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Self-assembly is an important process nature adopts to form much of the physical world around us. Complex nanocomposites are believed to be associated with novel electronic, magnetic and photonic properties of organic and inorganic components. In these nanocomposite systems, although highly ordered structures can often form in a self-assembled fashion, the formation of the structures can be extremely dynamic, far from commonly believed near-equilibrium conditions even at the end of the ordering processes. Therefore, a controlled self-assembling of the nanostructure has to be guided by a thorough understanding of ordering kinetics and nanoparticle dynamics in the complex matrices. For probing the systems involving dynamical structure of surfaces and buried interfaces, many x-ray surface and interfacial characterization techniques provides a unique scientific opportunity to study the principle of formation of ordered nanostructures. As an increasingly important structural-characterization technique, grazing-incidence small-angle scattering (GISAXS) finds vast applications in nanostructures and nanocomposites at surfaces and interfaces for in situ and real-time studies because of its probing q-range (10-3 – 1 nm-1) and temporal resolution (10-3 – 1 s). At the Advanced Photon Source (APS), we pioneered in using GISAXS techniques under thin-film waveguide-based resonance conditions to study nanoparticle/polymer nanocomposites. Also, the kinematics of nanoparticle crystal formation at air/liquid interfaces has been obtained by the similar method in real time during the liquid droplet evaporation. A list of new and exciting research programs has been developed to study 1) kinetics of block copolymer thin films under thermal and/or solvent annealing 2) sol-gel processes to form highly-ordered nanostructures, 3) formation of organic/inorganic nanocomposite, 4) phase transitions in highly order two-dimensional nanostructures.
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