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USE OF SEMIEMPIRICAL MODELS FOR CALCULATION
OF B TERMS IN MCD SPECTRA-III*

PARISER-PARR-POPLE (PPP) PREDICTIONS FOR DICATIONS AND
DIANIONS OF PENTALENE AND HEPTALENE

J. MICHL and JOSEF MICHL*
Department of Chemistry, University of Utah, Salt Lake City, Utah 84112, U.S.A.

Abstract—The PPP model is used to predict the MCD spectra of the doubly-charged ions of pentalene and heptalene.
The excited states of the 10 w-electron ions are both related to those of naphthalene and exhibit interesting
configuration pairing similar to that found in alternant hydrocarbons. Certain aspects of the results are very sensitive
to the choice of parameters and to inclusion of doubly excited configurations in the PPP model. Comparison with the
so far non-existent experimental data would probably be useful for testing the various proposed versions of the

model.

We have shown recently' that the simple PPP model
accounts well for the signs of the several lowest B terms®
in the magnetic circular dichroic (MCD) spectra of
numerous uncharged non-alternant hydrocarbons. Appli-
cation of MCD spectroscopy to organic compounds is of
relatively recent origin and in spite of present lively
interest™” only a rather limited number of spectra have
been published, compared, say, with ordinary UV
spectroscopy. Thus, an opportunity presents itself to
predict MCD spectra of selected groups of interesting
m-electron molecules before these have actually been
measured.

One such group of considerable current interest are the
double ions of pentalene 1 and heptalene 2. While the
dianions have already been prepared,’ the dications
remain unknown. In addition to the general significance of
these ions for the theory of aromaticity, several additional
points may be of significance. First, it has been pointed
out recently® that in the PPP approximation the MCD
spectra of the double cation and double anion derived
from an alternant hydrocarbon should bear mirror image
relationship to each other and it seems worthwhile to also
investigate a few double ions derived from non-alternant
hydrocarbons, where such a relation is not expected.
Second, pentalene dianion 1A and heptalene dication 2C,
both isoelectronic with the alternant hydrocarbon,
naphthalene, turn out to have certain features in their
excited states in which they resemble alternant w-electron
systems, such as symmetry-allowed but “accidentally”
forbidden transitions.* These features are predicted to
affect strongly parts of the MCD spectra. At the same
time, they depend on the choice of parameters, permitting
a sensitive testing of various approximations. A problem
of considerable current interest has to do with inclusion of
multiply excited configurations in PPP and similar
semi-empirical models.” In some cases, their effect on
the nature and ordering of low-lying excited states is

*Part II: J. Michl, J. Chem. Phys., in the press.

profound (polyenes, benzene), in others, it is almost
negligible (anthracene, fluoranthene). In most instances
where their effect is marked it is not obvious that their
inclusion improves agreement with experiment since the
experimental data are too incomplete (cf. the notorious
difficulties with assignment of excited states of benzene"
and unsolved problems with polyenes'"). Perhaps the only
case of a hydrocarbon in which inclusion of doubly
excited configurations has led to a clear-cut improvement
in the predicted number and order of excited states is
pleiadene,’ so that much further work is required to settle
the question. In the case of 1A and 2C the effect of doubly
excited configurations on the results is quite striking and
future comparison with experiment will also be of interest
from this point of view.
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Method of Calculation

All calculations used the simple PPP model. A
discussion of the method and its applicability has
appeared elsewhere.' A brief summary follows.

The usual perturbation formula for B is’

BG-F)=1m{ 3 (@L4IG) GIREIFIRDIW: - We)
+ 3 GeLAID <G|ﬁ|F>X<IIh°dIG>)/(w.—wF)},

where W, is the energy of state |I), LA{ is the electric and jl
the magnetic dipole moment operator, and the summation
index I runs over all molecular electronic states. The
states |I) were represented by superpositions of spin-
projected configurations built from SCF MO’s using
either all single excitations (SCI) or single and double
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excitations selected by the SECI-1 proce-fure’ with cutoff
parameters 8 =8eV, € =0-1, (for 1A, € =0-04): a total of
48 configurations for 1A, 26 for 1C, 71 for 2A, and 39 for
2C. The MO’s occupied in the ground configuration will
be labelled 1,2,3,..., in the order of decreasing energy;
those empty in the ground configuration —1,-2,-3...,in
the order of increasing energy.

The parameters of the PPP model were Ic = 11-42 eV,
Bcc= —2-318¢V, yc = 10-84 eV, two-center electron re-
pulsion integrals were obtained according to Ohno-
Klopman (0-K)? or Nishimoto-Mataga (N-M)" for-
mulas. Expressions for the matrix elements of one-
electron electric and magnetic dipole moment operators h
and & in AO representatlon were, (K|m|A) =-¢e.R,.0a
and (x|i|A)= i(m/h?) Ba(R, xR.) in units of Bohr
magneton, where R, is the position vector of AO o and e,
m stand for magnitude of electron charge and mass,
respectively. The expression for {k||A) follows from
the requirement that the proper commutation relation
between the position operator t and the Hamiltonian
operator H be fulfilled in the PPP model,*" and
guarantees origin-independence of the B terms obtained
from exact (full CI) PPP wavefunctions for m-electron
systems of arbitrary symmetry.' Calculations for 1 and 2
assumed D, symmetry (regular polygons with 1-40 A
sides), and as a result, even approximate CI solutions
(truncated CI expansions such as SCI and SECI-1) give
origin-independent resuits for B.'

For molecules without degenerate states, the peak of
transition G- F in the MCD spectrum is related to its B
term by’

[8]u = —21-3458 1B,

where f, is a shape function. Note that a positive B term
for a transition implies a negative peak in the MCD
spectrum.

RESULTS AND DISCUSSION

The calculated transition energies, intensities, polariza-
tions, and B terms are summarized in Tables 1-4. It is
well known'® that the ordinary PPP parameterization
tends to overestimate the excitation energies of doubly

J. MIcHL and JOSEF MICHL

negative hydrocarbon ions, at least at the SCI level. Too
little is known experimentally about doubly positive ions
to make a similar general statement. It appears likely that
the overall nature of the absorption spectra predicted in
Table 1 will agree with the experiment, but the exact
positions of bands will deviate more than is usual in
uncharged hydrocarbons. Fortunately, it turns out that
most B terms originate by mutuai mixing of only two
excited states, so that the results should be largely
independent of small errors in calculated excitation
energies as long as the relative energies and ordering of
states are correct. In order to check the sensitivity of the
results to minor variations of the method, we have used
both N-M and O-K parameter sets, and both SCI and
SECI-1 procedures. This turned out to be quite important
since in several instances doubt was cast on results which
appear quite reasonable in any one calculation. Still, for B
terms of most transitions, the differences between the
three sets of results are only minor, and fairly reliable
predictions are possible.

Pentalene Dianion (1A, Table 1). The main features of
the calculated spectrum depend little on the choice of
electron-repulsion integrals or extent of configuration
interaction (SCI versus SECI-1). The spectrum starts with
a medium intensity short-axis polarized transition de-
scribed well as a one-electron jump 1~ — 1, analogous to
the 'L, transition of naphthalene. The analogy to
naphthalene extends even farther in that the only other
two allowed transitions in the conveniently accessible
spectral region are both long-axis polarized, the lower
energy one is quite weak and the higher energy one very
strong, and both are well represented as mixtures of
2- —1 and 1> -3 excitations, and thus are strongly
reminiscent of naphthalene transitions 'L, and 'B, except
that in 1A the orbital -3 plays the role of the orbital -2 in
naphthalene. The degree of mixing of the two configura-
tions is not exactly one to one and is somewhat dependent
on the details of the calculation. As a result, the intensity
of the lower of the two transitions, in which the transition
moments contributed by the two configurations approxi-
mately cancel, also depends noticeably on the details of the
method.

Table 1. Pentalene Dianion 1A

Transition
1 2 3 4 s 6 7
N-M E*, sym 364 B, 421 B,, 459 B, 507 B, 53-06 A, 53-09 B, 596 B,
SCI AR A 04 01 0-1 005 00 00 133 08 0-0 00 00 00 02 006
B¢ -22 30 0-0 -1-9 0-0 0-0 0-7
0-K E*, sym 36:1 B, 393 B, 46-4 B, 51-8 A, 563 B 564 B, 589 B,
SCI £°,£,° 03 01 02 01 00 00 00 00 13 06 00 00 02 006
B* -6-7 7-8 0-0 0-0 -4-7 0-0 30
0-K E®, sym 339 B,, 386 B, 43-5 Bs, 496 A, 50-8 Bs, 544 B, 586 B,
SECI-t £ f,° 02 01 0-1 01 0-0 00 00 00 00 00 10 08 04 03
B¢ -28 34 0-0 0-0 00 -3-1 2:5

*Transition energy (10° cm™"). *Oscillator strength from the dipole length formula. “Oscillator strength from the dipoile velocity

formula. “B term in units of 10~ x debye’® B./cm™".
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Table 2. Heptalene Dication 2C

1 2 3 4 S 6 7 8 9 [T R | | 12

N-M E% sym 266 B. 290 B. 378 By, 391 B. 391 B,, 404 A, 422 B.. 466 B,, 501 A, 508 B,, 544 B. 550 B.
SCI AR A 02 003 0-0002 0-0004 00 00 24 1.0 00 00 0-0 00 0-6 02 0-0 0-0 00 00 00 00 1133 06 0-006 0-00007
B’ 0-2 0-5 0-0 30 0-0 0-0 -33 0-0 0-0 0-0 -0-4 03

0-K E% sym 258 Ba. 273 B 361 B,, 389 A, 437 B, 442 B, 4.7 B, SI'1 By, 529 B,, 531 A, 573 B, 580 B.
SCI [ A8 & 0-08 0-01 0-01 0004 00 00 00 00 27 10 00 00 0-6 01 0-0 00 00 00 00 00 01 0006 13 0S5
B* 43 -4-5 0-0 0-0 17-3 0-0 -16-5 0-0 0-0 0-0 26 -3-4

0-K E..sym 289 B, 301 B, 384 B,, 397 A, 414 B, 439 A, 4.8 B, 452 B, 489 A, 491 B, 506 B, 555 B,
SECI-1  f>f° 0-06 0-04 0-0 00006 00 00 00 00 0-0 00 0-0 00 1-8 11 0-3 01 00 00 00 00 0-1 005 00 00
B* 03 0-02 0-0 0-0 0-0 0-0 43:0 -43:5 0-0 0-0 0-6 0-0

*Transition energy (10°cm™). ®Oscillator strength from the dipole length formula. “Oscillator strength from the dipole velocity formula. °B term in units of 107 x debye® B./cm™'.
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Table 3. Pentalene Dication 1C

Transition
i 2 3 4 5 6 7 8 9 10

N-M E*, sym 10-9 B 206 B, 343 B,, 418 B, 452 A, 536 By, 575 B,
SCI AN & 0-0008 0-009 0-05 0-01 04 02 24 05 0-0 00 0-0 00 00 00

B¢ -0-06 111 -0-8 03 0-0 0-0 0-0
0-K E", sym 82 B.. 176 B 339 B,, 470 B, 471 A, 565 By, 594 A,
SCI (AN A 0-0002 0-1 0-05 001 04 02 26 05 0-0 00 0-0 00 00 00

B¢ 0-05 0-8 -0-6 04 00 0-0 00
0-K E*, sym 147 B. 222 Buw 242 A, 29-6 B, 326 A, 399 A, 415 B.. 419 B,, 460 B,, 496 B,
SECI-1  f°,f° 0-002 0-006 0-05 0-03 09 00 00 00 00 00 00 00 04 03 00 00 00 0-0 12 07

< 02 0-4 0-0 0-0 0-0 0-0 -0-4 0-0 0-0 -0-2

*Transition energy (10°cm™’).

107> x debye® B.jcm .

Table 4. Heptalene Dianion 2A

>

*Oscillator strength from the dipole length formula. “Oscillator strength from the dipole velocity formula. “B term in units of

! 2 3 4 5 6 7 8 9 10 11 12 13

N-M E*, sym 8l B 136 B, 247 Ba 338 B, 362 B,, 407 B, 413 B, 422 A, 453 A, 461 B, 489 A, 509 B, 534 B,
SCI AN A a0l 002 0-008 0-0004 02 002 33 06 00 00 04 01 00 00 00 00 00 00 0-08 0-03 00 00 00 00 1-3 06

B¢ 04 -4 05 © 26 00 -57 0-0 0-0 0-0 09 0-0 0-0 82
0-K E® sym 61 B 109 B, 245 B, 386 B,, 392 B, 430 A, 448 B, 448 B. 461 A, 487 B, 508 A, 538 B, 548 B,
SCl (A A 00009 0-2 0-006 0-0003 02 0-003 0-0 0-0 34 05 00 00 00 00 06 02 0-0 00 03 008 00 00 00 00 03 01

B’ 02 -0-8 0-2 00 45 0-0 0-0 -123 0-0 4-0 00 0-0 173
0-K E' sym 110 B, 147 B, 2004 A, 239 B,, 276 B,, 290 A, 308 A, 308 Ba 344 A, 353 B,, 368 B,, 373 A, 391 B,
SECI-1 " f* 0002  0-000 0-004 0-001 0-0 00 0-0 00 0-0 0-0 00 00 00 00 003 0009 00 00 00 00 03 0t 00 00 113 07

B¢ 02 =05 0-0 0-0 00 00 00 03 0-0 0-0 -53 0-0 4-4

*Transition energy (10° cm™"). "Oscillator strength from the dipole length formula. “Oscillator strength from the dipole velocity formula. *B term in units of 107> x debye? g./jcm™".
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Use of semiempirical models for calculation of B terms in MCD spectra—III

Two symmetry-forbidden transitions are also calcu-
lated to be present, corresponding to aimost pure 1> —2
and 2 -2 excitations. Similarly as in naphthalene, a
short-axis polarized transition is calculated at about
60,000 cm™'. It corresponds to a 2— —3 electron jump and
is analogous to the 'B, transition in naphthalene.

All three calculations agree that the B terms of the
transitions into the first two excited states are due
virtually exclusively to their mutual mixing by the
magnetic field, the first B term being negative, the second
positive. The predicted negative B term for the very
strong third allowed transition, which will be hard to
observe in the usual ether solvents, results from a sum of
several relatively small contributions, all of which are
negative, in the N-M calculations, while in the O-K
calculations, the dominant term originates from mixing
with the fourth allowed transition.

The difference in size of the lowest two B terms
obtained from the three calculations is related to the
difference of the calculated dipole strength of the second
transition in the two cases. As pointed out above, this
transition is analogous to the 'L, transition of naphthalene
in that its transition dipole is a net result of cancellation of
two large terms. In naphthalene, this cancellation is exact
within the PPP model irrespective of the values of
parameters, and it is necessary to go beyond the PPP
model in order to account for its non-vanishing though
very small magnitude. In 1A, the cancellation is not exact
and is somewhat sensitive to parameter choice. In all
three instances tested by us the calculated value is
sufficiently large to insure domination of the first two B
terms by the effect of the mutual magnetic mixing of the
two corresponding excited states.

Thus, experimental results for B terms of the first two
bands in IA may be of particular interest for testing
parameter selections in the PPP model. If the degree of
cancellation of transition moments outlined above is
described incorrectly by the common parameter choices
used here, and the cancellation is nearly perfect, the
magnetic mixing of the first two states will be unimportant
and the B terms will be very small and dominated by small
effects whose sign the PPP model cannot predict reliably,
similarly as for the naphthalene 'L, transition, where it
predicts vanishing B terms (for both 'L, and 'L, bands). If
the cancellation is incomplete, but in the opposite sense
than calculated here, the two B terms will again be large,
but their signs will be opposite than predicted here.

The mixing coefficients for configurations 2— - 1 and
1- -3 are sensitive function of the diagonal matrix
elements of the Hamiltonian. For both parameter sets,
configuration 2— — 1 is of lower energy than 1+ -3, but
the difference is only 0-4 eV for N-M parameters while it is
1-:2eV for O-K integrals. The magnitudes of transition
moments of the two configurations are quite similar: the
2- -1 transition density has only two important con-
tributions, namely about i e on atom 2 and about —{ e on
atom 5, the 1 — 3 transition density has four, about § e
on atoms 4 and 6, and about — e on atoms 1 and 3.

The published experimental absorption spectrum*
shows a peak near 33,000 cm™' and an indistinct shoulder
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near 42,000 cm™ and it is tempting to assign these to be
the first iwo caiculated transitions.

Heptalene dication (2C, Table 2). This other 10-7-
electron system is predicted to have a somewhat more
complicated spectrum starting at longer wavelengths than
that of 1A. Except for this shift, the low-energy part of the
spectrum resembles strongly that of 1A and is thus again
analogous to that of naphthalene. The lowest-energy
transition should be weaker than in pentalene, but again
short-axis polarized, reasonably well described as a
1- —1 excitation, but now with a sizeable contribution
from 2—~ —2, and analogous to the 'L. transition in
naphthalene. The following two long-axis polarized
transitions are again analogous to the 'L, and 'B,
transitions in naphthalene in that they are represented by
mixtures of approximately equal contributions from two
configurations, 2—» — | and 1 -2, and in that the one at
lower energy is very weak and the one at higher energy
very strong. For 2C, the energies of these two configura-
tions are virtually equal for N-M parameterization, and
1- -2 is only 0-4eV lower than 2—- —1 when O-K
parameters are used. As a result, the uncertainties
concerning the exact degree of cancellation are larger
than was the case for 1A.

This is clearly reflected in the predicted B terms. With
O-K parameters at the SCI level, the transition moment of
the second transition is still far from zero, and the B terms
of transitions into the first two states are dominated
completely by a single term due to the magnetic mixing of
the two states. In contrast to 1A, the lower of the two
transitions is now predicted to have positive B, the higher
one negative B. On the other hand, at the SECI-1 level or
with N-M parameters, the cancellation is virtually
complete and the very small resulting transition moment
now has opposite direction. Contribution from mixing the
first and second excited states thus is not only very small,
but also of the opposite sign and tends to make B positive
for the second transition and negative for the first one. No
other terms of comparable magnitude contribute to the
second B term, so that the predicted value remains small
and positive, while several such small contributions to the
first B term exist, mostly with positive sign, and as a
result for N-M parameterization and for O-K parameters
at SECI-1 level, the first two B terms are both predicted to
be very small and positive.

Only one additional allowed transition is predicted
below 50,000cm™'. It is short-axis polarized, rather
intense, and the excited state is well represented as
configuration 2— —2 with considerable admixture of
1-» — 1. It thus corresponds to the naphthalene 'B, state.
In addition to the allowed transitions, several symmetry-
forbidden ones are expected.

The B terms predicted for the first two states have
already been discussed. The first one should be positive,
but no reliable prediction is possible for the second one,
since the results at different levels of approximation differ
so much. To the contrary, experimental results for this so
far unknown species would be of great interest as a
potential aid to evaluation of different parameter
schemes. The B term of the intense long-axis polarized
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third allowed transition is determined by mixing with the
nearby lying intense short-axis polarized fourth allowed
transition and all other contributions are negligible. The
first of these B terms should be positive, the second one
negative. The prediction of signs appears to be quite safe,
while magnitudes ought to be sensitive to the separation
of the transitions. Since the two transitions are so close to
each other, it is possible that their order is predicted
incorrectly. If this were the case, sign of the denominator
in the leading term for B would change, so that the then
higher-energy long-axis polarized energy transition would
have a negative B term and the then lower short-axis
transition would have a positive one. This reversal of
energies thus would not be apparent in the MCD spectrum
since the lower transition would still have a positive and
the higher one a negative B term.

Pentalene dication (1C, Table 3). The absorption
spectrum of this so far unknown species should be
beautifully simple. In the SCI approximation, only four
electronic transitions are to be expected up to almost
50,000cm™; all of them allowed, followed by four
forbidden transitions at higher energies. At the SECI-1
level, the same transitions are predicted (at higher
energies since the ground state is now 0-8 eV lower than in
the SCI calculations due to strong mixing with several
doubly excited configurations). However, at this level,
many forbidden transitions into doubly excited states are
predicted to lie at quite low energies. In the following, we
shall only discuss the four symmetry-allowed transitions,
for which B terms can be calculated easily. The first, very
weak and short-axis polarized transition should lie in the
IR region; the second, stronger and long-axis polarized, in
the visible region; the third, stronger still and short axis
polarized, in the near UV region; and the strongest fourth
one, long-axis polarized, near the edge of the vacuum UV
region. The description of these allowed transitions in
terms of singly excited configurations is complicated by
the fact that the order of SCF orbital enerries depends on
the parameters used. Using the numbering obtained with
N-M integrals (1:byg, 2:by, 3:bsu, —=1:bay, ~2: 24, —3:by,
—4:by, —5:by,), the first one is described as 1-» — 1, the
third one as 2- —2, and the second and fourth as
out-of-phase and in-phase superpositions of 1->-2
and 2--1. At least formal similarity with pairing
in excited states of neutral alternant hydrocarbons is
again obvious. Of course, predicted transition energics are
more reminiscent of spectra of double ions derived from
alternant hydrocarbons.

However, mechanism by which calculated B terms
arise is distinctly different. In double ions of linear
polyacenes, magnetic mixing of the very low-lying first
excited state into the ground state is calculated to play a
substantial role."” In 1C, and also 2A, the symmetry of this
low-lying excited state is unsuitable for such a mixing and
all significant contributions to the B terms arise in the
usual way, namely by magnetic mixing of the various
excited states among themselves.

The calculated B term of the first transition in 1C
originates from mixing with the second transition and is
too small to be considered significant; moreover, its sign
depends on the parameters used. The dominant contribu-
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tion to the B term of the second transition is provided by
mixing with the third ailowed transition, whiie mixing with
the first excited state plays a negligible role because of the
small magnitude of the first transition moment. The sign
can be reasonably safely expected to be positive. The
calculated magnitude is smaller in the SECI-1 calculations
because of a large energy denominator. The same mixing
of the excited states corresponding to the second and
third allowed transitions also is the sole significant
contributor to the B term of the third allowed transition,
expected to be negative and of about the same magnitude
as the second B term.

The B term of the fourth transition is the sum of several
small contributions, mainly from mixing with high-lying
transitions which are probably described rather poorly by
the PPP model, and no sign can be predicted at this time.

The small values of all B terms in IC are easily
understood to be a result of the large energy gaps from
one state to the next and of the relatively small transition
moments of most of the transitions.

Heptalene dianion (2A, Table 4): The absorption
spectrum of 2A is closely analogous to that of 1C, except
that all transitions are shifted to lower energies. Again,
some of the doubly excited configurations mix strongly
with the ground configuration, so that the SECI-1
excitation energies are higher. The four allowed transi-
tions analogous to those of 1C now all occur below
40,000 cm™*, again in the order short, long, short, long-axis
polarized, and with increasing intensity as one proceeds to
higher energies, and again are well represented by
configurations 1—- -1, then 2— — 1 mixed with 1-» -2,
then 2 —2, and finally 2 — 1 mixed with 1 = ~ 2. Now,
however, two additional allowed transitions occur below
50,000 cm™". The lower of these is short-axis polarized and
is best represented as 1 » — 4 (in the SECI-1 calculation it
actually occurs below the highest of the above-mentioned
four transitions), the other is long-axis polarized and best
represented as 2— —4. Numerous symmetry-forbidden
transitions are also predicted, again at lower energies in
the SECI-1 calculation than at the SCI level. Several of
the corresponding excited states are of doubly excited
nature.

The calculated B terms of the first three allowed
transitions are quite small and comparison with experi-
ment will again represent a fairly demanding test. The
small positive B term of the first transition originates in
magnetic mixing of the first and second excited states,
other contributions being negligible. The second B term is
a sum of two negative contributions, due to the mixing of
the second excited state with excited states of both first
and third allowed transitions. B term of the third allowed
transitions is a sum of numerous small contributions and
can hardly be considered reliable although it always came
out positive. The physical significance of the higher B
terms is in question since the SCI and SECI-1 results
differ. Again, comparison with experiment might provide
clues as to the appropriateness of the inclusion of multiply
excited configurations in the PPP model.

SUMMARY
Excited states of the 10-mr-electron ions 1A and 2C have
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much in common with those of naphthalene, including
near cancellation of transition moments contributed by
two configurations which are mixed in the same CI state,
and resulting uncertainties in some of the B terms.
Becatise of the sensitivity of the results for the lowest two
B terms to the choice of electron repulsion integrals, these
might serve as a useful check of the various possibilities.
This test appears to be more sensitive than simple
comparison of excitation energies which is usually used
for parameter fitting.

On the other hand, absorption spectra of the 6- and 14-
m-electron species 1C and 2A should resemble those of
doubly charged ions of the polyacene series. Because of
the symmetry of the first excited state, magnetic field
cannot mix it with the ground state although they lie very
close together. This should make the MCD spectroscopy
of 1C and 2A distinctly different from that of polyacene
double ions, in that B terms should be determined by
mutual mixing among excited states only, as is common in
molecules without low-lying excited states.

The ions 1 and 2 would represent good test cases not
only for comparison of various parameter schemes, but
also for an assessment of the importance of doubly
excited configurations for the PPP model. It should be
noted that we have used the same parameter values for
both SCI and SECI-1, while they ideally should be
optimized separately to ensure an objective evaluation of
the two schemes. The values used are appropriate for the
SCI approximation, so that it would not be surprising if
the SECI-1 energies were in poorer numerical agreement
with experiment. The evaluation should thus rely more on
the predicted number of excited states, their polariza-
tions, intensities, as signs of their B terms.
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