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We have studied the performance of various density functional
approaches for the calculation of electron paramagnetic resonance
hyperfine coupling constants in transition metal complexes. Several
gradient-corrected as well as hybrid functionals have been validated by
comparison with experimental data and high-level coupled-cluster
calculations for 21 systems, representing a variety of bonding situations.
Although for a significant number of complexes, an auspicious agreement
(error within 10-15%) with the relevant experiment has been obtained,
none of the functionals investigated performs well for all complexes. The
main challenge represents the description of the very delicate core- and
valence-shell spin polarization, which is in many cases the dominant
mechanism creating the spin density at the metal nucleus.1

Second part of our work represents an analysis and interpretation of spin-
polarization effects in first-row transition metal complexes. In terms of the
orbital contributions to the isotropic hyperfine coupling, orbitals 2s and 3s
of the metal play the dominant role. Their contributions are of opposite
sign, both are directly proportional to the spin population of metal 3d
orbitals but are very stable with respect to different bonding situations. We
find that the mechanism of the spin polarization can not be reduced to
isolated interactions between the single electron and the electrons in the
doubly occupied orbitals, as the interactions between the paired electrons
and between the electrons and a nucleus are of the same importance. Spin
polarization is often neglected in calculations of the dipolar hyperfine
coupling; we find, however, that justification for doing so is doubtful.
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