Effect of Nitrogen Doping Strategies on the Conductivity of TiO₂ Nanotubes
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[bookmark: _GoBack]Nitrogen-doped titanium dioxide has attracted significant interest in a wide range of electrochemical applications, particularly in photocatalysis and energy storage. Owing to its high durability, corrosion resistance, and excellent nanostructuring capability, N-doped TiO2 is also a promising candidate for conductive scaffolds supporting electrocatalytic materials, especially under harsh operating conditions and high current densities that often lead to electrode degradation. Although pristine TiO₂ exhibits limited electrical conductivity and  higher charge transfer resistance as a wide-bandgap semiconductor, these properties can be significantly improved through defect engineering and heteroatom doping. In particular, nitrogen doping introduces oxygen vacancies and Ti3+ states, resulting in bandgap narrowing and increased electron concentration.

In this study, we investigated several nitrogen-doping strategies for TiO₂ nanotubes (TiO₂NTs) and evaluated their influence on scaffold conductivity using Mott-Schottky analysis to determine changes in flat-band potential and charge carrier density. The proposed modification approaches include: 
(i) hydrothermal treatment of as-anodized TiO2NTs in a urea-containing solution, (ii) the addition of urea to the anodization electrolyte, and (iii) nitrogen plasma treatment of as-anodized TiO2NTs. The morphology of the obtained nanomaterials was characterized by scanning electron microscopy, while the nitrogen content and its oxidation state was estimated using energy-dispersive X-ray spectroscopy (EDX) and X-ray photoelectron spectroscopy (XPS). Finally, the synthesized N-doped TiO2NTs were employed as conductive scaffolds for electrocatalytic materials, including electrodeposited nickel nanoparticles. 
The resulting materials were evaluated as catalysts for the hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) under demanding electrolysis conditions, including strongly alkaline and acidic media, as well as prolonged operation at high overpotentials. The catalytic properties of these materials were evaluated based on the Tafel slope and overpotential, while the stability was assessed by galvanostatic tests at 10 mA/cm2. Catalysts based on N-doped TiO₂ scaffolds demonstrated superior stability and electrochemical performance compared with their non-doped counterparts and conventional support materials, such as glassy carbon and fluorine-doped tin oxide.
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