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"f or I ?" is a recent point in dispute for the electronic ground state of
acyloxyl radicals which are very important intermediates in thermal and photo-

1,2

chemical decomposition of acyl peroxides. Both ESR-experimental and MO-

2-4

theoretical investigations have been reported on the electronic structure of

acyloxyl radicals. The observed g—tensorsl’2 appear to support the I-ground
state for the acyloxyl radical. Recent semi-empirical NDDO calculations4 also
predict the I-ground state. On the other hand, the INDO calculationsz'3 and
135¢ c1pNp? support the NI-type ground state, and the question has not been solved
whether the electronic ground state of the acyloxyl radical is I- or Ill-type.
This paper intends to solve this problem by means of ab initio spin-restricted

open-shell SCF calculations.

C2V and Cs are possible symmetries for the planar RCOO radical.
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The lower electronic states expected for C, HCOO are 2p, (L), 2B,(I), and 2A,(H),
and those for Cs HCOO are 2A'(L) and 2A"(N). The qualitative pictures of the
unpaired-electron orbitals for these five states are shown in Fig. 1. In order
to determine these five electronic states, ab initio calculations of HCOO were

performed in a minimal basis set at the STO-3G level, the GTO expansion of STO
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Fig. 1. Qualitative pictures of the unpaired-electron orbitals for
the lower-lying five electronic states of HCOO.

being chosen from the work of Stewart.5 The orbital exponents of STO employed
are the standard molecular exponents given by Hehre et al.6 Bond lengths used
are; C-H and C-0 bond lengths of 1.08 and 1.25 ; for sz HCOO; two different C-O
bond lengths of 1.23 and 1.27 i for Cs HCOO. These values were estimated from
the semi-empirical work on HCOO,4 which indicates that the total energy of HCOO
is more sensitive to the 0OCO angle than the bond lengths. The OCO angle was
thus varied from 100° to 130° in steps of 10° to obtain the lowest energy for
each electronic state.

The self-consistency was achieved by repeated diagonalization of the
correct general SCF operator given by Hirao and Nakatsuji.7 It is expected that
the iterative diagonalization of the general SCF operator leads satisfactorily
to the correct converged solutions even when the usual Roothaan open-shell treat-
ment diverges.7 The total energies of four states, ?A:, 2B:, %A, and ?A", were
obtained satisfactorily by this procedure, while the convergence difficulty was
found for the 2A' state even if the MO's were correctly selected in each itera-
tion process. The conjugate gradient method8 was thus employed to obtain the
MO's of the 2A' state, the gradient of the electronic energy with respect to
each MO being evaluated by the orthogonality-constrained variation method.9

The lowest energies obtained for the five different electronic states are
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listed in Table 1. When the HCOO radical is constrained to the ch symmetry,
2a, () was the lowest state for the 0CO angle of 100°v130°. It is, however,

expected that the distorted 2A'(I) state is much lower in energy than the I-

states of the c2v symmetry reflecting the favourable mixing of I-configurations
caused by anti-symmetric stretching of the OCO group. The calculated total

energy of the 2A'(I) state with 0C0=120° was 15 kcal/mol lower than the sz
2a, (1) state and 7 kcal/mol lower than the Cs 2Za" (II) state. These results
support the 2A’(I) ground state for the HCOO radical.

Newtonlo calculated the HCOO radical by ab initic STO-3G unrestricted SCF

version and found that the C2v ll-state gave an energy lower than that Bf the
distorted I-configuration. Dispite the unrestricted wavefunction includes the
spin-polarization effect, it is not an eigen-function of the spin-squared
operator, S§2. According to the communication addressed to McBride from Newton,
the spin-unrestricted eigen states of HCOO showed an unusually large admixture
of states of higher multiplicity.10 The disagreement between the unrestricted
and restricted calculations can not be elucidated here, because detailed results
for the unrestricted calculations have not been published. The CI calculations
or extended-basis calculations will improve the total energies obtained here.
These more reliable calculations, however, were not performed in this paper.

The unpaired-electron of the 2A'(I) state is more than 95% localized on the

2p AO of the 0! atom (Fig. 2). This 2p A0 is in a direction perpendicular to

Table 1. Lowest energies(a.u.) of five electronic states of HCOO.

States OCOa) Total energy
Coy %A, (L) 130° -185.48829
2B, (T) 110° -185.51140
Al 120° -185.54552
cg 2a' (1) 120° -185.56996
2an (m) 120° -185.55832

a) The OCO angle which gave the lowest energy for each state.
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