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Theoretical simulations of ultra-fast dynamics in
solution probed with X-ray spectroscopies
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Inter-molecular interactions (in particular hydrogen bonding) influence solvation and reaction pathways, and
investigations of electronic structure and dynamics on the molecular level are important for a detailed under-
standing of chemical processes in solution.

In this presentation of a few case studies, I discuss how multi-configuration quantum chemistry (particularly
RASPT2) , density functional theory (DFT) and ab initio molecular dynamics (AIMD) simulations can be used
to study hydrogen bonding and excited state dynamics in solution and for simulations of X-ray spectra.

The performance of DFT methods for simulations of nitrogen K-edge X-ray absorption spectra is discussed
in relation to the pH dependence in the hydrogen bond environment and electronic structure of aqueous
ammonia/ammonium [1]. Furthermore, the influence of hydrogen bonding and core-excited state dynamics
on resonant inelastic X-ray scattering (RIXS) is established [2].

To conclude, I will discuss our contributions to rationalize time-resolved iron L-edge and N K-edge RIXS and
get insight into valence excited state dynamics in iron complexes and chromophores in solution [3]. The
interpretation of L-edge spectra is complicated and relies on accurate theoretical modeling and spectrum sim-
ulations to take into account effects of multiplet effects, spin-orbit coupling, chemical interactions, dynamics
in the spectroscopic process [4]. The multi-configurational restricted active space method (RASPT2) is an effi-
cient well-targeted approach for the purpose of simulating X-ray spectra, in particular for following distorted
geometries along chemical pathways.
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