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Abstract

In this article, on an example of the variation of types of exchange-
correlation electron - electron interaction, we have traced the genetic relationship
between calculated methods Hartree-Fock, Hartree-Fock-Slater, Density
Functional Theory.
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The Hartree-Fock-Slater (HFS) method is an effective approach that
combines the Hartree-Fock method and methods of Density Functional Theory
[1]. Most the Hartree-Fock-Slater method is called X,-method. In the classical
variant of HFS correlation of electrons are neglected, and the exchange potential
for electrons with opposite spins can be represented as

TP TP /4
Vx () = =30 —p" (]

(D)

TR SR
Vy (=30t

where pN (r1) 1s the density of electrons with up and down spins. The type of

potential (1) is determined through a variation of exchange energy along the
electronic density. Using of X,-method show that this method is suitable for the
investigation of different properties not only single atoms but for rather complex
molecules and solid states [1].

According [2] the type of approximation for exchange-correlation
interaction plays very important role for explanation of properties of condensed
matter. Historically the first approximation for exchange potential was expression
received by Slater within approximation of free electron which in atomic units (%
=m = e = 1) can be written as:
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where p' (1)) = % p is the density of electron with spin up and p — is total

electronic density. In works of Kohn with coauthors [3] was formulated density

function theory of electronic density and within approximation of free electrons

was received the next expression for exchange potential:
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Later this contribution became written in total kind according the next
expression:
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and named as X,-approximation in which a parameter varies within limit from 2/3
up to 1.
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From [4] follow that in program code, realized X,-DV method the
approximation of functional of electronic density is used. This approximation was
introduced by Hohenberg and Kohn in 1964 [3] and within that the properties of
basic state of system are the function of charge density p. In particular the total
energy of system £y, can be written by the next expression:

Ewe = T(p) + U(p) + Ex(p) , (5)

where 7(p) is the kinetic energy of non interacted particles with density p, U(p) is
the classic electrostatic energy caused by Coulomb electron-electron and electron-
nuclear interactions, E\.(p) includes many-particles contributions into the total
energy, i.e. exchange and correlation energies.

Particularity of DV approach is the calculation of matrix elements of one
electron Hamiltonian without expansion on to integrals calculated on the basic
functions and without limits imposed for example in “tight-binding”
approximation [5].

According to [4] Coulomb interaction exists between electrons also. This
interaction should lead to a decrease in the probability of finding the electrons at
close quarters, resulting in a one-electron wave function must depend on the
position of the other electrons. This effect in Hartree-Fock method did not take to
account because the influence of remaining electrons is calculated exactly. The
deferent corrections to exchange potential which turn it to exchange-correlation
potential are developed by to account Coulomb correlation in approximate
approaches. For example given potential may be written as Slater potential with
factor a( ) which depend from r, parameter and is not a constant:

V)f'a - - a(rs IV/\ZF (VI)] mean > (6)

where a/(r;) can be written for example in commonly practiced form introduced by

Hedin-Lundqvist [6] which reflect the fact that oc(rs)=§ at =0 and o ry) grows

with growing of 7:

7

a(r,)= % +0.02117, ln[l 243 J (7)
Within this work we used the exchange-correlation potential in
Gunnarsson-Lundqvist [7] form:

a(r.) =1+0.0545r, In(1+ 14 J_r%(l ~0.0367, —
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correspond to the potential for the electrons with spin up, and the lower - for the
electrons with spin down.

The results show that the position of the minimum of the total energy
depends on the choice of the kind of the electron-electron exchange-correlation
potential.

where rg =] and the upper signs in (8)
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