Operando Raman Spectroelectrochemistry for Tracking Phase Evolution in Nickel-Based Catalysts
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Time-resolved Raman spectroelectrochemistry is a versatile and powerful technique that integrates the dynamic control of electrochemical processes with the molecular specificity of Raman spectroscopy. The synergy between electrochemical and spectroscopic perspectives enables the in-situ optical characterization of a wide variety of systems and processes, providing both structural and mechanistic information under realistic operating conditions. This combined approach is particularly valuable for studying dynamic phenomena at electrified interfaces, where transient species and structural transformations often determine overall performance.

Additionally, operando Raman spectroelectrochemistry provides direct insight into the structural evolution of nickel-based catalysts for oxygen evolution reaction. Tracking these changes through Raman spectroelectrochemistry makes it possible to identify the formation of active phases and correlate them with electrochemical performance. 

For instance, the electrochemical conversion of Ni(OH)2 into NiOOH is demonstrated by the detection of the characteristic bands at 475 and 550 cm-1 (Figure 1) [1,2]. Monitoring these vibrational signatures provides valuable information about the formation, evolution, and stability of the active oxyhydroxide phase, which plays a crucial role in OER performance. Furthermore, time-resolved measurements enable the observation of kinetic aspects of this transformation, offering insights into activation processes and potential-dependent behavior.
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Figure 1. Evolution of the characteristics Raman bands of NiOOH with potential.


Overall, Raman spectroelectrochemistry emerges as a key analytical tool for the rational design and optimization of electrocatalysts. Its application to nickel-based systems highlights its potential for advancing the development of efficient and robust materials for energy conversion technologies.
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