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Abstract 
The development of novel nano/micro materials and devices which can probe cellular motions and apply defined forces 
on cells could facilitate the study of cellular mechanics and enable significant applications in cellular sensing, bioenergy
-harvesting and cellular engineering. Piezoelectric nano/micro materials offer an excellent tool for sensing/engineering 
cellular mechanics, since these materials can perform an effective conversion between electrical signals and 
mechanical motions. However, the synthesis of these materials at nano/micro scales is difficult due to the stringent 
requirement of stoichiometry and crystalline structures. Furthermore, the hard and brittle properties prevent 
piezoelectric materials from interfacing with soft and curvilinear cells/tissues in a conformal and biocompatible manner. 
Here, I will present an approach to create high-performance piezoelectric nanomaterials for the interfaces with soft 
tissues and individual neuronal cells. The interfaces enable detections of tiny voltage-induced motions in neurons and 
generations of electrical energy by harvesting deformations of biological organs. The piezoelectric nanomaterials could 
also act as actuators to engineer cells via mechanical impacts. As the first step toward this application, I will show that 
force can induce and accelerate growth of neurons in specific directions through use of microfluidic channels. For the 
first time, a theoretical model based on the microtubule polymerization in neurons was derived, to explain this 
phenomenon. Aside from the development of biointerfaced nanopiezoelectrics, I will present an on-going research to 
develop a novel microfabrication method which can create versatile three-dimensional (3D) microstructures of 
biodegradable FDA-approved polymers for medical implants. A specific application for this technology is to create 
single-injection multi-pulse drug-delivery microparticles. These particles could deliver important therapeutics such as 
insulins, growth hormones, and virtually any vaccines; which are usually administered through multiple painful, 
expensive and inconvenient injections. The generation of advanced and functional materials with novel/desired 
structures at nano/micro scales such as the piezoelectric nanomaterials and 3D biodegradable polymers could 
significantly impact many areas in biomedicine including biomechanical sensing, neuronal recording, cellular 
engineering, bioenergy-harvesting, nerve regeneration and drug delivery. 
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