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1. Background 3. Model Development 5. Nonreactive Uptake
Several recent studies indicate that secondary organic aerosol Mass transfer of species /to spherical particles (size section /), with . L
. . . o S . oo . . . a=01C =10 ugm=—,k =0
(SOA) Is a highly viscous liquid/semi-solid, with very low values of unsteady-state diffusion (£5,) and first-order reaction (4.,,) inside the | | | |
diffusivity in the particle phase (on the order 1018 - 10-15> cm? s1), particle can be described by the following set of differential equations 10 bulk particle-phase diffusivity
such that it evaporates very slowly (or not all) upon dilution. (based on work of Schwartz and Frieberg, 1981, Atmos. Environ.): S D, =10™em?s
However, the mechanism of SOA formation itself remains poorly £ t=6days| | —— D, =10"cm?s"
understood and inadequately represented in models. dC . = C ) B o —— D, =10"cm’s”
=k <C . —| —= < -—k .C S 06 D, =10"° cm’ s
In general, SOA can form via two possible mechanisms: dt ™9 | ~ rxn,i~a,i,m Q = i e e
t | X|,m Ca,tot,m ) o D,=10 "cm"s
1) Irreversible condensation of non-volatile organic vapors E o il |
formed from oxidation in the gas phase. where §a | T = equilibration time scale
2) Reversible absorption of semi-volatile and volatile organic / -l = - =16 min
vapors acc_ording to Rgoult’s law, with or without chemical k. =47R? N_ Rom n 4 = gas-side mass transfer rate constant E t =3 min
reaction in the particle phase. ’ ) DV - T =2 min
The former Is gas-phase diffusion limited and the growth will be o - , 0 5 10 15 20
controllec! b_y pre—existing aerosol surface area. The grovx{th’ ¥ 1 cothg, 1) 6e iexp[—” 7 D,t/R ] particle-phase time (h)
characteristics In the latter depends strongly on the species | a4 o =l (VR reactive diffusion term Decay of gas-phase concentration due to nonreactive mass transfer to
Vﬁlat'“ti’/vasr:"’e” as Its Slffu3|\1lty an:::l (rje&ctlwty n the pa_rtlcilhe | y | y } a preexisting SOA (0.2 um diameter) with different bulk particle-phase
ase. We have recently implemented these processes in the TT RN — 10- i - ieatinm
p o e : I)r/n dpl MOSALC (4 IOr_ o008 IGR steady-state term unsteady-state term diffusivities D, = 10~ to 10" cm? s™%. The equilibration time scale (1)
comprenensive acrosol rode (Zaveri et al., , JGR), ranges from ~2 min at D, = 1014 to 6 days at D, = 10-18. These results
which can then be applied to probe the mechanism of SOA P are generally consistent with Shiraiwa and Seinfeld, 2012, GRL).
formation from the observed evolution of aerosol size distributions q =R, [r)xn,u - diffuso-reactive parameter |
in growth and evaporation experiments. \' Dy, 6. Reactive Uptake
: : ~ = iIcle-phase concentration of species i in size bin m
C average particle-p 0
2. Schematic Process Representation | “sin w=01 C =10 ugm"
Interfacial C@Ji = average gas-phase concentration of species i .
, o 0-
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4. Nonreactive Evaporation 10"
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@ 04 - . " N - Decay of gas-phase concentration as the rate constant increases from
volume average 3 o013 POCp T ARIAMEON S AL, 0 to 0.1 s for two bulk diffusivity values: D, = 10-16 cm? s (left) and
particle-phase concentration E . _ ’ ' Db — 1012 ¢m?2 51 (right).
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e () /. Ongoing and Future Work
o o . ¥ ' I . _ = Analyze the behavior of reactive uptake for polydisperse aerosols
< P ble P . The model Is succes_sfq y ab © to reproc_juce .t © observe_d evaporation = Apply the model to interpret laboratory and field observations of
: of pyrene that was initially uniformly mixed in SOA particles of 0.175 .
. .7 . aerosol growth and evaporation.
C:(t) . um diameter. Note that evaporation is rather slow, with ~40%o | | e-nh | " 9 '
CaslO=5"1C remaining after 24 hours. The diffusivity in the bulk particle phase Implement actual particie-phase reactions that produce oligomers,
o was determined to be 2.5 - 5.0 X 10-17 cm? s°L. organosulfates, etc.
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