From liquid to solid: The contribution of XANES at the structure and properties of glasses and melts.
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X-ray absorption is a powerful and element-specific probe for investigating the structure of materials: crystals, liquids, and glasses. Initially, such studies were limited to heavy elements in crystalline or amorphous solids, but thanks to the upgrades implemented on the LUCIA beamline, successful measurements on light elements were first achieved at room temperature and subsequently extended to high temperatures. We will present a series of experiments performed from room temperature up to 2400 K at the K-edges of Si, Al, Ca, and Fe in amorphous, crystalline, and liquid systems. These experiments have provided new insights into several fundamental processes: 
-i) they revealed the unique behavior of aluminum in molten silicates, leading to the proposal of a new model for the dynamics of molten silicates; 
-ii) they demonstrated that calcium rapidly occupies a pre-nucleation site when glasses are heated just above the glass transition temperature; 
-iii) they confirmed the local structure of SiO₂ polymorphs;
–iv) they elucidated the structure of molten alumina; 
- v) they showed how aluminates influence the redox state of iron.
Together, these results demonstrate the unique capability of high-temperature X-ray absorption spectroscopy to probe element-specific local environments under extreme conditions, providing fundamental insights into the atomic-scale mechanisms governing the structure, dynamics, and crystallization of oxide materials.

