Electronic and Molecular Structure of Excited Ruthenium Polypiridyl Complexes from Picosecond X-ray Absorption Spectroscopy
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Ultrafast x-ray absorption spectroscopy (XAS) is a novel tool for the study of solvation dynamics and condensed phase dynamics in general. It is element-specific and allows the measurement of the electronic state of an atom of interest in disordered media by x-ray absorption near edge structure (XANES), and the nearest neighbor geometry via extended x-ray absorption fine structure (EXAFS).

We have carried out pulse-limited time-resolved XAFS measurements of laser-excited aqueous ruthenium-tris(2,2')bipyridine at the Advanced Light Source in Berkeley with a time resolution of ca. 10 ps. 
Formation of the metal-to-ligand charge transfer (MLCT) excited state in this chromophore – where a Ru 4d electron is moved by a laser photon to one of the bipyridine ligands - induces changes both in the geometric and electronic structure of the complex. Using 70 ps x-ray pulses as a probe, we detect transient changes due to the altered oxidation state of the Ru central atom by x-ray absorption near-edge structure (XANES) in its L-edge region. In addition, the data agrees nicely with crystal field calculations of the transient XANES features assuming a D3 symmetry. Analysis of the transient EXAFS measured 50 ps after excitation yields an overall decrease of the Ru-N distances (or the Ru-bpy distances) by ca. 0.02 Ǻ, which is not expected in quantum chemical calculations of the photoexcited species. The general applicability of ultrafast time-resolved XAFS to elucidate structural dynamics of condensed phase systems with contemporary pulsed x-ray sources will be discussed.
