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Abstract 

 
In framework of this article the Xα - discrete variation method is discussed 

in detail. Calculation method allows describe of fragments (clusters) in solid state 
with arbitrary type of symmetry.  
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At first the method of discrete variation (DV) as a way of building a non-
spherical crystal potential for the solutions of the problems of building energy  
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bands was proposed in 1970 by Ellis and Painter [1]. The authors [1] suggested 
that it is necessary to use different approaches to describe the electron-electron 
interaction in the modeling of the electronic structure of metals and materials with 
ionic or covalent interatomic bonding. This has led to the need to reject "muffin-
tin" spherically averaged potentials and the use of asymmetrical their analog. Xα-
DV method, which includes a more complex form of the exchange potential, has 
been proposed to calculate the electron density in the non-metals. 

According to [2, 3] the details of the computational procedure that 
implements a self-consistent Xα-DV method are consisting in application of a 
number of next approximations. 

a) Molecular wave function λψ  is expanded into a series respect to the 

basis of the wave functions iχ  

λψ  = ii iC χλ∑ ,                                                                                       (1) 

where iχ  is the symmetrized linear combination of atomic orbitals (LCAO) 
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νr
r  - coordinate, referred to the atom ν . Here il

mWν  are the symmetrized 

coefficients derived from the theory of groups, and the basic functions )(rnlm
rνφ are 

the orbital functions centered at the positions of atoms: 

)(rnlm
rνφ  = )ˆ()( rlmYrnlRν ,                                                                      (3) 

where )(rnlRν  - radial part of the atomic orbital, which are generated by 

numerical solution of the atomic problem. 
In this paper, the type of symmetry of the clusters are not always taken 

into account and the calculation was carried out with completely unsymmetrical 
cluster, allowing a unified approach to calculate the electronic structure of 
clusters, matching the number and nature of the interacting atoms and differ only 
in the degree of disorder of the spatial arrangement of atoms [4]. 

The radial functions )(rRnl
ν  are obtained as the solution of the radial 

equation: 
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where νV  - atomic potential. Such a numerical solution can be easily obtained by 
using the the Hartree-Fock-Slater (HFS) atomic computer program [5]. 

Spherical atomic potential )(rVν  in the program HFS can be selected as 
follows. 

1) The potential (I) of a free atom with a given electron configuration, 
which corresponds to the ground state of the atom. 
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2) The potential (II), which is constructed from a potential (I) plus the 

appropriate square-well potential. 
3) The potential (III) of a free atom with the corresponding electron 

configuration that results from molecular self-consistent calculation. 
4) The potential (IV), taking into account the potential of the potential 

well. 
5) The potential (V) is determined by averaging the spherical self-

consistent molecular potential around each nucleus for areas inside the atomic 
spheres and adoption potential of a free atom beyond the spheres. 

In the case of (III – V) potentials basic functions are modified according to 
the change of molecular charge on each iteration, so that the result is optimized 
basis functions. The potential (III) was used in this work. 

b) It is shown that among the various basis sets only Slater exponential 
basis provides the greatest accuracy. In this case the basis functions can be written 
as  

),()(1 ϕσθα
σ mSm

lPrenrnlmNnlma −−=                                             (5) 

where N  is the normalization constant, m
lP  is associated Legendre polynomials, 

σ
mS  is real trigonometric function ϕmsin  or ϕmcos . 

For calculation purposes the suitable selection is a real basis functions. 
Tables of the exact wave functions respect to this basis for many of the atoms and 
ions are published in [6]. 

c) The another advantage of the Slater orbital basis arises if we consider 
the multi-center molecule or crystal. Multicentre basis set may be formed as a set 
of functions of type (V), each centered at a nuclear site. This multicenter set can 
be represented as the orbital vicinity of each nucleus, and the overlap and mixing 
of different atomic sets can provide accurate description of wave functions within 
the internuclear regions. This also makes it easy to analyze the resulting wave 
functions from occurring relative deviations of the wave functions of the basic 
atoms or ions. To date, a large number of small molecules using multicenter Slater 
orbitals as a basis set are investigated. The results show that the optimized 
minimum Slater basis is a wonderful approach to the corresponding functions 
calculated in the Hartree-Fock approximation. In this basis, a small number of 
functions are selected for each center, the systematic variation of the coefficients 
leads to a minimum of energy. The main criterion for each of the molecular wave 
function is usually compared with the experimental binding energies and 
variations charges. 

As the boundary conditions in this paper we used the Watson sphere [7]. 
The boundary conditions with the using of the Watson sphere suggest the 
presence of a sphere of radius RS, which surround the investigated cluster. 

Sphere radius RS and uniformly distributed over the area of Watson sphere 
electrostatic charge QS automatically, i.e. programmatically, determined so that 
the electrostatic charge QS, can fully compensate for the electrostatic field  
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generated by the charges distributed over the atoms of the cluster and the cluster 
inter atomic space, i.e. charges inside the Watson sphere. 
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