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A Gaussian basis set consisting of 12s-type and 9p-type functions has been optimized for the se-
cond-row atoms. Energy values are also reported for different contractions of this basis set.

Es wird ein Basissatz von 12s- und 9p-GauBfunktionen fiir die Atome der zweiten Periode opti-
miert. Fiir verschiedene Kontraktionen dieser Basis werden die Energiewerte angegeben.

On presente un ensemble optimal de fonctions de base gaussiennes pour les atomes de la seconde
ligne. Cet ensemble comprend 12 fonctions du type s et 9 fonctions du type p. On etudie egalement
leffet de differentes contractions de cet ensemble sur I'energie totale.

Most of ab initio calculations for molecules of general geometry resort to
gaussian orbitals for the expansion of the wavefunction. In this respect, the basis
set optimized by Huzinaga for the first row atoms [1] has proved extremely
useful, since the sets used for molecules are usually too large to allow any optimiza-
tion of the orbital exponents. The work of Huzinaga was restricted to the first-row

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

GTO*® CGTO® STO®
Na(25) —161.85259 —161.84160 —161.85889
Mg('S) —199.60777 —199.59312 —199.61458
Al(’P) —241.87118 —241.85580 —241.87665
Si3P) —288.84857 —288.83328 —288.85426
P(*S) —340.71213 —340.69578 —340.71866
SCP) —397.49776 —397.48183 —397.50475
Cl(*P) —459.47405 —459.45557 —459.48187
Ar('S) —526.80828 —526.78325 —526.81734

* Uncontracted basis set 125, 9p.
® Best result from Table 5.
¢ Best result with Slater orbitals from Ref. [5].

atoms. We report here an optimized basis set for the second-row atoms. Optimiza-
tion of the basis set was achieved through minimization of the SCF atomic energy
with respect to the gaussian orbital exponents. Other methods can also be used,
such as a least-square fitting of Hartree-Fock orbitals expanded with respect to
Slater-type orbitals [2].

* Present address: Centre de Calcul CRN, BP 20 CR, 67 Strasbourg 3.
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The number of gaussian functions was chosen so that the basis set could be
used in conjunction with the 10s — 6p set reported by Huzinaga for the first-row
atoms. By inspection from Huzinaga’s set, this implies that eight 1s functions are
used to describe the 1s atomic orbital, two 1s functions for the 2s atomic orbital
and six 2p functions for the 2p atomic orbital. One can expect that the 3s atomic
orbital will be adequately represented with two additional 1s functions. As to the
3p atomic orbital, we found that a fair representation could be obtained by using
three additional 2p functions. This makes a total of twelve 1s functions and nine
2p functions. No attempt was made to include some 3s type gaussian orbitals.

Orbital exponent optimization was performed using a program written for
atomic calculations {3], which in its main lines is similar to the one described by
Roothaan and Bagus [4]. We first proceeded by optimizing a 10s — 6p basis set
for the Si** ion. Then two 1s functions were added to this set to represent the 3s
orbital and exponent optimization was performed again for the Si** ion. Last,
the three 2p functions describing the 3p atomic orbital were added and the optimiza-
tion process was repeated this time for the Si atom. Once this was completed,
a fairly good guess could be derived for the orbital exponents of the Al and P
atoms, since there is a roughly constant ratio between the orbital exponents of two
consecutive atoms. This ratio can be easily inferred from previously reported
results with Slater orbitals [5].

Table 1 shows the optimized energy values together with the best results
obtained with Slater orbitals. The orbital exponents are reported in Table 2, the
orbital energies and expansion coefficients in Table 3. Because of the existence of
multiple minima, it is not claimed that the orbital exponents and energy values
are fully optimized. However, it seems reasonable that any further optimization
would not change more than the last two figures given for the total energy. Since
these basis sets are intended for molecular calculations which usually depart from
the Hartree-Fock limit by at least 0.01 a.u., this seems of little importance.

In order to make molecular calculations feasible despite the large number of
gaussian functions which are needed, one usually turns to a “contraction” which
replaces the individual basis functions with some appropriate linear combinations

Table 4. Contraction of the orbitals

Contraction  Grouping of the Gaussian basis orbitals?®

No.

1 12346678 O 10y (11) (12)/13 14 15 16) (17 18 (19 20) (21)
2 123450678 O 100 (11 (12)/(13 14 15 16) (17 18) (19 200 (21)
3 (12345678 (9 10 11 (12/(13 14 15 16) (17 18) (19 20) (21)
4 1234567@® O @100 (11 (12)/(13 14 15 16) (17 18) (19 200 (21
5 12345608 (9 10 11 (12)/(13 14 15 (16 17 18) (19 200 (21)
6 123456 (78 9 (10 (11) (12)/(13 14 15 16 17) (18) (19 20) (21)
7 12345678 (O (10 ((11)(12)/(13 14 1516 17) (18) (19} (20 21)
8 12345678 @ 0 (11)(12)/(13 14 15 16) (17 18) (19} (20 21)
9 12345678 (9 (0 (11)(12)/(13 14 15 (16 17 18) (19) (20 21)

2 Thenotation (1 2 3 4)... means that the first contracted orbital is a linear combination of the
first four orbitals reported in Table 2, with the coefficients equal to the first four expansion coefficients
of the 1s orbital in Table 3.
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Gaussian Basis Set for Second-Row Atoms 411

[6]. A previous paper dealt with the choice of these contracted functions and the
effect of the contraction on the total energy for the first row atoms [7]. We now
report the results obtained when the optimized basis set of 12s and 6p gaussian
functions is contracted to 6s-type and 4p-type linear combinations, namely two
contracted functions describe each atomic orbital. Given this number of contracted
functions, one can think of many different groupings of the basis functions. Of
course, we did not consider all the possible contractions and we report in Table 4
only the nine groupings which appear as the most plausible from an energy point
of view. The coefficients of the linear combinations are taken equal to the expansion
coefficients of Table 3. The corresponding total energies are reported in Table 5
and the lowest value for each atom is also given in Table 1 together with the energy
for the uncontracted set.

Acknowledgement. I wish to thank Dr. E. Clementi for some valuable suggestions.
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