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Molecular self-assembly processes, such as nucleation, crystal growth, aggregation, nano-/micro- phase separation, have a profound impact on the solid-state properties of materials. For instances, difference in crystal packing (polymorphism) influences bioavailability, stability and processibility of pharmaceutical compounds; morphology, molecular packing and orientation of organic semiconductors are critical in determining their charge transport characteristics; controlling the nanoscopic phase separation is key to achieving high-efficiency organic solar cells. In most practical circumstances, these molecular assembly events occur at interfaces, especially solid-liquid interfaces during solution processing. By engineering the nano-topology, microstructure and chemical patterns of surfaces and interfaces, my research has established new methodologies for controlling nucleation kinetics, polymorphism and crystal morphology. 

Using lithographic methods for nanopatterning the polymer films, I demonstrated for the first time that the shape of surface nanopores (10-100 nm) is essential in determining the nucleation behavior. Furthermore, the nanoconfinement effect on nucleation was studied using polymeric microgels with tunable nanostructures and chemistry, whose mesh sizes range from 0.7-2 nm. I presented the first experimental evidence for the existence of an optimum confinement size at which the rate of nucleation was dramatically enhanced by up to four orders of magnitude. The degree of nucleation enhancement depends on the extent of polymer-solute interactions. In addition, the microgel nanostructure was also shown to play an important role in determining the crystal polymorphism of pharmaceutical compounds. These findings could potentially be applied to many areas of science and technology from designing ‘seed’ particles for regulating crystallization of various fine chemicals, to controlling pharmaceutical polymorphism, orienting biominerals on organic substrates, inhibiting ice formation on airplanes, promoting protein nucleation for structure determination and enabling multifunctional pharmaceutical excipient and drug-delivery vehicles.

Organic semiconductors have great potential for large area, transparent and flexible electronic applications. The ideal morphology for organic thin-film semiconductors should comprise of large single-crystalline domains where the charge transport is not hindered by uncontrolled grain boundaries. Towards this goal, we developed a new method for controlling, even eliminating the grain boundaries by engineering the triple-phase contact line. Enabled by this approach, highly aligned, large single-crystalline domains of organic thin-film transistors were achieved via solution printing. Looking forward, our approach has the promise to yield unprecedented control over the morphology and structure of organic semiconductor thin films, which is essential for their electronic performances.
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