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I. RESEARCH PROGRAM

Major accomplishments for the report period arc described in Section 11
below. Reports detailing these accomplishiments will be included in the final
report for this contract.

1I. MAJOR ACCOMPLISHMENTS e
A. Electronic f-numbers

Programs for the calculation of electronic f-numbers have been written in
two general parts. M. Yoshimine has completed and debugoed a program for
the calculation of matrix elenonts of r betwean CI wave functions for different
electrenic states.  The program permits the ¥)'s used for the construction of
the final state wave function to be different from thosc used for the initial
state wave funciion. The CI expansions involved may be quite Tong; for
2H and A22+ states of Li0 anproximately 1500 synmetrized
configurations and - 4500 determinants were used for each state. Because

example, for the X

of these leng expansions, the calculaticn of <wlgxir|wF> may hecome reasonably
time consuming. To reduce the computational tima, thresholds for the sclection
of only a part of the total number ov cenfigurations and a part of the tntz|
number of matrix clements between configurations have been included as an essen-
tial part of the program. For the seccond general part of this work, B. Liu
has extended his vibration-rotational analysis program to calculate electronic
band f-numbers and Frank-Condon factors. This program uses as inpul the electronic
transition matrix clements of r generated b the firsi program.

M. Yoshimine has, using the programs de cribed above, oblained electronic
band f-numbers for the X2H++A22+ transiticn of Li0 end the X22+++A2H transition
of A10.

B. Signa Statas of A0

B. Liu anc P. S. Bagus attempted to use the multi-configuration SCF (MCSCF)
method to stucy the X22+ state of A10. This state has an anomolous behavior
in the one-corfiguration SCF approximation vhich caused considerable difficul-
ties in the selection of a reference state for subsequent CI calculations. It
was hoped thal the MCSCF method would provide an unambigunus reference state
avoiding these difficulties. Unfortunatel, the self-consistent field itera-
tions for the MCSCF orbitals failed to converge.



In order to gain insight into the 8¢5 state of A10, M. Yoshimine

performed tTimited CI calculations on 22 states. These calculations involved,
beyond the orbitals occupied in the x2I+ SCF calculations, two additional

sigma and one additional pi orbital. The total number of configurations was
140 and both the lowest (X2X+) and second lowest (82z+) roots were obtained.
.he encrgy separation of the two states is 10 percent larger than that observed
experimentally. Electronic f-numbers will be calculated with these wave func-
tions and coumared to ihose obtained by Michels [J.C.P., 56, 665 (1972)7.

C. Elgctronic States of FeO

P. S. Bagus has completed atomic correlation enerqy qa]culations on fe
and 0 using the sume set of excitations as used fer the Oyt state of Fe0.
Syt state.
However, becausa of the limited number of molecular orbitals wvsed in 5x+ Cl
calculation, the treatment of the separated eétoms is expected to be far better

than for the molecule. To avoid this problem, pair correlation energy calcu-

These calculations give a dissociation energy of 1.2eV for the

lations on the i state using cssentially a full basis set of HO's were per-
faymod at thyee pninfe around the ¢omputed minimum of the potential curve.
These calculations indicate that the dissociztion energy is below 2eV. iivis
is much lower than the previous estimate bul still short of the ~4eV observed
for the ground state.

Earlier calculations on the singly ionic 7x+ state have been extended.

o
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SCF calculations have been performed for 7L states on models of neutral
and of doubly ionic systems. In addition, limited CI calculations have leen
performed which mix all of these types of configurations. The doubly iotic
configuration, in particular, was found to have an important effect on tie
behavior of this state. In addition SCF ca culations on a singly fonic riodel
for the °%” state were attempted. '

For most states, SCF convergence problens were encountered and for several
states convergence could not be obtajned. ihe use of adjusting equivalent,
in hrincip]e, forins of Fock operaters to obtain convergence was investigated
with limited cuccess.

D. Polyatoric Hatrix Elements

A. D. McLcan has worked on the analysis of the evaluation of matrix
elements betw en Slater type bosis functiors for molecules of generd]
geonietry. A yeport on wethods for evaluatisn is near completion.
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E. ALCHEMY hocumentaotion: Program Use and Large Scale CI Methodology

P. S. Bagus has completed an article describing the theory of open
shell cnergy expressions and their use in SCF calculations. A. D. Hclean
continues work on an ALCHEMY "User Manual" including detailed reports on
the methods currently available for use with this program system.

A. D. McLean and B. Liu have developed a scheme for the classification
of configuration state functio.. Forming the n-particle basis of CI calcu-
Jations. The classification includes the order of perturbation theory
in which a configuration . ate function makes a correction to a given
zeroth order function. ey have shown how to minimize the number of con-
figuration stat2 functions having a non-zero matrix element with menbers
of the zeroth order function. This work is of importance in reducing the
size of CI calculations designed to yield tome prescribed accuracy, at
the same time it wakes available a language for interpreting a wave function
and is ¢f assistance in preparing CI celculations. A report on this work is
in preparation.

F. Methods for Large Scale CI Calculations

B. Liu has worked on methods for applying Rayleigh-Schrédinger perturbation
theory as a guide for selecting configurations in large CI calculations. He
has also used jerturbation theory as a method to obtain approximate natural
orbitals. The method was studied and applied in calculations on the low-iying
states of CH. Effective methods for sclection of configurations and approxi-
mate natural orbitals are cssential to make accurate CI calculations tractable.

111. Problems Encountered
_Nqne
IV. Fiscal Sta:us

Research Libor and Rescarch Burden expenditures under this contract for
the period June 18, 1971, to May 19, 1972, were $63,178% computer time ord
support time +larges for the same period we-e $13,112.
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V. Action Requirced by tae Government

None.

P. S. Bagus
Principal Investigator

PSE:am



