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Atmospheric particulate matter (PM) is a global pollutant with adverse effects on human health, visibility, and climate.  In the United States, 75 million people live in counties that fail to meet government standards for concentrations of fine PM (<2.5 nm in diameter).  In order to design effective and efficient regulation, we must understand the sources, formation, and evolution of PM in the atmosphere.  This is complex chemical engineering problem that involves modeling upwards of 100,000 compounds in three phases (gas, aerosol, and aqueous) under constant attack by atmospheric oxidants and sunlight.  PM is composed of inorganic and organic compounds.  The inorganic fraction is relatively well-characterized.   However, due to its complexity, the organic fraction (25 to 75% of the total mass) remains to be adequately described.  My work is aimed at understanding the formation and evolution of organic aerosol (OA) in the atmosphere.  

I will show experimental and computational kinetic studies of an important source of OA: the ozone oxidation of alkenes that are emitted from the biosphere.  In these experiments, I isolate short-lived reactive intermediates from several atmospherically relevant alkene/ozone reactions under vacuum at 100 K.  I then perform temperate programmed reaction spectroscopy to elucidate the rate constants of these important intermediates.  The oxidation of alkenes produces multifunctional compounds containing peroxide, carbonyl, and acid functionalities.  Gas phase photochemical rates of these compounds are well described in the literature, but aqueous phase photochemistry studies are rare.  I will present aqueous photolysis rate measurements of methyl peroxide (the simplest organic peroxide) and glyceraldehyde (a water-soluble carbonyl).  I will also show a theoretical framework designed to determine the significance of aqueous photolysis for a large group of atmospherically relevant organic compounds using Henry’s law constants and hydration equilibrium.  A large fraction of OA is comprised of species with vapor pressures such that they will repartition between the particle and gas phase in response to changes in temperature or total condensed organic mass according to vapor/liquid equilibrium.  I will present a semi-empirical relationship that correlates the heat of vaporization with the distribution of volatilities of the aerosol mixture.   This relationship allows researchers to predict the total PM mass as a function of ambient temperature.   
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