Machine learning application for XANES spectroscopy of Pd nanocatalyst
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The machine learning (ML) is an advanced analytical approach which is now applied in many areas of science. This method has proven for tasks with a large number of parameters and is effective for big data processing. X-ray absorption near edge structure (XANES) spectroscopy is powerful tool widely applied for defining atomic and electronic properties of working catalysts [1]. In many cases, analysis of XANES data requires construction of theoretical models with a huge number of variable parameters. Therefore, application of ML to in situ and operando XANES offers new horizons for structural characterization.

It was XANES analysis that allowed us to detect formation of carbide and hydride phases in the core and shell of Pd nanoparticles (NPs) during hydrogenation reactions [2]. Interplay between these phases is known to significantly affect the activity and selectivity of the catalysts. Thereby, the investigation of the carbide phase formation in Pd NPs in presence of hydrocarbons is of practical interest for catalytic science.

In this work, we applied the Extra Trees approach for time-resolved XANES spectra of Pd NPs. Evolution of the structural parameters were obtained and compared with the principle component analysis (PCA) and multidimensional interpolation approach [3]. We constructed a training set based on theoretical XANES spectra calculated in the FDMNES code for Pd NPs with different interatomic distances and in presence of hydrogen- and carbon-containing species. We used Latin hypercube sampling for modelling 5000 spectra corresponding to 7 independent parameters in training set. 

Then, we performed ML to get structural parameters by tuning the theoretical spectrum to the experimental one. The parameters obtained from this fit allowed us to make a conclusion that under these conditions: (i) no hydride phase was formed; (ii) the fraction of surface atoms in the Pd NPs was close to 0.4; (iii) relative fraction of carbon atoms in the bulk (C/Pd) was ~ 0.13; (iv) at the surface, there was 1 acetylene molecule per 4 palladium atoms. Further analysis of big dataset of operando data is now in progress.
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