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The partial replacement of oxygen by nitrogen has a strong impact on the electrical and optical 
properties of perovskite related oxides. For example, oxide perovskites containing transition 
elements with d0-configuration (Ti+4, Nb+5 etc.) are generally colorless while the corresponding 
oxynitride perovskites often show bright colors. This has led to the suggestion to use oxynitrides as 
pigments [1] or photocatalysts [2, 3]. In addition, we recently found that the incorporation of nitride 
ions results in a tremendous increase in electrical conductivity as well as dielectric permittivity by 
several orders of magnitude [4]. Figure 1 schematically shows the structural variations frequently 
observed for perovskite oxynitrides. 

Figure 1: Commonly found cubic, tetragonal and orthorhombic structures of oxynitride perovskites. Oxygen 
and nitrogen (red and green spheres) may be randomly distributed on the different crystallographic sites or 

may lead to an ordered arrangement.  

 
X-ray absorption spectroscopy is an excellent tool to investigate the electronic structure of 
transition elements. Especially the near-edge (XANES) region, which reflects transitions from core 
electrons to unoccupied states near the Fermi level, yields valuable information about the energy 
states of the d-orbitals. We have performed XANES investigations on a number of oxynitride 
perovskites. These measurements were carried out at beamlines E4, C, A1 and X in transmission 
mode at the respective K- or LIII-edges.  

For transition metals the most important features in the pre-edge absorption spectra are transitions 
to empty orbitals with dominating d-character. Since only transitions with Δl = ± 1 are dipole-
allowed, the direct 1s→3d transition can only be observed as a very small feature due to a 
quadrupole allowance (Figure 2). The main peaks in the pre-edge region result from band 
transitions, which are allowed because of a mixing between the metal-d and oxygen-p orbitals. Due 
to the crystal field splitting of the d-orbitals into sets of t2g and eg symmetry, two peaks are 
observed. From the left graph in Figure 2 it can be seen that for LaTiO2N the respective peaks shift 
to lower energy compared to the parent oxide LaTiO3.5. Two main effects are known to alter the 
energy of the transition, namely the valence shift and the chemical shift. The former reflects the 
influence of the formal oxidation state of the transition metal in a chemically identical surrounding, 
whereas the latter corresponds to the influence of chemically different neighbors while the formal 
charge remains unchanged. Both LaTiO3.5 and LaTiO2N contain Ti+4, so a valence shift is not 



expected. It is, on the other hand, well known that the chemical shift increases with the ionicity of 
the bonds [5, 6]. Therefore, less electronegative anions will result in more covalent bonds and in 
turn in a reduced chemical shift. Our XANES results are therefore a direct experimental evidence 
for the more covalent character of the metal−N bond compared to the metal−O bond. As can further 
be seen from Figure 2, the eg-orbitals are much more affected than the t2g-orbitals. This is expected 
since the former are antibonding molecular orbitals resulting from the strong σ(d-p) interaction while 
the latter are basically non-bonding (apart from the weak π(d-p) overlap). 
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Figure 2 left: Ti-K XANES of LaTiO3.5 and LaTiO2N. In the inset the corresponding transitions are given. 
Right: Comparison of the Ta−LIII absorption spectra of SrTaO2N and SrTaO3.5. 

The chemical shift can also be observed at the LIII-edges, which are dominated by the very intense 
white lines resulting from dipole-allowed 2p-nd transitions. We compared the Ta-LIII absorption 
edges of a series oxynitrides and their corresponding oxides. As an example the right part of Figure 
2 compares the normalized Ta-LIII spectra of SrTaO2N and SrTaO3.5. For a quantitative analysis the 
first inflection points of the spectra were used for energy measure. The incorporation of two nitride 
ions in the TaO6 octahedra was found to lead to a shift of approximately 0.5 eV towards lower 
energies, in accordance to the anticipated behavior. In the case of LaTaO4/LaTaON2 the chemical 
shift is expected to be much larger since four of the oxygen ions replaced by nitride ions. The 
experimentally observed shift was in fact roughly twice as large as for the other oxynitrides [4]. 

The situation becomes more complicated when the incorporation of nitrogen leads to a change in 
the oxidation state of the transition metal. In such cases the valence shift and the chemical shift 
partly compensate each other. For the system SrMoO3-xNx a comparison of the edge positions with 
oxide Mo+4 and Mo+6 references lead to oxidation states of Mo significantly smaller than the ones 
calculated from the chemical composition (+4.62 vs. +5.03 for x = 1.05 and +4.52 vs. +5.19 for x = 
1.19) [7]. This finding clearly illustrates the competing effects of the valence shift and the chemical 
shift. When the chemical shift of ≈ 0.5 eV per nitrogen is taken into account, the oxidation states 
match very well [4]. 
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