Electronic Supplementary Material (ESI) for Environmental Science: Atmospheres.
This journal is © The Royal Society of Chemistry 2021

—
SO0 I WnNPk W N —

—_— e = e e e
NN N R W=

18
19
20
21

22
23
24

25

A Computationally Efficient Model to Represent the Chemistry,
Thermodynamics, and Microphysics of Secondary Organic Aerosol

(simpleSOM): Model Development and Application to a-pinene SOA
Shantanu H. Jathar'*, Christopher D. Cappa?*, Yicong He!, Jeffrey R. Pierce’, Wayne Chuang', Kelsey R.
Bilsback!, John H. Seinfeld*, Rahul A. Zaveri®, Manish Shrivastava®

'Department of Mechanical Engineering, Colorado State University, Fort Collins, CO, USA
Department of Civil and Environmental Engineering, University of California, Davis, CA, USA
3Department of Atmospheric Science, Colorado State University, Fort Collins, CO, USA

“Divison of Chemistry and Chemical Engineering, California Institute of Technology, Pasadena, CA,
USA

SAtmospheric Sciences and Global Change Division, Pacific Northwest National Laboratory, Richland,
WA, USA

Correspondence to: Shantanu H. Jathar (shantanu.jathar(@colostate.edu) and Christopher D. Cappa
(cdcappa@ucdavis.edu)

Table S.1: SOA mass concentration and O:C observations from several environmental chamber studies
performed on _a-pinene.

Reference O:C Range Oxidant Max SOA (ug m?)
Aiken et al.! 0.28 O, ~500
Shilling et al.? 0.29 to 0.45 O, 0.5 to >140
Chhabra et al.3 0.30 to 0.43 05 57 to 183
Zhang et al.* 0.451t00.55 0,/OH 125 to 250
Jarvinen etal.> | 0.23 to 0.29 0;/OH >600
Nah et al. 0.451t00.52 0, 62 to 87
Kim et al.’ 0.33t0 0.42 05;/OH 20 to 255
Heaton et al.8 0.31 to 0.37 0O; ~400

Table S.2: simpleSOM parameters to model SOA formation from photooxidation of (-pinene for four
target end-of-experiment oligomer fractions, f,;,=0, 20%, 50%, and §0%.

3
Soiig mo IIZ;:;’;_, &1 k. (s Mgy | Pross | A logc® Py, Py, Py Py, Pervoc
0.0 NA NA 3.513 10.989| 1.630 | 0.001 0.704 | 0.260 | 0.001 0.034
0.2 104 1.5x102 | 3.651 |0.961| 2.198 | 0.001 0.897 | 0.067 | 0.001 0.034
0.5 1024 2.4x103 | 4.121 10.990| 2.785 | 0.429 | 0.465 0.071 0.001 0.034
0.8 1024 2.5%10* | 5.240 [{0.990| 3.140 | 0.694 | 0.180 | 0.091 0.001 0.034

Table S.3: simpleSOM parameters to model SOA formation from photooxidation of [1-pinene for three
different Db values: 10-1%, 3x10-"%, and 1 x10-*! m? 5.

D, (m?st) | my, Py, Alogc” Py, Py, Pop; Py, Peryvoc
1x10-10 3.513 0.989 1.630 0.001 0.704 0.260 0.001 0.034
3x10-1° 3.673 0.976 1.679 0.001 0.719 0.246 0.001 0.034
1x102! 2.753 0.000 6.936 0.001 0.024 0.941 0.001 0.034
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Figure S.1: Normalized, c*-resolved contributions to SOA over time for simulations performed at (a) low
NOy and (b) high NOy conditions. These results are from the same simulations shown in Figure 1. Lower-
volatility species seem to contribute more strongly to the SOA under the low NOy case compared to the
high NOy case during the early parts of the experiment.
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Figure S.2: simpleSOM predictions of SOA mass concentration and SOA O:C ratio compared to
measurements for (a) low and (b) high NOy photooxidation experiments performed on a-pinene. Model
predictions based on fits to the SOA mass concentration and O:C are shown in solid red while those for
simulations using the base fit parameters but with heterogeneous chemistry included are shown in solid
blue. The fit parameters for the respective NOy conditions are listed at the bottom of the figure.
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Figure S.3: Same as Figure 3 but for a high NOy experiment. simpleSOM predictions of (a) SOA mass
concentration and (c¢) SOA O:C ratio based on fits to the observations compared to measurements for a
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low NOy photooxidation experiment performed on a-pinene for different target end-of-experiment
oligomer fractions. simpleSOM predictions of (b) SOA mass yields and (d) SOA O:C ratio from

atmospheric simulations performed under low NOy conditions. Predictions of total SOA mass are shown
in solid lines and the oligomer mass are shown in dashed lines.



46
47

48
49
50
51
52
53
54

(a)

(b)

100
— SOA (fo/,'g = 0%)

SOA (foiig = 20%)

o 80 Olig. (foig = 20%)

1S e SOA (fjig = 50%)

gj = = 0lig. (g = 50%)

‘J 60 | === SOA (f,j; = 802

8 == = 0lig. (foiig

O O Measure

9 40

g — =
< -~

8 20 -

% Measured Yield
¢ VBSYield @ 10 ug m~3

Atmospheric Yield

S O A

% Measured O:C

0.4

2

0 2 4 6 8 10 12
Elapsed Time (hrs)

Figure S.4: Same as Figure 3 but for a kyvalue of 10 cm3 molecules™ s7!. simpleSOM predictions of (a)
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SOA mass concentration and (c) SOA O:C ratio based on fits to the observations compared to

measurements for a low NOyx photooxidation experiment performed on a-pinene for different target end-
of-experiment oligomer fractions. simpleSOM predictions of (b) SOA mass yields and (d) SOA O:C ratio
from atmospheric simulations performed under low NOyx conditions. Predictions of total SOA mass are

shown in solid lines and the oligomer mass are shown in dashed lines.
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Figure S.5: Same as Figure 3 but for a kyvalue of 103 cm3 molecules™ s7!. simpleSOM predictions of (a)
SOA mass concentration and (c) SOA O:C ratio based on fits to the observations compared to
measurements for a low NOyx photooxidation experiment performed on a-pinene for different target end-
of-experiment oligomer fractions. simpleSOM predictions of (b) SOA mass yields and (d) SOA O:C ratio
from atmospheric simulations performed under low NOy conditions. Predictions of total SOA mass are
shown in solid lines and the oligomer mass are shown in dashed lines.
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