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The chemical and engineering issues associated with the development of multi-functional materials based
on mesoporous aerogels and polymer nanofibers of unique morphology are discussed. Such materials are
useful in a large number of applications such as separator materials of lithium-ion batteries, filter media
for removal of airborne nanoparticles, and anti-bacterial wound dressing. The design of open mesoporous
structures in aerogels with mechanically strong solid networks and the organization of two or more
polymers in the same nanofibers in core-shell, bi-lobal, or interpenetrating network morphology are some
of the key challenges that are answered by our research. Several specific examples will be presented to
elaborate the concepts involved in the design of aerogels of silica, syndiotactic polystyrene, polyurea, and
polyimides. The talk also covers the hydrodynamic aspects of a new, simple, and effective method for
scalable production of polymer fibers ranging from a few tens of nanometers to a few micrometers from
polymer solutions. The method capitalizes on a high velocity expanding gas jet to turn polymer solutions
streaming from the nozzles into fibers with smooth or wrinkled fiber surface morphology and with coreshell, interpenetrating, and side-by-side arrangements. These fibers are converted into non-woven mats
for potential use as wound dressing materials and as coalescing filters.
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