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ABSTRACT
I will begin my talk with an overview of air pollution, its major sources and environmental impacts, and the role of atmospheric chemistry in developing policies to mitigate air pollution since the 1950s. I will give a brief overview of my group's research projects on chemical mechanisms of atmospheric mercury cycling and compressibility of nanopore-confined liquids, and for the rest of my talk I will focus on the project devoted to studying the transformations and impacts of atmospheric soot. Soot comes from a variety of combustion sources. Once in the air, soot particles travel over long distances and undergo significant processing, increasing soot toxicity and altering its climate warming potential, which is highly sensitive to particle morphology and composition. Although soot particles are fractal aggregates, in atmospheric models they are commonly represented as spheres, and the implications of this simplification are not well understood. Using laboratory experiments, we show that owing to complex morphology, fractal soot particles rapidly acquire small amounts of condensate upon exposure to trace gas chemicals whereas spherical particles do not. Many of these chemicals are water-soluble and their addition, even in minute amounts, is sufficient to drastically improve the wettability of hydrophobic soot, promoting capillary condensation of water vapor. We developed a kinetic model for capillary condensation of trace gas chemicals and water vapor on fractal soot particles and used it successfully to support our experimental observations. To assess the role of capillary condensation in the atmosphere, we extended our model towards multi-component vapors and employed it within a larger particle-resolved aerosol model PartMC-MOSAIC to explore relevant atmospheric scenarios. We found that in environments dominated by biogenic emissions, capillary condensation can rapidly transform hydrophobic soot into cloud condensation nuclei. Such rapid conversion is not captured by the spherical representation of soot. We conclude that capillary condensation represents an important mechanism of atmospheric soot processing that must be incorporated into atmospheric aerosol models to improve their predictive power. 
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