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Paramagnetic resonance spectroscopy can be
used to obtain remarkably detailed information
on the electronic structures of free radicals, or-
ganic molecules in triplet states, and certain or-
ganic polymers. Experimental values of electron
spin distributions on carbon atoms can be used
to test theories of molecular electronic structure,
such as those involving valence bonds, molec-
ular orbitals, or solitons. The electron spin dis-
tributions on carbon atoms can be deduced
from experimentally observed (electron-spin)-
(proton-spin) hyperfine splittings, together with
a theoretical analysis of the relation between
proton hyperfine interactions and spin densities
on carbon atoms. [The SC/® indicates that this
paper has been cited in over 420 publications.]
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This paper is essentially a companion to that
published with graduate student Don Chesnut
at Caltech that developed the theory for iso-
tropic proton hyperfine interactions in para-
magnetic organic molecules.! The present pa-
per concerns the theory of the anisotropic
component of the nuclear hyperfine interac-
tion that is often necessary to interpret the
spectra of paramagnetic organic molecules in
solids. John Strathdee was a summer employee
at Shell Development Company in 1957 and
went on to study theoretical physics in Cam-
bridge, England.

1 had two motivations for making these the-
oretical calculations of (electron-spin)<proton-
spin) dipole interactions in organic free radi-
cals (the anisotropic hyperfine interaction).
First, it was clear that one needed a quantita-
tive theory of these hyperfine splittings to in-
terpret virtually any paramagnetic resonance
spectrum in a condensed system where the

motion of the organic molecule is restricted.
Thus, the interpretation of hyperfine splittings
from paramagnetic molecules produced by ra-
diation damage in solids, or trapped in rigid
glasses, especially when oriented in single crys-
tals, all require a quantitative theory of the re-
lation of anisotropic hyperfine interaction and
molecular structure.

The second motivation for working out a
quantitative theory for anisotropic proton hy-
perfine interactions stemmed from the real-
ization that this could provide a critical test
of the theory of the isotropic proton hyperfine
splitting in 7-electron radicals. The theory, de-
veloped in some detail with Chesnut, predicted
an anomalous (negative) sign for the isotropic
coupling constant.? Since the sign of the (elec-
tron-spin{proton-spin) dipolar contribution to
the total hyperfine interaction can be stated
without ambiguity, observed anisotropic hy-
perfine interactions (dipolar plus isotropic) can
be used to determine the sign of the isotropic
hyperfine interaction, provided that a reliable
theory of the dipolar contribution to the an-
isotropic interaction is available. The Classic
paper provided this theory, and subsequent ex-
perimental studies of anisotropic hyperfine
interactions in the malonic acid radical
(COOH), established the validity of the pre-
dicted anomalous sign.2 (Three of the inte-
grals in the Classic paper require correction
due to a divergence [see R.M. Pitzer et al.3].
These three integrals are not involved in any
of the present discussion.)

My theoretical and experimental studies of
nuclear hyperfine interactions in paramagnetic
molecular systems were strongly influenced by
the elegant early experiments of C. Hutchison,
jr., S.l. Weissman, and G.K. Fraenkel and by
later experiments of Chesnut and W.P. Phillips.
A recent paper by White et al. provides a
starting point for some of the most recent lit-
erature.?

[Professor McConnell will be presented the
NAS award in chemical sciences on April
25th.]
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