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Abstract — Many approximate methods have been developed in molecular orbital theory. The most widely
used of these theoretical methods is the Hatree-Fock-Roothaan (HFR) coherent field approach. Appropriate
atomic orbitals must be selected for calculations in this approach. There are two types of atomic orbitals
commonly used: Slater-type orbitals (STO) and Gaussian-type orbitals (GTO). In this study, STOs were
investigated. As is known, STOs are not orthogonal to the principal quantum numbers, which poses some
difficulties in electronic structure calculations. Orthogonal and orthonormal Slater-type orbitals were
formed for principal quantum numbers larger than known STOs using the Gramm-Schmidt method.
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I. INTRODUCTION

The purpose of molecular structure theory is to
study the interactions and motions of atomic nuclei
and electrons with each other. Basically, such
theories aim to give an accurate quantitative
description of the structure and chemical properties
of molecules.

Today, these theories are provided using quantum
theory-based approaches based on the Schrodinger
equation. However, the solution of the Schrodinger
equation for multi-electron systems is difficult.
Different approximate methods should be used to
overcome this difficulty.

Valence bond theory: It was first proposed by
London and Heitler for their work on the hydrogen
molecule [1]. Later, this theory was developed by
Pauling (Pauling, 1935).

Calculating the properties of molecules in most
systems can be reduced to mathematical problems
in molecular orbital theory [2]. The most important
issue here is the diagonalization and calculation of
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the effective interaction energy matrix of the
system. Many computer programs have been
developed so far to make these calculations.

Ab initio is based on quantum mechanical methods,
and electronic structure and related properties can
be calculated with these methods. The computation
time is too long. Some approaches can be made to
reduce the computation time. However, such a path
may cause slight deviations in the information about
the molecular structure. Computing polycenter
integrals in ab initio calculations is quite difficult.
However, in recent vyears, thanks to the
developments in computer technology, computer
programs have been developed that can overcome
mathematical problems within the ab-initio
theoretical approach [3]. The HFR approximation is
the most widely used approximate method for
solving the Schrodinger equation in multi-electron
systems. In HFR theory, molecular orbitals, which
are the one-electron wave function of the molecule,
are taken as the linear sum of atomic orbitals. To
solve some physical equations, the important thing
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is to choose the basic functions that are suitable for
the physical problems. A useful basis function must
satisfy two conditions. First, it should be at the peak
at the origin [4], and secondly, it should decrease
exponentially at infinity. Slater type orbitals (STO)
are used in some studies.

The STO used to study the physical and chemical
properties of multi-electron systems must be
orthogonal and orthonormal to represent the full
wave function. STOs are orthonormal. But it is not
orthogonal. This deficiency is corrected by the
Gramm-Schmidt straightening method [5].

In this study, STOs were made orthogonal using
Gramm-Schmidt straightening method. Then, the
orthogonal STOs obtained were normalized with the
normalization formula.

Materials and Method

Ortahnormaliztion of STO by using Gramm-
Schmidt Method

The Gram-Schmidt method follows the steps below:
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is defined following as:
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S (6.9) = %[Yﬂm (6.9)+1,, (6. 9’)]

S (0 0) = 1\}5 [Yr\m (6.0)-Y., (6, 9’)] ©)

S10(9,¢)=Ym(9,¢)
Gramm-Schmidt straightening method is used for

orthogonalization of Slater type atomic orbitals.
This method is expressed by the formula below [7]:
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Orthonormalizations of STO

Orthogonal Slater type orbitals are brought into
orthonormal state using the normalization formula.
This formula is taken as follows [8]:
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In this study, STOs with principal quantum numbers
from 6 to 7 were made orthogonal with the
normalization formula.

RESULTS

Since it is not possible to solve the Schrodinger
equation for multi-electron systems, different
approximate methods are used. One of these
methods is the HFR approach. The choice of basis
function is very important in solving the HFR
equation. Generally, Slater type and Gaussian type



basis functions are used. The formulae for
orthonormalized STO have given Tables 1-3 [9,11].

Table 1. Orthonormalized STO
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Table 2. Orthonormalized STO
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Table 3. Orthonormalized STO
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Il. DISCUSSION

As it is known, the basic functions used are
orthonormal and not orthogonal. In this study, the
Slater type atomic orbital (n, 1, m) is made
orthogonal according to the values of the quantum
numbers by using the Gramm-Schmidt Rectification
method.

CONCLUSION

The results obtained in the solution of the HFR
equation for the physical properties of multi-
electron systems using the basic functions we have
created are very important.
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