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Abstract. To date, X-ray spectroscopy has become a routine tool that can
reveal highly local and element-specific information on the electronic
structure of atoms in complex environments. Here, we report on the
development of an efficient and versatile theoretical methodology for the
treatment of soft X-ray spectra of transition metal compounds based on the
multi-configurational self-consistent field electronic structure theory. A
special focus is put on the L-edge photon-in/photon-out and photonin/electron-out processes, i.e. X-ray absorption, resonant inelastic scattering,
partial fluorescence yield, and photoelectron spectroscopy, all treated on the
same theoretical footing. The investigated systems range from small
prototypical coordination compounds and catalysts to aggregates of
biomolecules.

Tracing atomic and molecular levels in the course of various physical and chemical
processes, X-ray spectroscopy is one of the most powerful tools to access structure and
properties of matter in different states of aggregation. X-ray spectroscopic techniques probe
the local electronic structure of a particular atom in its environment. This is in contrast to
UV/vis spectroscopy, where transitions generally occur between delocalized molecular
orbitals. The combination of different absorption, emission (scattering) as well as photo- and
autoionization X-ray methods allows addressing various aspects of ultrafast dynamics and
identification of short-lived intermediates of catalytic reactions. However, interpretation of
complex experimental spectra and verification of experimental hypotheses is a non-trivial
task and a powerful first principles theoretical approach that allows for a systematic
investigation of a broad class of compounds is needed. An additional complexity stems from
strong electron correlation and spin-orbit coupling in the core-excited electronic states.
We aim at the development of an efficient and versatile theoretical methodology for the
treatment of soft X-ray spectra of transition metal compounds based on the multiconfigurational self-consistent field electronic structure theory combined with a perturbative
LS-coupling scheme for spin-orbit coupling [1]. A special focus is put on the L-edge photonin/photon-out and photon-in/electron-out processes, i.e. X-ray absorption, resonant inelastic
scattering, partial fluorescence yield, and photoelectron spectroscopy treated on the same
theoretical footing [2,3]. We address the application of the X-ray metal L-edge and ligand Kedge spectroscopy to unraveling electronic structure, nature of chemical bonds, oxidation,
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and spin-states, the interplay of radiative and non-radiative decay channels in transition metal
complexes. The investigated systems range from the small prototypical coordination
compounds [4-6] and catalysts [7] to the aggregates of biomolecules [8].

Fig. 1. Experimental and theoretical resonant inelastic X-ray scattering spectra of Fe(CO)5 in solution
[4]: Fe L3-edge (right) and O K-edge (left). The charge-transfer peaks (shaded) provide information on
the strength of covalent metal–ligand chemical bonds in terms of donation / backdonation mechanism.
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