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X-ray Spectroscopy Studies of Molecules and Materials with TDDFT-
Based Approaches: Recent Applications and Developments

Over the last two decades, time-dependent density functional theory (TDDFT), in conjunction with suitable
exchange-correlation functionals, has become a computationally attractive approach for studying excited-
state spectra including X-ray spectra in a wide range of molecular and materials systems. In this talk, | will
present our TDDFT-based developments and applications for X-ray spectroscopies with the open-source
NWChem computational chemistry program. | will present recent work, where we have used the K-edge
(Fe, O, N) XANES to study the transient species of the photoaquation reaction in aqueous ferrous
hexacyanide, electron delocalization on the excited state in aqueous Fe(Il)Ru(lll), and ultrafast proton
transfer. | will also cover recent work to model the L3-edge XANES of model Ru complexes. For the
second part of our talk, | will present applications based on our valence-to-core (VtC) X-ray emission
protocol (sulfur compounds, 3d and 4d transition metal systems). Finally, 1 will present our recent
developments on resonant inelastic X-ray scattering (RIXS) calculations of transition metal complexes
(2p4d RIXS of Ru model complexes) within a simplified linear-response TDDFT framework.
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