt(r) = -8F(~) 3 & ( r )  , (1) 

1 1 ~_~j2 1 + 
F(~') = ~ + ~ l n  C2) 

= v_ (3) 
Pr 

the reduced momentum of the electron considered, pp is the Fermi momentum 

and & (-r) ~s the total electron density of the ehctrons having spin up. The usuM 
way of obtaming the Xa exchange potential is to introduce an averaging procedure 
in the Fermi sphere. Ir the average ~ done for the whole Fermi sphere the vahe 
proposed by Slater [15], a = 1, is given. On the other hand, an average near the 
Fermi surface for a layer thickness of which goes to zero leads to of = 2/3, the 
value suggested by G• [16] and later Kohn and $ham [17]. A physically more 
plausible case between these extreme ones can be defined by an average fo ra  layer 
with tJ~T = u'v4 electrons in the unir volume near the Fermi sufface. Ir leads to the 
exchange potential 

wh�91 

Vx~ d ( r ) - - - 6 o  4 ( r )  ~ P T  ( r ) i / 3  (4) 

a, nd 

o4 ( - ~ ) =  P__L [ 1 - 1 3  1 1 2 In l+s ' i  ] (s )  

~ j  . (6) 

The expression (6) gives different functions a~ ( r )  for the different spin orbitals 

~ .  Recently, the r-dependence of the function a~ ( 7 )  has been studied [18]. Ir is 
possible to introduce ah average over the shells: 

iŸ 

I\ 
where ~ is the occupation number of the shell i. It has been shown that a T ~ r )  has 

only a slight r-dependence, ir can be considered a constant value [14]. This constant 
value can be determined self-consistently and is generaUy referred to ascF. This 
way of ca]culating the exchange potential contains no fitting or adjustment, this 
method can be regarded an ab initio one. 
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3. Calculation of electronegativity and hardness in the Xc~ method 

The electronegativity X has been defined [1, 19] as the negative of the chemical 
potential 

a E  
X = - ~  = - 0 N "  (8) 

It has been shown [1, 7, 12] that the electronegativity can be approximated by the 
Mulliken formula [20] 

x. = ~(~ + A), (9) 

where I and A ate the first ionization energy and the electron affinity, respectively. 
In the Xa method, the electronegativity can be given by the highest occupied orbital 
energy in open shell systems [7, 12, 21] and with the transition-state method [6] in 
closed sheU systems [7, 12]. 

The absolute hardness of an atom or a molecule has been de¡ by Parr and 
Pearson [5] as 

~=~\0-~/~=~ ~�9 ~' 
where v is the extern�91 potential. It has been shown that the hardness can be 
approximated [5, 10, 111 as 

= ~-(,- A). 
4 

(11) 

Table  I 
Hardnesses of several a toms (in eV) 

Atom I? �88 < r -I >~ �88 < r -I >~ Other estimates for ~? 

(XascP method) (aHF) Al10] B[23] CI5 ] 

Li 2.08 2.33 2.42 4.03 3.06 2.38 
B 2.82 4.17 4.14 4.33 4.39 6.01 
C 5.57 5.37 5.32 5.50 5.49 5.00 
O 7.39 7.65 7.61 6.14 6.42 6.08 
F 8.25 8.77 8.73 7.37 7.52 7.01 
Na 2.37 2,13 2.16 3.58 2.91 2.30 
Al 2,96 2.62 2.64 2.83 2.94 2.77 
Si 3.58 3.30 3.31 3.55 3.61 3.38 
P 5.20 3.92 3.93 5.93 5.42 4.86 
S 4.68 4.52 4%3 4.08 4.28 4.12 
Ci 5.20 5.10 5.11 4,79 4.91 4.70 
K 1.96 1.71 1.74 2.84 2.35 1.92 
Br 4.60 4.27 4.28 4.28 4.40 4.24 

Electronegativities of several atoms calculated with the Xc~ method having self- 
consistent parameter a have already been presented [12]. Table I shows the haxd- 
nesses of several atoms determined with paxameters aSCF. The values in column 
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A have been obtained from a spin pol�91 Xa calculation [I0] with parameter 
aHF [22]. The column B presents the results of a local-spin-density calculation [23]. 
The experimental data obtained from experimental ionization energies and electron 
al¡ using the expression (11) [5] can be seen in the column C. The results of 
the Xa method with parameter aSCF are in agreement with the other estimates 
for the h�91 Gasquez and Ortiz [11] have shown that the h�91 of ah open 
shell atom can be approximated as the one-quaxter of the expectation value r -I of 
the highest occupied atomic orbital: 

1 r - ~  (12) r/ = -~ < > i .  

Table I contains these expecta t ion  values de te rmined  with parameters  aSCF and 
a H r  [11]. They  �91 real ly close to the other  es t imates  for the h�91 

P �91  and Pearson [5] have presented exper imenta l  hardnesses for several ions. 
Calcula ted values on hardness  have not been published.  Table II  shows the resulta 
of the X a  calculations wi th  p �91  C~scF. We have obtained the H �91  
resulta f rom [25] using Koopmans '  theorem. Electronegativit ies of several positive 
ions have been calculated in the density funct ional  theory  [26]. Table II  contains 

T a b l e  II  
Electronegativities, electron aflinitiee and hardnesses of 

a few ions (in eV) 

x A , x A ,7 X A 
Ion Calculated with Experimental Hartree-Fock 

(Xasc r method) values [5, 24] result~ [25] 

Al+ 11.85 5.14 6.71 12.4 6.0 6.4 11.75 5.7 6.05 
Al2+ 23.18 18.56 4.62 23.6 18.8 4.8 22.95 17.8 5.15 
Als+ 75.26 27.80 47.46 74.2 28.4 45.8 75.05 28.1 46.95 
Ca + 8.45 5.81 2.71 9.0 6.1 2.9 8 .3  5.3 3.0 
Ca z+ 30.96 11.23 19.73 31.55 11.9 19.65 31.15 11.3 19.88 
Ca a+ 59.34 50.69 8.65 59.25 51.2 8.05 59.5 51.0 8.5 
Fe + 11.71 8.00 3.72 12.05 7.9 4.15 13.04 7.0 6.04 
Fe 2+ 24.64 15.43 9.21 23.45 16.2 7.25 27.44 19.07 8.36 
Fe s+ 43.37 33.85 9.52 42.75 30.7 12.05 46.1 35.8 10.3 
Br + 16.78 11.69 5.09 16.7 11.8 4.9 17.6 12.4 5.2 
Br 2+ 27.49 21.87 5 . 6 2  28.75 21.6 7.15 28.95 22.8 6.15 
Br s+ 39.15 33.11 6.04 41.6 35.9 5.7 40.75 35.1 5.65 

electronegativities and  electron af¡ of a few ions calculated with the X a  
method  using the pa ramete r  a s c  F and Slater 's  t ransi t ion state me thod  [6, 12]. 
There  is good agreement  between the calculated and experimental  da ta .  

In conclusion, it can be s tated tha t  this ab initio way of calculat ing the ex- 
change potent ial  wi thin  the X a  method  is useful to  determine the electronegativit ies 
and h�91 of aroma and molecules. I t i s  a parameter-free method ,  there is no 
fitt ing or ~djustment  in ir. 
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