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Since solid-state NMR allows the observation of local chemical environment of atoms 
independently of the existence oflong range order, it has now become a key tool to resolve the 
structure of glassy materials. Today, the high level of sophistication of multidimensional 
magic-angle spinning (MAS) NMR experiments allows structural motifs to be identified both 
at the short range order (i.e ~2A, such as silicate and borate polyhedra) and at the intermediate 
range order (2-8 A, connectivity patterns between these polyhedra). 

However, despite these achievements, the spectral broadening associated to the 
structural disorder of glass often limits the detailed interpretation of NMR spectra. In 
complement to these advances in NMR techniques, the combination of molecular dynamics 
simulations and first-principles calculations of NMR parameters (GIPAW method) has 
therefore recently emerged as a valuable tool to significantly improve the assignment, detailed 
interpretation and processing ofNMR spectra. This new approach offers new means to address 
several fundamental issues (in the context of glassy materials) : i) direct comparison of MD 
simulations with NMR experiments, ii) linking variations of the local structure (such as bond 
distances or angles) with NMR signatures; iii) improving the analysis of the NMR parameter 
distribution. As will be shown, the last point is essential for accurate processing (fitting) of the 
experimental data. 

All these NMR methodologies will be illustrated through applications to various oxide 
glasses and in particular borosilicate glasses modeling the French nuclear waste glass. In this 
context, applications to key issues will be presented: i) elucidation of the incorporation 
mechanisms of elements such as lanthanum and lead; ii) effects of irradiation on the glass 
structure; iii) impact of thermal history on chemical durability. Our latest methodological 
development based on Machine Learning will be presented. 
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