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Multifunctional FFP2 facemask enables pathogens detection and white light-triggered
disinfection through hybrid nanomaterials
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Advanced technologies played a crucial role during the COVID-19 pandemic in the production of
personal protective equipment (PPE) and diagnostic tools. The large-scale use of facemasks led to a
substantial increase in medical waste, difficult to dispose of. At the same time, the urgent demand
for rapid and user-friendly virus detection led to the rapid adoption of antigen testing strategies.
This work reports the development of a smart nanomaterials-based facemask, designed to tackle
these challenges. The multifunctional FFP2 facemask leverages the synergy between
thermoplasmonic-triggered disinfection through light-responsive hybrid heterostructures and
optical metasurface-based colorimetric biosensing technology. A thorough analysis of the system
was performed through optical, morphological, spectroscopic, and viability assays and
environmental detection of harmful pathogens.

Thanks to its exceptional photothermal response under white light irradiation, the system achieves
efficient and non-hazardous E. coli inactivation of 6.7 log CFU. Coupled with the highly selective and
specific bioactivated metasurface-based biosensor, it enables highly sensitive and rapid detection
of environmental pathogens with a detection limit as low as 1 CFU per 100 mL. Our findings pave
the way for new applications in personal protective equipment and healthcare settings. The
proposed methodologies allow for safe, non-toxic disinfection of medical devices using a standard
white light source, as well as a rapid and user-friendly approach for detecting harmful pathogens.



