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The Roothaan method has been used to calculate ana1ytic self-consistent-field functions for
the excited (3d)(4s) configuration for the first-row transition-metal ions which normally have
a (3d) ground configuration. Wave functions are calculated for both 'D and D multiplets aris-
ing from the excited configuration. The separations of these two multipletlevels from the ground
(3d) + level deviate from experiment by 3—8'1().

lNTRODUCTION

In two recent publications' the effect of electron
correlation on the multiplet structure of open-shell
atoms and ions was investigated. The electron
configurations of interest were (3p)2 and (3d)2, and
the starting point for all of the calculations was the
self-consistent-field (SCF) functions. The results
were very satisfying and prompted an extension of
the method to the ca,se of two nonequivalent elec-
trons outside of closed shells. For this purpose,
the (3d) (4s) excited configuration of those transi-
tion-metal ions which normally have a (3d) ground
configuration was chosen. However, the SCF func-

tions for the 'D and D levels arising from this
excited configuration were not available. This and
the need for such functions in optical studies and
configuration intera, ction ca,lculations made it ap-
parent that the SCF functions for this configuration
should be generated and made ava. ilable in the liter-
ature.

In this paper, the results of an SCF calculation
based on the expansion method are reported for the
two multiplet levels of the (3d) (4s ) configuration of
the transition-metal ions Ti rrr through Ni rx. For
the first three ions in this series, the results are
compared with experimental data. All the computa-
tion was done in double precision on an IBM 360/50
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computer.

RESULTS AND DISCUSSION

The results of this calculation are shown in Ta-
ble I of Ref. 4. The choice of basis set was a
compromise to ensure a reasonable computation time
and yet produce sufficiently accurate wave solutions
for energy calculations. The diagonalization thresh-
old for all of the solutions was 10 ~, and the SCF
threshold was of the order of 10 '. The notation,
units, and terminology are the usual ones.

Table I is organized according to atomic number
and the particular multiplet as given on the first
line of each block. Under "basis" are shown the
Slater-type orbitals (STO) used to expand the SCF
solutions. The basis sets are grouped according
to the azimuthal symmetry of the SCF orbital. In
each group, the m and l values for each S70 are
given in the first column and the orbital exponents
f are given in the second column. Under "eigen-
vectors and orbital energies" are presented the
expansion coefficients that multiply each STQ in the
expansion, grouped according to the SCF orbital
being expanded. Below these are the orbital ener-

gies, the total energy, and how well the virial theo-
rem was satisfied.

Table II of Ref. 4 compares the results with ex-
periment for those ions where experimental data
were available. ' In this table, the theoretical en-
ergies were calculated as the difference between the
total energy of each multiplet from Table I and the
calculated total energy of the (3d)' 'F level from
Table l of Ref. 2. Also for the (3d)(4s)'D level,
the experimental energy is the average over the
three spin-orbit split J levels. From this table,
it is clear that the calculated energies for the ex-
cited configuration are in good agreement with ex-
periment. However, the calculated (3d) (4s) 'D 'D-
spacing is considerably different from that obtained
by taking differences in the experimental energies;
but this is to be expected since, in each case, it
is the difference between two large numbers both of
which may have considerable error.
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