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Abstract:  

This study investigates the atomistic mechanisms underlying triboelectric nanogenerators, 

which convert mechanical motion into electricity. The research focuses on triboelectrification 

at solid-liquid interfaces, where large contact areas can enhance current generation.  

A multiscale approach has been applied: molecular dynamics to capture atomistic 

configurations and Density Functional Theory (DFT) to analyze electronic structures. Using 

functionalized porous silica in contact with water, preliminary results indicate that while 

chemical doping induces minor changes, surface defects exert a decisive influence by driving 

charge separation, controlling current direction, and aligning with experimental observations 

of current flow during water intrusion and extrusion cycles. These findings further suggest 

kinetic limitations, as slow structural reorganizations after water extrusion may explain delays 

in current generation. By clarifying the role of surface defects, this study aimed to guide the 

design of more efficient energy-harvesting intrusion-extrusion devices. 


