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Latest breakthroughs in electron spectro-microscopy techniques have paved the way toward localizing 

single atom positions and acquiring two-dimensional elemental maps at sub-angström resolution over 

large unit cells. High-energy resolution electron energy-loss spectroscopy (EELS) can probe the local 

bonding environment and the electronic structure of nanostructured systems. 

 

In transition metal oxides, the L2,3

 

transition metal near-edge structures present, in particular, a strong 

sensitivity to the valence state modulations. Combining this information with imaging capabilities in an 

aberration-corrected Scanning Transmission Electron Microscope (STEM), it gives us a direct access to 

the valence state mapping down to the atomic columns.  

 

Hence we recently revealed direct experimental evidence of Fe
2+

/Fe
3+

 charge ordering in hematite-

ilmenite Fe1.35Ti0.65O3-d thin films using this real-space technique. The local Fe valence state 

distributions highlight a strong Fe
2+

 modulation correlated with a significant presence of oxygen 

vacancies. The magnetic and transport properties of these films are reviewed in the light of the charge 

ordering mechanism [1]. 

 

 
Fig.  (a) Fe1.5Ti0.5O3 structural model system, (b) reconstructed elemental map combining the O-K, Ti-L2,3, and Fe-L2,3 edges 
(red, green, and blue), and (c) and the corresponding map of the Fe2+ spectral weight, (d) and (e) examples of Fe-L2,3 fine 

structures probed at different atomic sites. 
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