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Near-Surface Cation Diffusion in Magnetite studied
by advanced Synchrotron and Neutron Methods

With their flexible stoichiometry, magnetic properties and wide abundance, iron oxides are used as catalysts
and catalyst components, in medicine, magneto-electronic devices and composite materials. As the surface
and interface properties of iron oxides are crucial for these applications, tuning their performance requires a
precise understanding of structure and reactions in their near-surface region.
For the stable magnetite (Fe3O4) (001) surface, oxidative regrowth, (partial) lifting of the subsurface cation
vacancy reconstruction and the element-specific incorporation of adatoms not only demonstrate a sensitive
relation of environmental conditions and defect structure, but also highlight the importance of near-surface
cation transport [1,2,3].
We studied the growth, defect structure and cation transport between an isotopically labelled 57Fe3O4 thin
film and a Fe3O4 (001) single crystal substrate by a combination of surface X-ray diffraction (SXRD), neutron
reflectivity (NR) and nuclear forward scattering (NFS) [4,5]. While NR provided information about the 57Fe
depth distribution, in situ NFS allowed to determine the lattice site-selective 57Fe depth distribution and pro-
vided independent information about the density and stoichiometry of the near-surface region. The transport
experiments are complemented with SXRD to characterise the Fe3O4 homoepitaxy, further emphasizing the
link between structure, stoichiometry and transport processes in Fe3O4.
Combining advanced sample preparation at CXNS with methods available at synchrotron and neutron facili-
ties such as PETRAIII, FRMII and SOLEIL allowed to derive characteristics of near-surface cation transport in
Fe3O4 that might as well be relevant for the class of spinel-type oxides as a whole.
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