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Goal
The objective is to demonstrate how to obtain quantitative information on the chemical and physical properties of materials using ab initio simulations, by comparing them with experimental spectra. 

SIMULATION OF X-RAY SPECTROSCOPIES
Depending on the absorption edge under consideration, various theoretical tools can be used to simulate X-ray spectroscopies. FDMNES is one such code based on density functional theory (DFT). We present its origins, key features, and capabilities, illustrated by a series of representative applications. These cover not only XANES and XMCD techniques but also related spectroscopies such as X-ray Raman scattering and resonant diffraction. We will see that each technique possesses specific characteristics that allow for the determination of distinct properties. All rely on the transition of a core electron to unoccupied states; consequently, their cross-sections depend on the electronic and magnetic structure of the material being probed. Thus, simulation enables us to obtain not only the expected spectra but also, potentially, the density of states and the degree of covalency between the absorbing atom and its ligands.

EXAMPLES
Three examples will be presented in greater detail. The first focuses on the study of hematite at room temperature under electric and magnetic fields. A very weak dichroic signal is observed upon reversal of the electric field. This signal changes sign when the magnetic field is reversed. We quantitatively reproduce all these features through simulation. We show that they are associated with very small atomic displacements and interpret the result in terms of electromagnetic multipoles. The second example concerns sulfur doping of TiO₂ (anatase phase). Various atomic models are used for the XANES simulations. We find that only a few of these models are plausible, implying the coexistence of two oxidation states: 6+ and 2-. The final example concerns an electrochemical interface between a Pt(111) electrode and an electrolyte, studied using surface-sensitive resonant X-ray diffraction. The so-called Helmholtz layer, located adjacent to the surface, can be analyzed in terms of composition (H₂O and H₃O⁺), distance from the surface, and the resulting charge of the surface Pt layer.
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