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Creating systems that effectively convert energy, such as 
efficient solar cells and electrochemical batteries, has been a 
longstanding scientific pursuit, especially given the global 
energy challenges nowadays. But from a biological 
perspective, the interplay between the electrical or chemical 
stimuli, the solar energy from sunlight, and the mechanical 
motion is commonplace, indeed fundamental, to nature’s 
abilities of self-regulation via the effective energy harvesting 
and conversion on both a microscopic and macroscopic level. 
Warm-blooded animals and many living organisms exhibit 
unique homeostatic abilities, maintaining tight control of their 
local environment (temperature, pressure, etc.) through 
efficient interconversions of chemical and mechanical energy 
via self-regulating feedback loops. In contrast, most man-
made materials lack this capability. Applying the concept of 
homeostasis to the design of autonomous materials would 
have substantial impacts in areas ranging from ‘smart’ 
materials that regulate energy usage in batteries or energy-
efficient buildings to medical implants that help stabilize 
bodily functions. This talk will present a versatile strategy for 
creating self-regulating, self-powered, homeostatic materials 
capable of precisely tailored chemo-mechano-chemical 
feedback loops on the nano- or micro-scale. The exemplary 
autonomous, self-sustained polymer-based material systems 
“SMARTS” are able to maintain a user-defined parameter, 
for example temperature, in a narrow range, by employing a 
continuous feedback loop between various catalytic reactions 
and the mechanical action of the environmentally-responsive 
material hydrogel. This broad-based energy-converting 
platform is highly customizable owing to the broad choice of 
chemistries, tunable mechanics and its physical simplicity. 
Perspectives on the nature-inspired solutions for may impact 
future applications in energy and biomedicine will be 
discussed, from “smart energy devices” of sunlight harvesting 
beneficial for solar cells, thermo-voltaics as counterparts of 
photovoltaics, photo/electro-chemical converters, to “energy-
efficient biomedical materials” in glucose self-regulating 
implants. 
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