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Abstract

Soot and polycyclic aromatic hydrocarbons (PAHs) released by cigarette and wood-burning
smoke progressively soil and chemically degrade the surfaces of museums, historic buildings and
cultural heritage artifacts, requiring frequent, costly and invasive cleaning. Conventional
TiO

2
-based photocatalytic coatings could help, but their wide bandgap (~3.2 eV) confines activity

to the UV range, which is scarce indoors and potentially harmful to pigments, varnishes and
organic conservation materials. We report a sustainable, visible-light-active hybrid photocatalyst
obtained by growing TiO

2
 nanocrystals on a phenyl-modified graphitic carbon nitride (PhCN)

through a facile, scalable solvothermal route, yielding a core–shell heterostructure with efficient
interfacial charge transfer, confirmed by XRD, FTIR, Raman, SEM/TEM, DRS and
photoluminescence analyses. Under white LED illumination, the TiO

2
/PhCN coating degraded

organic dyes (Rhodamine B, Methyl Orange) and, more relevantly, removed carbonaceous
deposits from cigarette and wood smoke with self-cleaning efficiencies of 68.5% and 76.8% in 6
h, reaching near-complete optical recovery within 18 h, as quantified by reflectance and
colorimetric (∆E) analysis, while remaining reusable over multiple soiling/cleaning cycles.
Because the coating is active under ordinary indoor lighting rather than dedicated UV sources, it is
compatible with the low-irradiance, conservation-safe lighting typical of museums, archives and
historic interiors. These results indicate that TiO

2
/PhCN coatings and paints could passively

protect stone, wood, canvas and glazed surfaces from soot and PAH accumulation, limiting
chromatic alteration and material decay and reducing the frequency of maintenance interventions,
offering a low-cost, energy-saving and non-invasive strategy for the preventive conservation of
cultural heritage in polluted indoor and museum environments.



