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Renewable energy is widely recognized as the foundation of a sustainable and technologically advanced future.
Among various clean energy modalities, hydrogen (H.) is regarded as a promising next-generation fuel owing to its
high energy density and the absence of carbon emissions upon utilization[1]. Given the abundance of water on Earth,
it is considered an ideal large-scale hydrogen reservoir. Nevertheless, the realization of efficient and economically
viable water splitting continues to constitute a central challenge in contemporary energy research[2], [3]. Although
excellent performance in the hydrogen evolution and oxygen evolution reactions is exhibited by noble-metal-based
electrocatalysts, practical implementation has been significantly constrained by their high cost. Consequently,
emphasis has been placed on advanced materials and innovative engineering strategies to enable cost-effective
and scalable hydrogen production. Two-dimensional (2D) materials have been identified as exceptional candidates
for electrochemical water splitting, with MXenes recognized as among the most promising and rapidly expanding
members of the 2D materials family[3], [4]. The development of hybrid electrodes that integrate conventional
substrates with advanced nanomaterials is still regarded as challenging. The performance of electrochemical
electrodes is governed by multiple interdependent factors, including structural integrity, long-term cycling stability,
surface wettability to promote efficient water interaction, and robust adhesion between the catalytically active
material and the underlying substrate[3], [4], [5], [6]. In this work, biocompatible and low-cost titania (TiO,)
was selected as the substrate, and a facile, solution-processed methodology was demonstrated to fabricate
MXene-modified Ti electrodes with enhanced interfacial adhesion. To systematically improve the wettability and
adhesion of MXene on titania, four distinct surface-modification strategies were implemented - anodization, plasma
treatment, HF etching, and HF-HNQO; surface activation, along with a multimodal surface-engineering approach.
Through these treatments, the TiO, surface chemistry and morphology were optimized to strengthen MXene
anchoring. Furthermore, the resulting Ti-MXene hybrid electrodes were comprehensively evaluated for applicability
in electrochemical water splitting, and it was demonstrated that engineered interfacial properties contribute to
enhanced electrode performance.
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