Modeling SOA formation via a kinetic partitioning approach – sensitivity studies for α- and β-pinene ozonolysis
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Organic aerosol consists of primary and secondary organic aerosols in which secondary organic aerosol (SOA) serves the major burden of the atmospheric organic particulate matter with 140 – 910 TgC/yr  global burden (Hallquist et al., 2009). SOA particles are formed via the oxidation of organic precursors, where the volatility of the VOCs is lowered due to the increase in their functionalization as well as their binding ability. Therefore, gaseous compounds can either nucleate to form new particles or condense on existing particles. The framework of SOA formation is under natural conditions very complex, because there are a multitude of gas-phase precursors, atmospheric degradation processes and products after oxidation. Thus, a lacking understanding of chemical and physical processes associated with SOA formation complicates modeling of SOA processes, which usually causes underestimation of modelled SOA values.

The present study utilizes SPACCIM (SPectral Aerosol Cloud Chemistry Interaction Model, Wolke et al., 2005), which is a parcel model that couples a multiphase chemical model with a microphysical model. For SOA modeling a further development of SPACCIM was necessary. Therefore, two components are needed (i) a gas-phase chemistry mechanism for the VOC oxidation and (ii) a partitioning approach for the gas-to-particle phase transfer. An aggregated gas-phase chemistry mechanism for α- and β-pinene was adapted from Chen and Griffin (2005). For the phase transfer a kinetic partitioning approach (Zaveri et al., 2014) was implemented to get a more intensive description of SOA formation. The measurements of the institute's own chemistry department in the smog chamber LEAK are a perfect base for model evaluation and process analysis. The former utilized absorptive partitioning approach (Pankow, 1994) yields no consistent results for the two precursors α- and β-pinene, which makes a further development of the phase transfer description in SPACCIM necessary.
The kinetic partitioning approach offers now the possibility to describe the organic aerosol more in detail. This means that number, size, phase state, and reactivity of the organic aerosol particles are directly considered in the partitioning model. The results of a sensitivity study for these parameters with respect to the formed SOA for the ozonolysis of α- and β-pinene will be shown. Additionally an intercomparison between the SOA yields for the absorptive and the kinetic partitioning approach will be presented. Besides this, a comparison of the simulation results with chamber measurements will be given. 
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