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When Grains Generate Power: Electro-active Colloidal Interfaces for Triboelectric Energy
Harvesting
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Electroactive interfaces formed from close-packed colloidal particles provide a novel pathway for designing soft
energy-harvesting systems. In this talk, I will show how monolayers of polymer colloids can be rapidly assembled into
hexagonally close-packed structures using a simple manual rubbing method with PDMS stamps, yielding well-defined colloidal
interfaces on both conductive and insulating substrates [1]. The formation and stability of these assemblies are governed by
tribocharging-induced electrostatic interactions, substrate stiffness, and particle-substrate contact mechanics, highlighting the
central role of interfacial forces in colloidal ordering.

I will then demonstrate how these ordered colloidal monolayers function as electroactive interfaces in triboelectric
nanogenerators (TENGs), where control over particle size, packing geometry, and surface chemistry enables enhanced and
tunable energy harvesting [2]. Beyond their role in TENG performance, recent results reveal that close-packed PMMA colloidal
interfaces exhibit a strong piezoelectric-like electromechanical response under mechanical loading, despite the absence of
intrinsic bulk piezoelectricity [3]. This emergent behavior arises from contact electrification and stress-dependent charge
redistribution at interparticle contacts, and can be observed even at the level of a single colloidal interface.

Together, these findings position close-packed colloidal assemblies as a versatile platform linking colloidal self-assembly,
interfacial electrostatics, and emergent electromechanical functionality, with implications for energy harvesting, pressure
sensing, and soft microsystems.

Self-assembly of colloids using the dry rubbing method
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