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Oxygen K-edge X-ray emission (XE) spectra were measured for normal and deuterated water.
In a combination of experimental and theoretical techniques, we show that the oxygen K-edge x-ray
emission spectrum (XES) contains information on the ultra-fast photo-induced processes.
Using x-ray emission and photoemission spectroscopies to measure the occupied valence levels
in a thin crystalline ice film, we resolve the ionization-induced dissociation of water in ice on a
femtosecond time scale 1. Isotope substitution confirms proton transfer during the core-hole lifetime
in spite of the nonresonant excitation. Through ab initio molecular dynamics on the core-ionized
state, the dissociation and spectrum evolution are followed on a femtosecond time-scale. The
theoretical simulations confirm the experimental analysis and allow for a detailed study of the
dissociative reaction path.
In liquid water, the isotope effect in the x-ray emission spectrum was measured at different
excitation energies 2. The isotope effect and the difference between selective and non-selective
core-excitations are modeled using ab initio molecular dynamics and spectrum simulations. The
isotope effect in the XES is direct evidence of femto-second dynamics in the core-excited state.
Comparison to theoretical simulations shows that even the excitation-energy dependence in the
XES is mainly related to differences in core-excited state dynamics.

Femto-second molecular dynamics is simulated for a core-exciton
in water. For the resonant excitation of partially hydrogen bonded
molecules, the core-exciton localizes around the uncoordinated OH
group which consequently undergoes ultrafast dissociation in the
core-excited state. In contrast, the non-resonant excitation results in
a dissociation of the hydrogen bonded OH group. These mechanisms
are of fundamental importance for the understanding of radiation
damages in aqueous solution, and for the interpretation of XE spectra.
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