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Abstract: Artificial intelligence, and particularly machine learning, is transforming our 
ability to predict chemical properties, discover new molecules, and accelerate atomistic 
simulations. We leverage this emerging paradigm to design and simulate nature-inspired 
materials, focusing on sustainable building blocks derived from biomass waste and non-
critical resources. Our research focuses on elucidating structure–property relationships, as 
well as the assembly pathways and degradation mechanisms of biomolecules and biomass-
derived materials. By integrating computational chemistry, atomistic modelling, and 
machine learning, we develop predictive frameworks for the design of molecules and 
materials with targeted functionality. These efforts enable applications in precision 
agriculture, self-healing infrastructure, and energy storage. 
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