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Abstract
Rising concern over water and energy security has led to a growing demand for technologies that
address water scarcity or enable the use of intermittent energy sources. However, many proposed
innovations in areas that could address these issues (e.g. membrane separations, catalysis) will require
the ability to cheaply and scalably create nanomaterials with unprecedented structural and
compositional control. In this presentation, I will discuss the tremendous potential of using atomic layer
processing tools, such as vapor-phase infiltration and molecular layer deposition, to meet these
demands while also answering critical questions about the fundamental behavior of molecules in
membrane and catalyst systems. I will show how polymer membranes can be made conductive using a
combination of laser pyrolysis and alumina infiltration, creating low-cost devices that can leverage
electrical current for water treatment and water quality monitoring. I will then discuss molecular layer
deposition, an emerging tool for growing ultrathin organic and hybrid films, along with my work to
create new chemistries and study the fundamental growth behavior of this process. Lastly, I will
describe how molecular layer deposition can be used to grow catalysts for water-to-fuels reactions,
highlighting how this tool can open the door to many future improvements in water and energy
technologies.
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