ROCK quick-XAS beamline at SOLEIL: opportunities for unveiling fast chemical processes with surface sensitivity
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ROCK (Rocking optics for Chemical Kinetics) is the quick X-ray Absorption Spectroscopy (quick-XAS) beamline at SOLEIL synchrotron, operating in the range between 4 and 40 keV with a sub-second and micrometer resolution1,2. The beamline was funded by the French National Research Agency (ANR) as part of the “Investissements d’Avenir” program to take part in the development of energy-related materials with enhanced efficiency. The ROCK beamline is thus dedicated to the study of fast chemical processes with main applications being the in situ/operando XAS characterization of catalysts and batteries in working conditions3. The ROCK beamline offers a large portfolio of setups available to the scientific community and has a sound background in using chemometrics (Multivariate Curve Resolution-Alternating Least Squares, MCR-ALS) for data analysis in various scientific fields4–6.
After a short introduction to X-ray absorption spectroscopy, the ROCK beamline capabilities and the large portfolio of environmental setups available will be presented and illustrated with 3 different cases. First, the investigation of the in situ formation of nanoparticles will be discussed to illustrate the power of MCR-ALS analysis for quantitatively analyzing large dataset (hundreds of spectra acquired during a time-resolved experiment)7. A second example, focusing on the use of layered double hydroxides (LDH)-based catalysis for the ethanol stream reforming reaction, will allow to present the importance of coupling other technics such as RAMAN spectroscopy with XAS4.
A final recent example in which the electro-activity of LDH was probed8 will allow to illustrate how is it possible to differentiate the active from the spectator species during a chemical process. Indeed, X-ray absorption spectroscopy is a bulk technique, which can make it difficult to differentiate the spectator species from the active species in chemical processes such as catalysis, where the active sites are more often surface sites and then represent only a fraction of the total material. To overcome this bottleneck, we used the so-called modulation-excitation X-ray absorption spectroscopy (MEXAS) with phase sensitive detection (PSD) methodology to highlight the contribution of active species during a chemical process9,10.
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