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ABSTRACT

Since its first observation 80 years ago, extended x-ray absorption fine structure (EXAFS) has become a powerful technique to observe the local structure in a wide class of media including the gas phase and several condensed phases. The accuracy for determining nearest neighbor distances has reached the milli-Angstrom level. Due to its main process, scattering of photoelectron waves from the highly localized core shells of neighboring atoms, EXAFS does not depend on excessive a priori information about the chemical nature (e.g., bonding) of its environment, and can serve serve as a quasi direct measure of internuclear separations.

With 100 femtosecond x-ray pulses from a synchrotron radiation source we will have a fascinating tool at hand to explore the nearly unknown structural dynamics of disordered condensed phases, e.g., liquids. Chemical reaction dynamics, ranging from the solid state to even protein dynamics, can now be investigated with unprecedented spatial and temporal resolution.

However, a major limitation for extending the pump-probe scheme into the x-ray domain lies in the very limited x-ray photon flux. While conventional users exploit SR as a very intense continuous light source, laser-pump-SR-probe experiments depend on the available number of x-ray photons per single pulse. In addition, pump-probe experiments are limited by the repetition rate of the exciting laser, which is typically 1 kHz for commercial amplified fs-lasers. Therefore, ultrafast structural methods utilize only ca. 10-5 - 10-6 of the available photon flux at a synchrotron. 

We are starting off to study the currently unknown local environment around short-lived radicals in H2O solution. Hereby, an ultrashort laser pulse photogenerates the radical of interest, and a subsequent x-ray probe pulse, records the EXAFS of the selected radical. While a strong photoinduced XANES signal will serve to experimentally check temporal and spatial overlap between both pump and probe pulses, picosecond resolved EXAFS can deliver the required structural information around the photogenerated radical. Femtosecond time-resolved EXAFS will then allow us to study the ultrafast resonse of the local solvent environment upon impulsive excitation.

Feasibility calculations will be presented, which will extend the possible experiments towards an experimentally most challenging system, H2S photodetachment from the heme pocket of Hb-H2S of lucina pectinata. In this sense, these calculations can serve as a roadmap towards the next generation of Femtochemistry: the study of the structural dynamics of the most complex systems, which are today impossible to derive otherwise.




























