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causes a chemical shift toward lower photon energies or electron 
energy losses, respectively (Leapman et al. 1982). This chemical 
shift is due to more effective screening of the core potential for 
reduced species. In parallel, upon decreasing the valence of a 
given element, the number of unoccupied states is decreased as 
well. For example, chemical shifts of the Ti L2,3 edges toward 
lower energy losses have been observed by Leapman et al. 
(1982), while La1–xSrxTiO3 was studied by Abbate et al. (1991) 
using Ti-L2,3 XANES to demonstrate the influence of altering Ti 
valence while keeping the Ti coordination unchanged (via the 
substitution of strontium by lanthanum). Höche et al. (2003b) 
also proved this effect using ELNES spectroscopy of barium 
oxo-titanates (III/IV) BaxTi3+

2xTi4+
8–2xO16. Eventually, Coulomb 

and exchange interactions (Zaanen et al. 1985) have to be taken 
into account for understanding departures from the ideal L3/L2 
intensity ratio for 3d transition metals (Thole and Laan 1988).

While the experimental assessment of transition-metal L2,3 
edges has been brought to a very high level of sophistication in 
terms of spectral, as well as, spatial resolution, the simulation 
of transition-metal L-edges has only recently reached a state * E-mail: thomas.hoeche@iwmh.fraunhofer.de
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absTracT

Transition-metal L2,3 XANES spectra are widely used to determine coordination and valence of the 
target ion. For decades, experimental fingerprinting, i.e., the comparison with spectra obtained from 
known reference compounds was the way to interpret spectral features. This approach was based on 
the common understanding that only anions in the first coordination sphere would determine the near-
edge structure, and crystalline references were selected accordingly. Using ab initio charge-transfer 
multiplet calculations, we demonstrate that there is also a significant impact on spectral features from 
the second-nearest neighbor cations. This finding is exemplified for three fresnoite-type vanadates, 
namely Ba2VSi2O8 (BVS), K2VV2O8 (KVV), and Rb2VV2O8 (RVV). The theoretical treatment provides 
evidence that for the three compounds studied it is not variable bond lengths or bond angles between 
vanadium and oxygen that make the V-L2,3 XANES spectra different, but the interaction of the target 
vanadium ions with its neighboring cations (Si for BVS, V for KVV and RVV), which dominates.
Therefore, we conclude that simple fingerprinting can result in misleading interpretations when inter-
actions with second-nearest neighboring cations are not taken into account. Ab initio charge-transfer 
multiplet calculations of spectral shapes (theoretical fingerprinting) should be employed instead to 
get a deeper understanding of structure-spectra relationships, or the choice of reference spectra should 
take into account second-nearest neighbors. Our findings are similarly important for the interpretation 
of electron energy-loss near-edge (ELNES) spectra.
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inTroducTion

The spectroscopy of unoccupied states, either excited by 
X-rays (X-ray absorption near-edge structure, XANES) or 
electrons (electron energy-loss near-edge structure, ELNES), 
has been gaining increasing interest due to its sensitivity toward 
subtle changes in the electronic structure accessible at a spectral 
resolution below 100 meV, or more precisely 10-4 times the 
excitation energy (Regier et al. 2007).

It has been known for many years that departures in co-
ordination around the probed transition-metal ion (see e.g., 
Brydson et al. 1989) result in changes to the spectral shape of 
transition-metal L2,3 edges. This is because the energetic posi-
tion of unoccupied 3d states is sensitively influenced by the 
crystal-field splitting essentially caused by the anions in the 
first coordination sphere around the probed cation (Höche et 
al. 2004). Another source of spectral differences is the valence 
state. For transition metals, it is found that lowering the valence 


