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After years of studies in search of materials able to perform water photoelectrolysis, the holly grail material has not been found. The ideal material should fulfill the next criteria: to be environmentally abundant, sustainable and friendly, to have a band gap that allows absorption of a large part of the solar spectrum, to have suitable energy band edges to carry out the corresponding reduction and oxidation reactions of water, to show long-term stability against (photo)corrosion and to show fast kinetics for the photogenerated charge carriers transfer to the species in the electrolyte with a low recombination rate.

In the context of this PhD, our aim is to study nitrides and oxynitrides of transition metals. The interest is that the hybridization of the O 2p and N 2p orbitals, leading to the valence band, induces a decrease in the band gap of the material. ¹ Currently the number of studies is limited. The most outstanding reported materials are Ta₃N₅, TaON, BaTaO₂N, LaTiO₂N, or Ga and Zn oxynitrides, among others. 2 Eventually, ternary transition metal oxides from the perovskite and spinel families will be also studied. The number of possible candidates of ternary oxides is huge (more than 200,000). 3 This fact shows the large potential of these materials but also, the need of a guided selection.  

The materials will be synthesized as thin films by sol-gel techniques or sputtering or methods based on the prior preparation of powdered particles. The as prepared films will be modified with co-catalysts, extracting layers or dopants to improve their photoelectrochemical behavior. The prepared materials will be studied and characterized: (i) morphologically (TEM, SEM, AFM), (ii) structurally (XRD, Raman Spectroscopy), (iii) compositionally (XPS, elemental analysis, EDX), (iv) optically (UV-Vis, TAS (Transitient Absorption Spectroscopy), Fluorescence Spectroscopy) and (v) photoelectrochemically (using techniques such as cyclic and linear voltammetry (with and without illumination) and impedance spectroscopy, among many others).
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