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            Abstract
The determination of the atomic structure and the retrieval of information about reconstruction and bonding of metal oxide surfaces is challenging owing to the highly defective structure and insulating properties of these surfaces. Transmission electron microscopy (TEM) offers extremely high spatial resolution (less than one Ã¥ngstrÃ¶m) and the ability to provide systematic information from both real and reciprocal space. However, very few TEM studies1,2,3 have been carried out on surfaces because the information from the bulk dominates the very weak signals originating from surfaces. Here we report an experimental approach to extract surface information effectively from a thickness series of electron energy-loss spectra containing different weights of surface signals, using a wedge-shaped sample. Using the (001) surface of the technologically important compound strontium titanate, SrTiO3 (refs 4, 5, 6), as a model system for validation, our method shows that surface spectra are sensitive to the atomic reconstruction and indicate bonding and crystal-field changes surrounding the surface Ti cations. Very good agreement can be achieved between the experimental surface spectra and crystal-field multiplet calculations based on the proposed atomic surface structure optimized by density functional calculations3. The distorted TiO6âˆ’x units indicated by the proposed model can be viewed directly in our high-resolution scanning TEM images. We suggest that this approach be used as a general method to extract valuable spectroscopic information from surface atoms in parallel with high-resolution images in TEM.
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                    Figure 1: 
                        STEM-HAADF image and diffraction pattern of a âˆ¼[001] oriented SrTiO
                        
                        3
                         sample.
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Figure 2: 
                        Experimental spectra.
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Figure 3: 
                        High-resolution images.
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Figure 4: 
                        Crystal-field multiplet calculations of Ti L
                        
                        2,3
                        -edge EEL spectra.
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        Editorial Summary
Surface bonding under the microscope
This paper reports a simple and accessible method of probing the nature of bonding on the very surface of a material, using technologically important strontium titanate as an example. The authors generated a wedge-shaped sample, so that the thickness of the sample decreases as a transmission electron microscope tracks across it collecting spectroscopic information. In this way, the contribution of the signal from the bulk material decreases and that from the surface increases. The relative weights of the surface and bulk signals can be estimated from a series of spectral acquisitions, allowing the surface component of the data to be extracted.
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