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Expanding the integration of renewable energy sources requires the development of low-costmaterials and
efficient technologies for energy conversion and storage. Among the various storage technologies, redox
flow batteries (RFBs) hold promises as effective electrochemical systems for coupling with renewables due
to their scalability, design flexibility, long-term stability, and cost-effectiveness. Conventional carbon elec-
trodes are often employed in these devices because of their low cost, electrical conductivity, and large sur-
face area; however, sluggish redox kinetics at their surfaces often lead to performance limitations and en-
ergy efficiency losses. Therefore, designing carbon electrodes with intrinsic surface chemical and electro-
chemical properties is essential to improve the efficiency of energy conversion and storage in such devices.
This seminar will present recent advances in the development of carbon-based electrodes and correla-
tive characterization approaches aimed at elucidating how surface chemistry andmorphology influence the
electrochemical performance of vanadium redox systems. Particular focus will be given to the design and
characterization of carbonmodel electrodes and graphene nanostructures, and their effects on the electro-
chemical kinetics of vanadium redox couples. The findings reveal that specific surface chemical functional-
ities, particularly nitrogen functionalities, can be tailored tomodulate electrochemical behavior and impact
the rate-determining steps of the vanadyl/pervanadyl redox couple [1]. In addition, nanoelectrochemical in-
vestigations via scanning electrochemical cell microscopy (SECCM) provide insights into how single-entity
electrochemistry governs vanadyl oxidation kinetics [2]. Finally, the broader implications for the rational
design of carbon-basedmaterials for redox flow battery technologies will be discussed [3].
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A Quantum of Matter is a series of events dedicated to the research in Physics of Matter that is carried out in the Physics Department of the
University of Trento. The goal ofAQuantumofMatter is to develop synergies and collaborations between research groups: for this reason, the
seminars will focus not only on the results obtained, but also on the techniques employed by the groups and on the possible research themes
that could be developed in partnership, leaving plenty of room for exchange of opinions and discussion.
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