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Abstract: Global warming is essentially an optothermal problem which the balance between solar 
heat gain and radiative heat loss is changed by the greenhouse gas emission. Immense opportuni-
ties for energy and sustainability lie in understanding and manipulating materials’ optical proper-
ties, which can originate from multiple length scales, from free charge carriers and the bound vi-
brational mode to nanocavity resonances. Meanwhile, electrochemistry is a powerful tuning knob 
for inducing drastic optical property change, varying the carrier density or even trigger a phase 
transformation in an electrically addressable manner, which is particularly desirable in many ener-
gy and sustainability applications where tunable range, scalability, and non-volatility are crucial. 
Integrating with metasurface concepts will provide additional degrees of freedom to boost perfor-
mance and achieve multifunctional control. In this talk, I will present our research group’s recent 
progress in three aspects: (i) Wearable photon-engineered textile for multispectral and multifunc-
tional radiative heating and cooling. (ii) High-metallicity electrochromic polyaniline for near-
perfect dynamic thermal meta-emitter. (iii) Reversible metal electrodeposition for solar and mid-
infrared control for all-year-round renewable thermoregulation for net-zero-energy buildings. 
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