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Abstract: The valence ionic states of ozone have been studied using a combination of multiconfiguration self-consistent field
theory and configuration mixing techniques. It is found that the lower energy states of ozone show a significant mixing of one
electron (primary) ionization and two electron simultaneous ionization-excitation processes leading to the predicted appear-
ance of satellite bands with considerable intensity in the ultraviolet photoelectron spectrum. It is thus not possible to interpret
the valence photoelectron spectrum of ozone in terms of the usual one electron orbital ionization processes. The calculations
show that the same excited state configurations that are important in the neutral ozone optical absorption electronic spec-
trum also figure prominently as interacting excitation or “shake-up” states. The relationship between the relative degree of
inadequacy of the frozen orbital approximation (Koopmans’ theorem) when comparing ionic states energies and the impor-

tance of ionization-excitation processes is pointed out.

The relative energies of the valence ionic states of molec-
ular systems are most easily determined experimentally by
photoelectron spectroscopy with photon sources in either
the vacuum ultraviolet!? or X-ray? frequency regions. In
experiments using a vacuum ultraviolet energy source on a
diamagnetic system it is typically found that there is a one
to one correspondence between the observed spectral maxi-
ma and the valence molecular orbitals of the system. This
correspondence confirms in a striking manner the shell or
orbital structure of atoms and molecules.** Thus each ion-
ization process is identified with the removal of an electron
from some molecular orbital of the system, with an ioniza-
tion energy just equal to the Hartree-Fock self-consistent
field orbital energy of that electron (Koopmans’ theorem)
in the neutral parent molecule.b, The result of identifying a
molecular orbital with each ionization process in a photo-
electron spectroscopy experiment can be used to supply in-
formation about the nature of the orbitals themselves
through band shape studies, comparative energy shifts for
different compounds for a given orbital type electron, corre-
lations in isoelectronic series, ionization cross section and
angular distribution studies, etc. Of course, the correct as-
sociation of orbitals and ionization processes is fundamental
and essential to these analyses.

The identification of an experimental ionization energy
with an orbital energy neglects the instantaneous rearrange-
ment of the remaining electrons that will naturally accom-
pany the ionization process and which contributes a relaxa-
tion term to the theoretical ionization energy. Although
simple models which describe this change of overall charge
distribution of the remaining electrons when one electron is
ionized have been proposed and discussed,”® the models are
typically expressed in terms of the relaxed orbitals, quan-

tities which, if available, render the theoretical models un-
necessary for quantitative energy predictions. The relaxa-
tion energy can be accounted for by direct calculation of the
ion (or hole) state energy and wave function within the sin-
gle electronic configuration Hartree-Fock theory.

Even with relaxation energy taken into account in a theo-
retical calculation of ionization energies there is still a fur-
ther approximation in the neglect of the inherent inaccura-
cy of single configuration Hartree-Fock theory, called the
correlation energy error. This error is expected to be rough-
ly proportional to the number of electrons in the system.
Thus ion states are typically expected to have smaller corre-
lation energy errors than the neutral species precursor
state”'® and calculated ionization energies in the single
electronic configuration approximation should be incorrect
to the extent of this difference in correlation energy be-
tween the ground and ion states.

A method of increasing popularity for treating problems
where the single configuration self-consistent field approxi-
mation is inadequate is the multiconfiguration self-consis-
tent field (mcscf) theory.!!:'2 In the latter the molecular
wave function is expressed as a sum of a number of elec-
tronic configurations of the same space and spin symmetry
and both the orbitals, and configuration bases expansion
coefficients are optimized simultaneously in a variational
calculation. Typically, the Hartree-Fock electronic config-
uration is the dominant one in the configuration expansion
and essentially determines the nature of the orbitals occu-
pied in this electronic configuration. The nature of the or-
bitals occupied only in the correlating configurations is then
essentially determined by the smaller configuration expan-
sion coefficients of the remaining configurations and are
thus optimized as correlating orbitals for the strongly occu-
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pied molecular orbitals. Thus a small and compact mul-
ticonfiguration expansion using optimized molecular orbit-
als is comparable in accuracy to a much larger configura-
tion mixing calculation using an arbitrary orbital basis. The
correlating configurations typically differ by the electron
occupancy in one or two orbitals from the primary or Har-
tree-Fock configuration.

The discussion so far has been limited to single electron
ionization processes which give rise to the primary ion
states of the system. There exists, however, the possibility of
simultaneous ionization and excitation where it can be con-
sidered that one electron is ionized while a second is excited
to a higher energy bound state (“shake-up” process). In
X-ray photoelectron spectroscopy such multielectron pro-
cesses give rise to what are called satellite lines which are
found experimentally to be displaced to higher binding en-
ergy from, and of significantly lower intensity than, the pri-
mary photoline.''* In vacuum ultraviolet photoelectron
spectroscopy the possible appearance of shake-up bands has
been suggested and discussed but only recently has there
been an attempt to quantitatively predict the energies and
intensities of such bands.'3-!7 Since the electric dipole oper-
ator connects orthogonal state configurations differing only
by at most the occupancy of one spin orbital clearly the in-
tensity of a shake-up state configuration should be deter-
mined largely by how strongly it mixes with a primary ion
state configuration.

Satellite band intensity can only come at the expense of
the photoionization intensity to form the primary ion state.
If satellites appear prominently in the photoelectron spec-
trum then there must be a corresponding diminution of in-
tensity that would otherwise signal the presence of the pri-
mary ion. If there are several satellite states interacting
with a parent ion it is possible that the intensity to reach the
primary ion, which is the principle ionization process, is
spread over many satellite states to the extent that ioniza-
tion to the primary ion will be too weak to be observed. This
phenomenon is known to sometimes occur for the lower
multiplicity state in the X-ray photoelectron spectroscopy
of radicals.?? Since the intensity giving mechanism for sat-
ellite states involves configuration mixing with primary hole
state configurations, it is possible to find (theoretically)
electronic states of relatively low energy which because of
their low content of the primary hole state configurations
will be experimentally unobserved. These states then consti-
tute a class of “forbidden” electronic states in a photoelec-
tron spectroscopy experiment.

Under conditions where the interaction of primary ion
and shake-up states is moderate the single electron ioniza-
tion intensity may be spread over several primary ion-satel-
lite states and the appearance of multiple bands in the pho-
toelectron spectrum is the natural consequence. Thus there
will no longer be a one to one correspondence between the
occupied molecular orbitals of the system and bands in the
valence photoelectron spectrum, as is expected, and as usu-
ally serves as the basis of interpretation of these spectra.

In order to define the nature of the shake-up bands more
precisely it is convenient to describe the possible electronic
configurations and the states they give rise to that can be
associated with the satellite states. With regard to spin the
satellite states must obviously have the same spin multiplic-
ity as the primary ionic states. For space symmetry in cases
of low geometric point group symmetry and where there is
at least one primary ion state of each irreproducible repre-
sentation, as for example in the ozone molecule, the satellite
states can be regarded as belonging to the space symmetry
of the primary ion states. With these restrictions in mind
the satellite states can be classified as differing by one or
two electron excitations from some reference or primary

ionic state, which are precisely the type of correlating state
configurations which are also needed to improve the theo-
retical description of the primary ion state wave function.

The question of correlating state configuration vs. spec-
troscopic state in cases where one is seeking higher electron-
ic states of a given spin and space symmetry is a familiar
problem for which there has not yet been found a practical
solution. Ideally, it would be desirable to carry out a sepa-
rate mcscf calculation for each spectroscopic state of inter-
est. However, this procedure is not practical since the opti-
mal correlating orbitals for one electronic state may differ
considerably from those of an adjacent spectroscopic state,
leading to difficulties such as the variational collapse and
nonorthogonality of the higher electronic states to the lower
state of the same spin and space symmetry. On the other
hand, the straightforward configuration mixing technique
suffers from none of these problems but the number of con-
figurations generated using all members of an arbitrary or-
bital bases of at least double-{ size (two basis functions for
each occupied atomic orbital) is so large as to rule out this
technique as being particularly applicable today.

The accurate calculation of ionization energies to form
valence ionic states from the ground state requires either
that each electronic state be calculated accurately or that
each state be calculated with the same relative error so that
in taking differences between the valence ionic states and
the ground state energies the error subtracts out and does
not contribute to the calculated ionization energies. Several
methods have been proposed to implement this latter idea
with regard to configuration mixing techniques,'®-2? and
this general approach seems to be the most practical today.

It would be expected that ozone, with some eight elec-
tronic states reportedly lying below 7 eV above the ground
state at the ground state equilibrium geometry?*2 should
be a good candidate for finding low-lying satellite states in
the valence ionic state region of the photoelectron spectrum.
Much effort has been expended in theoretical investigations
of the low-lying electronic states of neutral ozone and a
semiquantitative understanding of the electronic structure
of ozone is apparently available. What is clear from much
of this work is that multiconfiguration effects are important
in describing all of the low-lying states accurately, even in
the neighborhood of their respective equilibrium geome-
tries.

The photoelectron spectrum of ozone has been measured
and reported by several investigators?6-2® with only one at-
tempt at a detailed theoretical assignment of the spectrum
above 14 eV; and that based on semiempirical calcula-
tions.2® The only ab initio theoretical assignments have
been based on Koopmans’ theorem (neglect of reorganiza-
tion and correlation effects) and an LCAO-Xa calculation
using the transition state method.?® The semiempirical cal-
culation found multiconfiguration effects to be important in
interpreting the photoelectron spectrum. Given these latter
results, and what is currently predicted about the optical
absorption spectrum of ozone, it seems well worthwhile
studying the ozone molecule both to contribute to a further
clarification of its electronic structure in various ionic states
and an understanding of the mutual interaction of satellite
and primary ionic states in that system.

Method and Results

The electronic structure of ozone in its ground state is
1a|21b222a|23a122b224a125a|23b221b124b226a121a22 in CZU
symmetry with the molecule lying in the yz plane and the
coordinate y transforming as ba. The 2b; molecular orbital
is low lying even in the single configuration ground state
self-consistent field wave function where it is unoccupied
and such orbitals are determined in the field of all 24 elec-
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Table I. Summary of Multiconfiguration Self-Consistent
Field Results

Fixed
No. of open Primary
configu-  shell configuration
State Total energy 4 rations orbital energy &b
'A, -224.31074 13 -224.20282
ZA, -223.79794 10 6a, -223.68017
A, -223.79781 10 la, -223.75820
*B, -223.75828 10 4b, -223.65032
B, -223.65225 10 1b, -223.47635

aIn au. ® These are the energies of the single configuration com-
ponents in the multiconfiguration wave function.

trons of the molecule. Each of the eight low-lying excited
states of ozone referred to previously have been shown to in-
volve a single or double electron excitation into the 2b, or-
bital in their primary orbital electronic configuration. Note
that 1bj, la,, and 2b; can be considered as w-type orbitals.
Goddard and coworkers? have in fact classified the elec-
tronic states of ozone according to the number of = orbitals
in their primary orbital electronic configuration description:
47 (the ground state and = — =* type excitations), 5 (a
single or double excitation involving a ¢ — =* type jump
from the ground state), and 6 (double excitations into the
2b; (*) orbital from the ground state).

Multiconfiguration self-consistent field wave functions
were determined for the ground and primary ion states (i.e.,
ion states that differ from the ground state by just a single
spin orbital occupancy) of ozone with the following details.
The basis set consists of a double-{ set of Gaussian orbitals
using the contraction coefficients of Dunning.3® All calcula-
tions here were carried out at the equilibrium geometry of
ground state ozone taken from ref 31. For the ground state
and each of the four possible ion states (A1, A3, 2By, and
2B,) mcscf calculations were carried out on the lowest ener-
gy state configuration of each symmetry allowing variable
occupancy only of spin-paired sets of electrons among the
seven orbitals {1b, 4by, 6a1, laz, 2by, 7a), 5by}, with the oc-
cupancy of the singly occupied orbital (in the ion states)
fixed as such. Thus in the neutral molecule ground state
there are four spin-paired sets of electrons to be distributed
among seven orbitals leading to 13 configur.ations if only
spin paired double excitations from the primary ground
state electronic configuration are allowed. For the ion states
three pairs of electrons are distributed among six orbitals
(the seventh orbital containing the odd electron) giving rise
to ten configurations, again, if only spin-paired double exci-
tations from the lowest energy primary ion configuration
are considered. The results of the mcscf calculations are
tabulated in Table I.

Using the calculated mcscf wave functions configuration
mixing calculations were carried out as follows. To the vari-
able occupancy orbital basis used in the mcscf calculations
were added the 4a;, 5a;, and 3b, molecular orbitals to make
a total of ten variably occupied molecular ortibals in all. All
single and double excitation configurations from each of a
selected number of parent (single or multideterminant) con-
figurations whose second order energy interaction were
greater than a calculated numerical criterion for any of the
parent determinants were added to the configuration list.
The energy eigenvalues and configuration expansion coeffi-
cients for each state were then determined (where neces-
sary) by successive diagonalization of matrices of order up
to 240 with the lowest 30 states carried over from step to
step. The number of parent configurations was chosen by a
type of iterative process where to all the primary state con-
figurations of a given spin and space symmetry are succes-

6049

Table II. Data on the Configuration Mixing Calculations

No. ol
No. Total caled
of no. doublet
parent of states
deter- deter- below
State minants Accuracyé minants 24 ¢V
'A, 2 1.0000 x 10™° 134
A, 6 6.2554 x 107* 446 8
2A, 1 5.0000 x 10™¢ 185 3
*B, 7 2.3265 x 107 440 6
B, 3 6.0000 x 107* 214 5
22

@ Accuracy criterion given by |H,; 1*/{E; — £) where H,; is the
Hamiltonian matrix element between determinants / and /, and £;
and £; are the total electronic energies of determinants / and J,
respectively.

sively added configurations that were found to mix substan-
tially with any of the primary state configurations. The en-
ergy interaction criterion used to screen configurations has
the form | H;}|?/(E; ~ E;), where j is a parent determinant,
and its value was chosen internally separately for each state
symmetry consistent with existing programming limita-
tions, combined with an attempt to obtain a balanced de-
scription of all the electronic states. A summary of the
number of parents, interaction criterion value, and final
number of determinants for each state is given in Table I1.

The objective of the detailed process outlined above was
an attempt to obtain a balanced description of all the states
of interest while circumventing some of the difficulties de-
scribed in the introductory section. Thus the mescf process
is expected to produce a set of orbitals most appropriate to
the lowest ion state of that symmetry while being less ap-
propriate, and therefore less accurate, for the higher ion
states of the same symmetry when only a limited orbital
basis configuration mixing calculation is carried out, as was
done here. We can thereby be reasonably sure that the ener-
gies of the higher ion states are true upper bounds to the ex-
perimental energies and that the true state probably lies at
lower energy than calculated here. It is also to be expected,
however, that the configuration mixing calculations will to
a large extent mitigate the effects of the possible inappro-
priateness of the molecular orbital basis for the higher ion
states.

In the last column of Table Il are listed the number of
ion states of each symmetry calculated to fall below 24 eV
above the neutral ground state. Experimentally, only some
nine states, at most, can be resolved in the photoelectron
spectrum of ozone below 24 eV to be compared with some
22 doublet states calculated to fall in that range shown in
Table II. What has not been taken into account yet is the
aspect of intensity. The calculation of photoionization cross-
section as a function of photon energy is a difficult problem
that has not been tackled here.?2 Instead the following intu-
itive approach has been used. It is assumed that only pri-
mary ionization processes carry intensity and if the energy
and orbital dependence of the cross-section is neglected
then the square of the coefficient of the primary ion state
configuration in a multiconfiguration expansion (of the sum
of squares of all such primary ion state configurations of
that symmetry) should be a good qualitative measure of rel-
ative intensity. In Table III are listed the calculated vertical
ionization energies of the ion states with “intensity’’ greater
than 0.05 by the above criterion, a comparison of the ion
state energies with experiments, and their orbital assign-
ments.

In Table IV are displayed the satellite configurations that
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Table I1I. Results of Configuration Mixing Calculations and Comparison with Experiment for Ozone
Theoretical
Configuration mixing , Experimental
Koopman'’s
State Energy4 b Intensity theorem® Brundlea. ¢ Dyke et al.a. @ Assignment
V- 0
A, 12.53 0.764 15.28 12.75 12.75 6a,”!
2A, 12.81 0.889 13.43 13.03 13.02 4b,™!
*B, 13.09 0.772 15.75 13.57 13.57 la,™!
(15.60)
’B, 15.91 0.444 21.52 Peaks at 1b, 7! + shake-up
16.54
A, 17.61 0.393 22.77 16.0-18.5 and 5a,”! + shake-up
19.02 0.132 17.45
’B, { } 21.60 3b,7! + shake-up
19.40 0.299
20.34 0.023 broad
A, { } — multipeaked 5a,”* + shake-up
21.69 0.062 bands
’B, 22.08 0.332 - 18.7-21.5 centered 3b,™! + shake-up
*B, 22.95 0.332 - at 1b,7! + shake-up
22.58 0.144
A, {23.12 0‘229} - 20.00 6a,"'+5a, "' +4a " +
23.84 0.053 shake-up

aIn eV. bTotal (configuration mixing) energy = —224.38162 au for the neutral ground state. ¢From ref 27. From ref 28. € From ref 31.

Table IV. Orbital Occupancies of Principal Satellite Configurations
ZBl ZAl sz
4a, 22 22222 222
Sa, 22 22222 222
3b, 22 22122 222
4b, 22 1222 121
6a, 22 21211 21
1b, 21 21222 222
la, 121 2 12
2b, 12 11122 212
No.of =
electrons 33 44446 446

aThe 1a,-3a, and 1b,-2b, are doubly occupied in all the
configurations.

contribute to the observed ion states listed in Table III.
There are, as mentioned, “forbidden” ion states with ener-
gies below 24 eV above the neutral ground state whose prin-
cipal state configurations are not shown here.

Discussion

As can be seen from Table III the calculations here give
a good accounting of the observed photoelectron spectrum
of ozone. As expected, the lower ionization potentials are in
better agreement with experiment than the higher ion state
energies. Thus, for example, the three lowest ionization po-
tentials are calculated very close to, but uniformly lower
than, the observed vertical ionization energies by 0.2-0.5
eV, indicating that these ion states are being better de-
scribed than the neutral ground state. The ordering of these
three levels deduced experimentally?® is 6a,! > 4b,~! >
las~! where the ~1 superscript indicates the primary ion
configuration formed by the removal of that orbital from
the primary ground state configuration. The Koopman'’s
theorem results, also shown in Table III, are 1a,™! > 6a,~!
> 4b,~! independent of Gaussian orbital basis set.?!?3 A
recent LCAO-Xa calculation using the transition state pro-
cedure,?® which is considered to be equivalent to a direct
Hartree-Fock calculation on the single configuration hole
state, predicts the experimental ordering 6a,~! > 4by™! >
la;~!. However, the direct Hartree-Fock self-consistent
field calculations on the hole state configurations them-
selves displayed in Table I still show the Koopmans’ theo-

rem ordering. It is therefore not clear precisely what meth-
od or orbital basis the LCAO-Xe transition state procedure
for ion states corresponds to in this context. Finally, the
configuration mixing results of Table III do show the de-
duced experimental ordering of primary ionic states.

The next reported observed feature in the valence region
photoelectron spectrum is a very weak band observed only
in the more intense He I spectra with a vertical ionization
potential of 15.60 eV.28 The next calculated ionic state with
substantial intensity shown in Table III is the first 2B, state
at 15.90 eV. However, all the other first ionic states of their
respective symmetries were calculated at lower energy than
observed, and the corresponding behavior would therefore
also be expected of the 2B, state. Thus both energy and in-
tensity considerations rule out the 2B, state as being the
weak ionic state at 15.60 eV. A possible candidate is a 2B,
state (not shown in Table III) calculated to appear at 16.45
eV with relative intensity 0.012 which is some 67 times
weaker than the lowest energy 2B, state. This weak 2B,
state corresponds to the simultaneous ionization-excitation
configuration (in obvious notation) 6a,~! la_; 2b;*! rela-
tive to the neutral ground state of ozone.

The region between 14 and 22 eV can be divided into two
main groups of broad and poorly resolved bands, one be-
tween 16.0 and 18.5 eV with at least two resolvable peaks
(16.5 and 17.5 eV) and a second group showing apparently
three peaks.26-28 The calculated energies and intensities
shown in Table III predict the presence of three bands in
the region of the first group with more or less the same in-
tensity for each but with individually reduced intensities (by
a factor of ~2) relative to the lowest energy three bands.
This first group of broad bands corresponds to several one
electron ionization processes; 1b,;~!, 5a;~!, and 3b,™!, re-
spectively, but with considerable additional ionization-exci-
tation character as shown by the reduced intensities. The
second 2B, state assignment in this region corresponds to
two electronic states calculated at 19.02 and 19.40 eV. For
states of a given symmetry so close in energy the intensity
distribution between them is expected to be a sensitive func-
tion of both the orbital and configurational basis sets. It is
therefore not clear in such cases whether the prediction of
two states with sufficient intensity to be observed is real or
not and it is only natural to relate to them as a single band.

The second group of bands is assigned analogously to the
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first group with the addition of another 2A, state which
contains a small component of the 4a,~! primary configura-
tion. The calculated individual state intensities in this group
are only slightly lower than the first group, but there are
more states in the second group which should make it over-
all more intense than the first group. This is what is ob-
served experimentally. For these positive ion states in the
second group there are no corresponding primary (pure one
electron) ionization processes. Thus the application of sin-
gle configuration molecular orbital theory (semiempirical
or ab initio) cannot be used to correctly interpret the va-
lence photoelectron spectrum of ozone.

The two groups of broad bands in the 16-22-eV region of
the photoelectron spectrum are mainly the results of the in-
teraction of the 1b;~!, 5a;~!, and 3b,~! primary ion config-
urations with the simultaneous ionization-excitation config-
urations built on the lower energy 6a;~!, 4b,~!, and la,™!
primary ionization processes. This relationship is clear from
Table IV which shows the occupancies for the interacting
satellite state configurations. Another interesting aspect of
this listing of the main interacting ionization-excitation
configurations is that the excitation part can, in almost
every case, be identified with one of the lowest lying excited
states of neutral ozone in its equilibrium geometry and
sometimes with several of them depending on which orbital
is considered as being ionized.

The question raised by Brundle?’ of the location of the
4a,~! primary ion state which using Koopman's theorem is
calculated to fall at 29.9 eV3! remains. In the configuration
mixing calculations this state configuration is found to be
spread or distributed over several A, states in the energy
range 27-31 eV. It is therefore reasonable to assign the
4a,~! primary ion configuration to the 24.7-eV band ob-
served by Dyke et al.2® in the He II spectrum of ozone and
not as low as in the 18.7-21.5-eV range as suggested by
Brundle.?’

It has recently been pointed out®*35 that the Koopmans’
theorem electron binding energy for inner shell ionization is
equivalent to an intensity weighted average of all states as-
sociated with, or built upon, a given primary state configu-
ration. This result is based on the “sudden” approximation
which is decreasingly valid as the photon source energy ap-
proaches the resonance ionization energy. Nonetheless, a
comparison of the Koopmans' thecrem results, the single
configuration self-consistent field energies, and the final
configuration mixing results (Table I and III) shows that
those primary ion states with the largest discrepancy be-
tween Koopmans' theorem and experiment are just those
states for which ionization-excitation processes are most
important. Thus apparently relaxation energy alone does
not determine the degree of relative inadequacy of the fro-
zen orbital approximation when comparing the energies of
various adjacent valence ion states, as is commonly as-
sumed.

The importance of ionization-excitation processes is the
probable cause of the failure of simple orbital theory, in any
of its many variations, to accurately predict the ionization
energies of the inner valence shells of unsaturated hydrocar-
bons.3¢ As a general rule it seems rather certain that start-
ing at most 20 eV from the neutral ground state valence
photoelectron spectra will show more bands than single con-
figuration theory shows orbitals above that energy thresh-
old and caution must be exercised in interpreting the ob-
served energy values.

It also appears from the self-consistent field results on
the primary ion configurations presented here (Table I)
that the correlation energy of many of the positive ion states
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is larger than that of the neutral ground state. Thus th
6a;~', 1by™!, and 1b;~' ionization energies as obtainec
from the self-consistent field calculations on the primar
ion state configurations in the double-{ basis are still calcu
lated to be greater than the corresponding observed binding
energies.

In this regard, a few words would be appropriate abou:
the question of basis set in these calculations. It is now wel
understood that a quantitative description of the electronic
states of ozone requires the use of d-type orbitals on the
oxygen atoms as part of the orbital expansion basis. Alsc
missing from the valence double-zeta set of functions used
here are Rydberg type orbitals which can be important in
describing the excited electronic states of molecular systems
in the gas phase. Interestingly enough, however, it has ap-
parently been possible to obtain a reasonably appropriate
assignment of the valence region photoelectron spectrum of
ozone including ionization-excitation states without either
d-type or Rydberg basis functions. It now remains to be
seen whether the methods used here will be equally appro-
priate for other systems as well.

Acknowledgment. The configuration mixing calculations
were carried out using a modified version of the computer
programs described in ref 21.
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