
Abstract 
Advanced technology had a pivotal role during the Covid-19 pandemic, boosting the 

production of personal protective equipment (PPE) and diagnostic tools. However, it also exposed 

critical limitations in the management and disposal of PPE and diagnostic tools leading to growing 

environmental pollution. Standard disinfection approaches present several drawbacks, including 

material degradation, limited effectiveness against specific pathogen strains, high costs, complex 

procedures, and the use of chemical agents potentially hazardous to human health. The rise of 

nanobiophotonics has created new opportunities for light-driven solutions to these persistent 

healthcare challenges.  

Here, we present hybrid plasmonic nanostructures responsive to broadband white light, 

fabricated via self-assembly and bottom-up deposition methods. Plasmonic coupling within these 

architectures delivers significantly enhanced optical and photothermal performance compared to 

conventional nanomaterials. We characterize these systems through optical, morphological, and 

spectroscopic analyses, complemented by cell viability assays and environmental pathogen 

monitoring. We demonstrate their utility across different healthcare application domains. At first, 

non-hazardous photothermal disinfection of biomedical tools is achieved using a plasmonic gold 

nanorods array irradiated under a standard white light lamp, avoiding the need for complex or 

harmful decontamination procedures. Then, hyperbranched heterostructures are integrated into a 

smart, reusable FFP2 face mask capable of white light-triggered self-disinfection. To broaden the 

functional capabilities of the mask, a metasurface-based biosensor was designed, fabricated, and 

successfully integrated: it enables rapid and straightforward detection of harmful environmental 

pathogens with high selectivity and specificity. Our findings open new possibilities for 

next-generation personal protective equipment and healthcare facilities. 

 

 

 

 

 

 

 


