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New experimental techniques and developments in the theoretical analysis of X-ray absorption spectroscopy will be discussed. This includes:
(a) X-ray spectromicroscopy under in-situ conditions

(b) The inclusion of transition metal (-bonds in metal L edge analysis

(c) The consequences of the improved resolution in metal K edges.

(a) The 3d metal L edges are measured with soft X-rays between 400 and 1000 eV. Traditionally these spectra are measured in vacuum, but a number of beamlines are working with conversion electron yield under ~10 mbar pressure conditions. The reduction of Mn-doped Co/TiO2 systems will be illustrated as example. Scanning Transmission Electron Microscopy (STEM) EELS measurements reveal that the Mn-doped Co3O4 nanoparticles segregate to MnO and Co during reduction. With the recent developments in microreactors, Scanning Transmission X-ray Microscopy (STXM) experiments make it possible to follow metal L edges at 1 bar and 500 C, with a spatial resolution of 25 nm. This allows the in-situ spectroscopic study of a single nanoparticle (in action). Recent STXM results show the spatial distribution of the degree of reduction of single iron-oxide nanoparticles.

(b) For metal L edge analysis, a new addition to the charge transfer multiplet (CTM) model is discussed: the special role of (-bonding. In transition metal oxides only ligand to metal charge transfer plays a role. This implies that it is sufficient to describe the initial state as 3dn + 3dn+1L. In systems that contain significant (-bonding an additional charge transfer channel becomes dominant and this metal ligand charge transfer can best be described as 3dn + 3dn-1L. 

(c) The last part of the talk deals with the role of Resonant X-ray Emission Spectroscopy (RXES) to unravel the nature of the states that are visible in the pre-edge region of the 3d metal K edges. Using the 1s2p RXES of LiCoO2 as example, the presence of a 1s4p dipole pre-edge next to the traditional 1s3d quadrupole pre-edge is explained. The non-local nature of this dipole pre-edge peak is proven from its absence in systems with isolated Co atoms and trends as a function of Co-O-Co angle. In the outlook, a number of additional experimental routes is suggested, which shows that the use of HERFD and selective XAS techniques is only just starting.
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Core Level Spectroscopy of Solids will appear in February 2008.
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