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Recent advances in polymer network modeling and functional hydrogel design provide 

powerful tools for engineering next-generation materials for solar-driven desalination (SDD) 

[1]. This presentation integrates insights from recent computational developments in cross-

linked polymer architectures [2], experimental studies on conductive and thermoresponsive 

hydrogel systems [3], and emerging perspectives on structure–property relationships in 

advanced polymer materials [4]. Together, these works highlight how network topology, 

cross-link density, and functional inclusions govern mechanical stability, thermal transport, 

and responsiveness under external stimuli. Building on these foundations, we propose a 

multiscale modeling perspective for hydrogel-based solar-driven interfacial evaporation, 

emphasizing the coupling between polymer architecture and photothermal energy 

conversion. In particular, hybrid agarose-carbon quantum dot (Aga-CQD) hydrogels are 

discussed as a promising platform that leverages biopolymer network tunability with efficient 

light-to-heat conversion. This integrated modeling approach aims to bridge molecular-scale 

network descriptors with macroscopic evaporation performance, offering a rational pathway 

for the development of sustainable and scalable SDD materials. 
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