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The main research theme of Prof. Lu’s functional nanomaterial lab is to rationally design, synthesize and fabricate high‐performance transducer material platforms for energy conversion, storage, artificial intelligence and life science. In this talk, she will discuss the following three research thrusts. 

Her lab has designed consistent and reproducible 3D carbon scaffolds that can maintain their porous architecture during down-stream processes (e.g. acid treatment and surface functionalization) for maximum mass and electron transport. Currently new surface functionalization strategies are being developed for green energy storage (e.g. aqueous-based batteries for load leveling) and for green energy conversion (e.g. electrocatalysis of the oxygen reduction reaction, a key process for polymer electrolyte membrane fuel cells).  

Her lab has revealed a new sub-molecular switch, a dibenzocyclooctadiene (DBCOD), a hinge, which consists of a flexible eight‐membered ring connecting two rigid phenyl rings. Like proteins, it can undergo a conformational change from twist‐boat to chair, using a low‐energy stimulus such as near infrared. We have demonstrated that a polymer system that contains a small amount of DBCODs without any processing optimization exhibits an anomalous giant thermal contraction. This thermal contraction value is about 10 times greater than the second best reported system. The discovery of this new submolecular switch opens a pathway to create low-thermal expansion polymers and enable the development of low-energy driven micro- and nano-actuators. It also offers a means for thermal waste harvesting.  
Her Lab is also creating a dynamic scaffold that can deliver spatially and temporally defined mechanical forces onto cells. This new platform is comprised of (a) a thick bottom layer of a near infrared mechanoresponsive nanocomposite of poly(N‐isopropylacrylamide) and few‐walled carbon nanotubes, and (b) a thin cell‐seeding top layer of collagen functionalized poly(acrylic acid)‐co‐poly(N‐isopropylacrylamide) that interpenetrates into the bottom layer. We have demonstrated that human fetal hepatocytes seeded on this bilayer change their shapes in response to near infrared stimulation with no obvious detrimental effect on cell viability. To the best of our knowledge, this is the first demonstration of a cell seeding platform that can impose spatiotemporal mechanical forces onto cells.
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