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Fuel cells are highly efficient devices for converting chemical into electrical energy and have been proposed as an alternative solution for the sustainable production and storage of energy. However, the production and adoption of these devices on a large scale are limited due to their high cost, which is attributed to the use of expensive catalysts such as platinum [1]. Therefore, it is necessary to find cheaper alternatives based on more abundant materials with different structures and compositions. Some options include iron oxide, nickel, molybdenum, activated carbon and graphene, typically in the form of nanostructured materials [1,2].

[bookmark: _GoBack]In recent decades, zerovalent iron (nZVI) nanoparticles have shown very good efficiency in removing a wide range of contaminants by donating electrons in reduction processes, as well as adsorbing contaminants on their oxide layers. However, their application is limited due to the high cost compared to their useful life. To increase the stability of nZVI without compromising its efficiency, encapsulation of nZVI within carbon spheres through hydrothermal carbonization (HTC) has been proposed. This method allows the production of a carbon-rich solid on a scalable manner [1,2]. These carbon-encapsulated iron nanoparticles (CE-nFe) are a promising option also in electrocatalysis because the carbon layer surrounding the iron core improves their catalytic capacity and stability, protecting them from oxidation [1].

The objective of this thesis is to study the catalysis of various electrochemical reactions, such as H2 production / oxidation, CO2 reduction, O2 reduction as well as NH3 oxidation, using electrodes composed of CE-nFe and to relate their catalytic capacity to their composition, morphology and nanostructure. First, the interfacial properties of CE-nFe will be investigated to establish correlations with their catalytic activity, using electrochemical characterization techniques such as impedance spectroscopy or cyclic voltammetry. The laser-induced temperature jump will be employed to further investigate the interfacial electric field and charge separation at the double-layer. These electrochemical techniques will be combined with in-situ characterization techniques such as FTIR, Raman, and DEMS spectroscopy to determine the products and intermediates of electrochemical reactions.

In the second part, the synthesis, purification and post-treatment processes of nanoparticles will be improved with the aim of obtaining maximum catalytic activity at a lower production cost. Moreover, we will stablish the correlation between the catalytic activity with the composition and the structure of the CE-nFe electrodes through nanoparticle activation methods such as oxidation with nitric acid and doping with nitrogen and phosphorus as well as characterization of the electrode structure by XPS, SEM, AFM and HRTEM microscopies.
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