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Abstract
Titanium dioxide (TiO₂) is one of the most extensively studied transition-metal oxides due to its excellent physical and chemical properties, including high chemical stability, strong oxidizing ability, non-toxicity, and cost-effectiveness. These characteristics have made TiO₂ an important functional material in environmental remediation technologies. In recent years, TiO₂-based nanomaterials have gained increasing attention for a wide range of practical applications, particularly in antibacterial and antiviral coatings, formaldehyde degradation, self-cleaning surfaces for solar panels, and innovative cooling roof coatings for energy-efficient buildings. The performance of nanosized TiO₂ in these applications is strongly influenced by its structural, electronic, optical, and morphological characteristics, as well as its surface properties, including the exposure of specific crystal facets and surface-active sites. By manipulating these properties at the nanoscale, the photocatalytic activity and surface reactivity of TiO₂ can be significantly enhanced. Consequently, considerable research efforts have been devoted to tailoring TiO₂ nanostructures through controlled synthesis strategies, enabling the development of materials with diverse dimensional architectures and improved functional performance. Such structural engineering not only enhances photocatalytic efficiency and pollutant degradation capability but also improves environmental stability and long-term durability under real operational conditions. These advances open new opportunities for translating laboratory-scale nanomaterials into practical environmental technologies. This presentation will highlight recent progress in the synthesis, structural design, and functional optimization of TiO₂-based nanomaterials. Particular emphasis will be placed on their emerging real-world applications in environmental remediation, including pollution control, antimicrobial surface technologies, and the development of advanced functional protective coatings for sustainable infrastructure.

