
Abstract  

This work advances Green and Sustainable Chemistry by addressing three fundamental 
transitions: feedstock, materials, and energy. A central focus lies in the development of 
sustainable polymers and coatings derived from renewable feedstocks such as furfural and other 
biobased reagents. These studies demonstrate viable alternatives to petroleum-based materials 
while maintaining functionality and performance relevant to industrial applications. In parallel, 
the synthesis of complex molecular motors exclusively from lignin-derived building blocks 
highlights how high-value, advanced functional molecules can be constructed entirely from 
renewable carbon sources. Together, these contributions significantly advance both the 
feedstock and materials transitions by integrating circular carbon concepts into high-
performance chemical design. 

Supporting the energy transition, light-driven and bias-free systems for hydrogen peroxide (H₂O₂) 
production were developed using renewable iron-based photocatalysts, modular photo-flow 
reactors, and precious metal-free photoelectrochemical platforms. These approaches improve 
selectivity and scalability while reducing reliance on toxic solvents and earth-scarce materials, 
oƯering sustainable alternatives to the conventional anthraquinone process. 

In addition, this work addresses the environmental impact of scientific research itself by 
proposing strategies for more sustainable laboratory practices, including reductions in energy 
consumption, hazardous waste, and resource use. Embedding sustainability principles directly 
into research environments is essential to aligning scientific innovation with broader 
environmental goals. 

Collectively, these advances demonstrate how integrated materials design, renewable 
feedstocks, green energy production, and responsible research practices can contribute to a 
more circular and sustainable chemical future. 
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