
Abstract. The development of open-shell molecular
orbital theory provided a tool for understanding the
observed electronic spectra of radicals and radical ions.
This then permitted chemists to understand the origin of
the color of many radical ions and to explain in detail
the photochemistry and reactivity of radicals and radical
ions.
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In this review we summarized our experience with the
development and applications of semiempirical Pariser±
Parr±Pople (PPP)-type and all-valence-electron methods
to electronic spectra of radicals. After the era of PPP
calculations on closed-shell molecules and the advent of
semiempirical all-valence-electron methods, the electron-
ic spectra of radicals represented a new challenge for
molecular orbital (MO) theory. It was a time when
progress in experimental techniques resulted in accumu-
lation of a vast amount of data on the electronic spectra
of radicals of various structural types. Compared to
closed-shell molecules, the electronic spectra of some
radicals exhibited peculiar features: bands in the near
infrared, many transitions in the whole UV/vis region,
and some bands of extraordinary intensity. Clearly,
without the help of MO theory, their interpretation
seemed even harder than with closed-shell molecules.

There was a rich choice of available open-shell
methods in the early 1960s [1] but their applications were
rare and the results met with a di�ering degree of success.
Obviously, a systematic examination was lacking.

We decided to undertake this with the aim of formula-
ting a generally applicable computational scheme for
radicals which would be a natural extension of the
PPP and semiempirical all-valence-electron methods for
closed-shell molecules. We used for this purpose the self-
consistent-®eld open-shell methods of Longuet-Higgins
and Pople [2] and of Roothaan [3], we derived all
expressions necessary for CI-S calculations [4, 5], and we
tested the semiempirical open-shell PPP-type and
INDO/S calculations systematically for various classes
of radicals.

Needless to say that after 30 years or so, this type of
calculation, as all other semiempirical calculations, lost
much of its importance. By means of highly sophisti-
cated ab initio methods, such as SAC-CI [6] and
CASPT2 [7], it is now possible to treat rather extensive
open-shell systems and with remarkable accuracy. Still,
we believe that for large conjugated hydrocarbon radi-
cals, the open-shell PPP-type approach remains a
method of choice. To document this we present a ®gure
(Fig. 1) from our review on the radical anions of a, x-
diphenylpolyenes.

References

1. Berthier G (1964) In: LoÈ wdin PO, Pullman B (eds) Molecular
orbitals in chemistry, physics and biology. Academic Press, New
York, p 57

2. Longuet-Higgins HC, Pople JA (1955) Proc Phys Soc Lond Sect
A 68: 591

3. Roothaan CCJ (1960) Rev Mod Phys 32: 179
4. ZahradnõÂ k R, CÏ aÂ rsky P (1970) J Phys Chem 74: 1235
5. ZahradnõÂ k R, CÏ aÂ rsky P (1973) Prog Phys Org Chem 10: 327
6. Nakatsuji H (1997) In: Leszczynski J (ed) Computational

chemistry: reviews of current trends. World Scienti®c, Singa-
pore, Vol. 2, p 1

7. Andersson K, Roos BO (1995) In: Yarkony DR (ed) Modern
electronic structure theory. World Scienti®c, Singapore, p 55

8. Hoijtink GJ, van der Meij PH (1959) Z Phys Chem (Frankfurt)
20: 1Correspondence to: P. CÏ aÂ rsky

Perspective

Perspective on ``MO approach to electronic spectra of radicals''
CÏ aÂ rsky P, ZahradnõÂ k R (1973) Top Curr Chem 43: 1

Petr CÏ aÂ rsky, Rudolf ZahradnõÂ k

J. HeyrovskyÂ Institute of Physical Chemistry, Academy of Sciences of the Czech Republic, DolejsÏ kova 3, 18223 Prague 8, Czech Republic

Received: 14 January 1999 /Accepted: 16 August 1999 / Published online: 17 January 2000
Ó Springer-Verlag 2000

Theor Chem Acc (2000) 103:315±316
DOI 10.1007/s002149900091



Fig. 1. Absorption spectra of
anions of a,x-diphenylpolyenes
[8] and results of open-shell
Pariser±Parr±Pople-type calcula-
tions. The wavy lines with arrows
represent forbidden transitions
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