Theoret. chim. Acta (Berl.) 17, 209—215(1970)

Gaussian Basis Sets for the
First and Second Row Atoms

B. Roos and P. SIEGBAHN

Institute of Theoretical Physics, University of Stockholm
Vanadisvégen 9, 11346 Stockholm, Sweden

Received November 5, 1969

Gaussian basis sets consisting for first row atoms of 7 s-type and 3 p-type and for second row
atoms of 10 s-type and 6 p-type functions with optimized exponents are reported. These basis sets
consists of at least two functions per atomic orbital.

Es werden fiir die Atome der ersten und zweiten Reihe Basissitze aus GauBfunktionen mit-
geteilt, die aus 7 Funktionen vom s-Typ und 3 Funktionen vom p-Typ fiir die Elemente der ersten Reihe
und 10 Funktionen vom s-Typ und 6 Funktionen vom p-Typ fiir die Elemente der zweiten Rejhe mit
optimierten Exponenten bestehen. Diese Basissdtze bestehen aus wenigstens zwei Funktionen pro
Atomorbital.

Une base de 7 gaussiens du type s et 3 du type p est presenté pour les éléments du premier rang
et de 10 gaussiens du type s et 6 du type p pour des éléments du deuxiéme rang; les exposants sont
optimisés. Les bases consistent au moins en deux fonctions par orbital atomique.

Several large computer program systems are today available for large scale
all electron MO-SCF calculations on molecules, using Gaussian functions as
basis orbitals. Atomic basis sets for use in such calculations are available in the
literature [1-12]. The basis sets with fully optimized exponents for the
separate atoms are at the Hartree-Fock limit. In order to achieve this many

Table 1. Total energy (in a.u.)

Atom GTO STO

Li(%S) — 7429 — 7433
Be (18) ~ 14.567 — 14573
B(?P) — 24514 — 24529
C(®P) — 37.656 — 37.689
N (*S) — 54339 — 54401
O (P) — 74.700 — 74.809
F(2P) — 99234 — 99.409
Ne (1) —128.284 —128.547
Na (25) —161.787 —161.859
Mg (*S) —199.534 ~199.615
Al(?P) —241811 —241.877
Si (3P) —288.773 —288.854
P (*S) —340.630 —340.719
SCp) —397.400 —397.505
Cl1(?P) —459.358 —459.482

Ar (15) —526.673 —526.817
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GTO’s had to be used for each of the individual atomic orbitals. Even if the
contraction technique is used, these basis sets cannot be used in molecular
wavefunction calculations for larger molecules. The computational times would
be too long. Calculations on molecules consisting of more than around five
atoms (hydrogen atoms not counted) therefore have to use basis sets of more
limited size. Many such calculations have been reported, but a collection of
atomic orbitals with fully optimized exponents seems to be missing.

This paper reports Gaussian type orbitals for first and second row atoms.
A limited size basis should be constructed in a way which permits some
flexibility in the valence orbitals. This is necessary in order to obtain a basis
which can be used in MO-SCF calculations, without further optimization of
orbital exponents. For this reason each atomic orbital should be composed of at
least two Gaussian functions. This is achieved for first row atoms with
7s-type and 3p-type functions, and for second row atoms with 10s-type and
6p-type functions.

The orbital exponent optimization was performed by means of an atomic
SCF program written by one of us [13]. All exponents were optimized
simultaneously, using a combined method of one and many dimensional
exponent variations, together with a scaling procedure.

It is not claimed that the exponents reported here are completely optimal
in all cases. Further optimization might decrease the total energy somewhat.
The energy improvement will for first and second row atoms certainly be less
than 0.01 a.u. This is clearly of little importance in MO-SCF calculations,
where these basis sets are used.

Table 1 gives the total energy obtained with the present GTO basis.
Comparison is made to the HF energies obtained by Clementi [14]. The GTO
energies are for first and second row atoms in most cases less than 0.1 a.u. above
the HF limit.

GTO exponents and atomic orbital expansion coefficients are presented in
Tables 2-5.

In another paper the addition of polarization functions for first and second
row atoms will be discussed. 3d-orbitals with exponents optimized in molecules
will be reported [15]. ‘
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