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Chen et al., AE, 2022 ..

and the majority is
secondary OA (SOA)
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* SOA formation/evolution is complex
and demands process-level models
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* SOA formation/evolution is complex
and demands process-level models
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* SOA formation/evolution is complex
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* SOA formation/evolution is complex N
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* SOA formation/evolution is complex
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* SOA formation/evolution is complex
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* SOA formation/evolution is complex
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* SOM-TOMAS

» Kinetic, process-level model that
simulates the formation, evolution,
and properties of SOA

» Statistical approach to modeling the
oxidation chemistry and
thermodynamic properties
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* up to 11 tunable parameters used to run SOM-TOMAS

* gas-phase chemistry, autoxidation reactions, phase-state-
influenced kinetic gas/particle partitioning, heterogeneous
chemistry, oligomerization reactions
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Demonstrate the value of a process-level, kinetic model through
3 case studies:

1. Determination of SOA phase state

2. Bridge chamber and OFR studies
3. Understand wall artifacts in environmental chambers
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* Previous literature points to a-pinene SOA being semi-solid/viscous
under low RH (0-30%) conditions
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* SOM-TOMAS was updated to simulate (i) gas/particle partitioning influenced by
the particle phase state and (ii) formation/dissociation of dimers

- gas-phase particle-phase Dimer formation
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SOA (ug m~3)

* Prescribing the diffusion coefficient (Dy) has little influence on SOA formation or
composition but produces differences in the evolution of the size distribution
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* Prescribing the diffusion coefficient (Dy) has little influence on SOA formation or
composition but produces differences in the evolution of the size distribution
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e Steady oligomer formation increases the T, (glass transition temperature) and,
hence, lowers the Dy, of the particle phase

160
® Measured
140 - SOA (Faster Reaction)
-== Dimers (Faster Reaction)
120 - SOA (Slower Reaction)
Dimers (Slower Reaction)
100 -
80 - see®2efevectTevesvect
ke = 10724 cm?3 molec ! s~
60- kr=1.6 x 1072 5~
40 1
20 - /0 ________________
0 hathe””

(a)

2 3 4 5

Time (hours)

dN/dLogD, (cm~—3)

x 104 (b)t=3

—e— Measured

D

W

N

50 100
Size (nm)

(c)

Time (hours)

International Aerosol Modeling Algorithms (IAMA) Conference, 6-8 December 2023, Davis, CA




il

pubs.acs.org/est

Process-Level Modeling Can Simultaneously Explain Secondary
Organic Aerosol Evolution in Chambers and Flow Reactors
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 Chambers and flow tubes are key tools used to understand SOA systems in
controlled, laboratory settings
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* SOA data from chamber and OFR experiments do not necessarily agree with each
other m ]arge differences in oxidant concentrations, time available for partitioning,
and interactions with walls

SOA Yield
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* Accounting for wall losses, assuming a semi-solid aerosol, and modeling particle-

phase reactions results in chamber-OFR equivalency for a-pinene SOA

Chamber

e Measured
Modeled

Elapsed Time (hrs)
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SOA (ug m™2)

* Accounting for wall losses, assuming a semi-solid aerosol, and modeling particle-

phase reactions results in chamber-OFR equivalency for a-pinene SOA
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* Accounting for wall losses, assuming a semi-solid aerosol, and modeling particle-
phase reactions results in chamber-OFR equivalency for a-pinene SOA
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* Two different schemes were used to model the nucleation in the OFR to improve
the model performance against particle size distribution data
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* Nucleation linked to gas-phase dimers (ELVOCs), formed from carbon-number
retaining oxidation products, can explain particle size distribution data
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Vapors Are Lost to Walls, Not to Particles on the Wall: Artifact-
Corrected Parameters from Chamber Experiments and Implications
for Global Secondary Organic Aerosol

Kelsey R. Bilsback,*’<> Yicong He,<> Christopher D. Cappa, Rachel Ying-Wen Chang, Betty Croft,
Randall V. Martin, Nga Lee Ng, John H. Seinfeld, Jefrey R. Pierce, and Shantanu H. Jathar
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* Condensable vapors are lost to suspended particles and to the walls but NOT the
particles on the wall; finding consistent for 6 other SOA precursors
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* Pseudo-atmospheric simulations were performed with SOM-TOMAS to generate VBS
parameters for GEOS-Chem
* Accounting for vapor wall losses resulted in a large increase in SOA mass yields
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* Pseudo-atmospheric simulations were performed with SOM-TOMAS to generate VBS
parameters for GEOS-Chem
* Accounting for vapor wall losses resulted in a large increase in SOA mass yields
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f  PWL+V2PWL+VWL vs PWL

* Accounting for VWL leads to an
increase in SOA and OA in
precursor-heavy regions
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f  PWL+V2PWL+VWL vs PWL
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Key Findings:

Study 1: Observations of the particle size distribution can be used to constrain the
particle phase state and oligomer formation

Study 2: Process-level modeling can explain SOA formation and composition in
environmental chambers and OFRs, enabling better parameters for 3D models

Study 3: Vapors are lost to suspended particles and to the walls but NOT to wall
particles
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