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ABSTRACT 
X-ray absorption spectroscopy (XAS) is a premier technique for tracking the structure of working functional materials due to its sensitivity to atomistic and electronic structure of the material, element specificity, and applicability to a broad range of different samples and experimental conditions [1]. Nonetheless, the interpretation of XAS data remains often challenging, and is particularly difficult, if the investigated material is a mixture of different species.

Recent breakthrough developments in data science methods provide a solution to this problem. In particular, the development of unsupervised machine learning methods and their combination with X-ray absorption near edge (XANES) spectroscopy is helpful for understanding the speciation of working functional materials [2]. At the same time, we have demonstrated that the supervised machine learning (SML) methods are well suited for quantitative analysis of XANES [3] but also EXAFS (Extended X-ray Absorption Fine Structure) spectra [4]. As we have recently demonstrated, the SML-EXAFS approach is particularly useful for understanding the evolving structures of complex heterogeneous materials, which feature absorbing sites in different crystallographic environments [5]. Alternatively, SML methods can also be used to guide the identification of the spectra for pure species from a series of spectra for heterogeneous mixtures, which at the next step can be analyzed using more simple approaches [6].
Here we demonstrate the potential of machine learning-based data analysis on an example of studies of working catalysts for electrocatalytic CO2 conversion [4,6,7] and for oxygen evolution in alkaline electrolytes [5]. The compelling evidences about the nature of the catalyst active states, obtained from operando time-resolved XAS coupled with advanced data analysis approaches allow us to decouple the contributions of different species coexisting in working catalysts to the catalysts’ functionality, and provide guidelines for the further optimization of catalytic systems and reaction protocols. 
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