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Controlled fabrication process of semitransparent titania nanotube architectures on transparent conductive oxide coated glass substrates is crucial for advanced photoelectrochemical applications. Gold nanoparticles decorated anodic titania nanotubes, exhibiting localized surface plasmon resonance, have the potential to improve photocatalytic activity, visible light absorption, nonlinear optical behavior, and the efficiency of solar energy and photonic devices. In this study, we systematically compare different fabrication strategies to obtain gold containing semitransparent titania nanotubes via film deposition, electrochemical anodization, calcination, and modification, to elucidate structure-property relationships governing photoactivity and oxygen evolution reaction (OER) performance.        
Deposition of films used for anodization was achieved by magnetron sputtering employing either simultaneous co-deposition of Ti and Au targets (Fig. 1a) or layered deposition mode i.e. alternating Ti film and TiAu-alloy film (Fig. 1b). Anodization of both film types was carried out in fluoride-containing organic electrolytes (Fig. 1c), yielding vertically aligned and closely-packed oxide nanotube arrays (Fig. 1d). In the case of simultaneous co-deposition of TiAu-alloy films, Au is homogeneously distributed within the Ti matrix prior to anodization, leading to its incorporation within the nanotube walls post-anodization and annealing. Optimized laser treatment formed gold nanoparticles, resulting in modified surface electronic states that favor electrocatalytic activity, particularly toward the OER. In contrast, Ti/TiAu layered films introduce a periodic compositional modulation, which results into a non-uniform Au distribution along the nanotube length after anodization. This structural anisotropy enables tunable functional properties depending on post-thermal-treatment conditions. For example, air-annealed samples exhibit enhanced OER performance compared to simultaneous co-deposited samples discussed above resulting from stabilized oxide phases and catalytically active sites [1]. On the other hand, rapid thermal annealing in a hydrogen atmosphere promotes structural defect formation, e.g. oxygen vacancies, leading to improved charge transport and enhanced photoactivity [2].
This study demonstrates that while simultaneous co-deposition favors uniform gold incorporation and predominantly electrocatalytic properties, layered deposition offers greater flexibility in tuning the balance between photoactivity and catalytic performance. These findings provide critical insight into composition-structure-property relationships in semitransparent titania nanotube platforms and establish scalable strategies for designing multifunctional electrode materials.
[bookmark: _GoBack][image: ]
Figure 1: Scheme of TiAu film obtained by a) simultaneous, b) layered co-deposition. c) Anodization setup, and d) SEM images of obtained nanotube architecture (inset: semitransparent material). 
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