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Calibration of FIGAERO-CIMS with pinic acid

Pinic acid, as the most abundant product formed during the reaction, was utilized to characterize the sensitivity of CIMS.
Pinic acid (CoH1404, 92%, Chemspace) was dissolved into methanol to 1.77x1074, 1.77x107, and 1.77x107% g mL ™! as
standard solutions. Different volumes of the standard solutions were deposited on a PTFE filter using a syringe. The filter
was heated by FIGAREO-CIMS in ultra-high-purity nitrogen following a thermal desorption procedure. The results are
shown in Fig. S2.
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SOA density calculation

Effective density of aerosol was derived from comparing the mass distribution versus vacuum aerodynamic diameter from
AMS, and the size distribution versus mobility diameter from SMPS. Considering that these newly formed particles during
reaction were usually smaller than 70 nm, which could not be measured by AMS, the effective density calculated here relied

on the organics that partitioned to the inorganic seed particles.
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Table S1. SOA yields and reaction conditions in f-pinene ozonolysis studies.

Temperature (K) RH (%) OH scavenger Aerosol mass (ug'm=>) SOA yield (%) Reference

263-303 <0.03 none 2-284 3-39 von Hessberg et al., 2009
300 22 none 156 +3 18+1 Xu et al., 2021

293 6.3 cyclohexane 174 £3 17+1 Lee et al., 2006

306-307 - 2-butanol 11-19 4-8 Yuetal., 1999

248-298 <0.01 CO 18-25 11-19 This work
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Table S2. Tmax (°C) of all the monomers and dimers at different temperatures.

298 K 273K 248K 298 K 273K 248K 298 K 273K 248K
C8H803 75.5 54 663 Cl16H2207 115 883 83 C18H2609 115 1025 954
C8H804 115 68.1 50.5 CI6H2208 116.7 115 83 CI18H26010 116.7 99 97.2
C8H8O5 115 48.8 1253 CI6H2209 120 1043 972 CI18H26011 107.8 102.5 102.5
C8HB806 81.1 574 558 C16H22010 1184 107.8 107.8 CI8H2804 109.7 109.7 61
C8H1003 120 115 646 Cl6H2404 1132 107.8 100.8 C18H2806 91.8 93.6 883
C8H1004 62.8 439 439 Cl16H2405 115 1078 77.2 CI18H2807 1184 628 61
C8H1005 61 439 424 Cl6H2406 847 755 755 CI8H2808 1219 1132 106
C8H1006 83 592 424 CI6H2407 116.7 93.6 100.8 CI8H2809 1132 102.5 93.6
C8H1008 99 50.5 99  Cl6H2408 111.5 107.8 104.3 CI18H28011 1253 116.7 115
C8H1009 102.5 505 50.5 Cl16H2409 115 111.5 1025 CI8H3004 84.7 91.8 574
C8H10010 75,5 1184 142.8 CI16H24010 107.8 1025 772 CI18H3005 111.5 109.7 84.7
C8H1203 755 71.8 79.1 Cl6H24011 99 954 69.8 CI8H3006 104.3 109.7 88.3
C8H1204 111.5 111.5 109.7 C16H24012 109.7 1644 954 CI8H3007 106 109.7 106
C8H1205 698 365 54  Cl6H2604 106 73.6 81.1 CI8H3008 116.7 111.5 109.7
C8H1206  84.7 54 54  Cl6H2605 115 109.7 71.8 CI8H3009 107.8 100.8 954
C8H1207 81.1 574 48.8 Cl6H2606 86.6 83 73.6 CI18H30011 1219 120 115
C8H1208 71.8 954 558 Cl6H2607 106 107.8 99 CI18H30012 1184 1219 116.7
C8H1403 102.5 1025 73.6 Cl6H2608 113.2 107.8 102.5 CI18H3208 115 109.7 954
C8H1404 79.1 337 36.5 Cl16H2609 106 99 93.6 CI8H3209 109.7 115 100.8
C8H1405 71.8 628 54 CI16H26010 1132 1025 954 CI18H32010 116.7 1025 83
C8H1406 755 592 574 Cl6H26011 116.7 111.5 954 C18H32011 1219 116.7 109.7
C8H1407 73.6 1184 59.2 Cl6H26012 120 1043 180.5 C18H32012 1184 116.7 109.7
C8H1408 1184 115 1043 C16H2804 71.8 1043 84.7 CI18H3404 1043 99 77.2
C8H1603 73.6 736 663 CIl6H2805 100.8 71.8 77.2 CI8H3406 111.5 109.7 106
C8H1604  93.6 41 55.8 Cl16H2806 109.7 111.5 106 C18H3409 111.5 1132 1184
C8H1605 755 592 523 Cl6H2807 106 113.2 954 C18H34010 115 107.8 954
C8H1606 663 69.8 1953 C16H2808 107.8 102.5 100.8 C18H34011 113.2 1132 99
C8H1607 116.7 73.6 68.1 Cl16H28011 1184 106 102.5 CI18H3609 113.2 111.5 102.5
C9H80O4 54 2004 1237 C16H3004 90 109.7 62.8 C19H2407 1184 115 100.8
C9H8O5  116.7 50.5 86.6 C16H3005 116.7 77.2 99  CI9H2408 116.7 1184 170.9
CI9HBO6 115 91.8 558 CI6H3008 1043 111.5 93.6 C19H24010 115 106 48.8
CO9H8O7 1184 1132 1219 Cl6H30010 116.7 116.7 91.8 CI9H24011 120 115 106
CY9H1004 1253 505 200 Cl16H30012 120 111.5 111.5 CI19H2605 1043 99 95.4
COH1005 1444 151.1 99  Cl6H3207 847 646 574 CI9H2608 1132 115 772
CY9H1006 100.8 574 71.8 C17H2205 106  81.1 100.8 CI19H2609 116.7 954 109.7
C9H1007 772 772 558 CI17H2206 73.6 772 86.6 CI19H26011 115 100.8 86.6
CY9H1008  79.1 592 54  C17H2207 1184 93.6 99  CI9H2804 106 106 62.8
CY9H1009 81.1 73.6 1025 C17H2208 111.5 99 52.3 CI9H2806 972 954 883
C9H10010 93.6 107.8 179.1 C17H2209 109.7 102.5 1025 CI19H2807 116.7 1025 79.1
C9H1203 115 68.1 61 C17H2404 1025 972 698 CI9H2808 102.5 100.8 91.8
C9H1204 1184 100.8 62.8 C17H2405 1132 111.5 71.8 CI19H2809 115 109.7 883
CY9H1205 79.1 79.1 558 C17H2406 1132 111.5 59.2 CI19H28010 106 91.8 109.7
C9H1206 93.6 91.8 772 CI17H2407 115 107.8 107.8 CI9H3004 1025 772 628
C9H1207 81.1 574 558 CI17H2408 116.7 592 558 CI9H3005 111.5 69.8 69.8
C9H1208 954 736 73.6 CI17H2409 116.7 107.8 1043 CI9H3006 93.6 663 755
CO9H1209 104.3 1253 1253 C17H24010 113.2 102.5 84.7 CI9H3007 883 883 84.7
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40 Table S3. The molar yields of HCHO and nopinone in f§-pinene ozonolysis studies.

Temperature (K) OH scavenger RH (%) HCHO Nopinone Reference

296+2 cyclohexane dry 0.65+0.04 0.16+0.04 Winterhalter et al., 2000
293 cyclohexane 6.3 0.65+0.06 0.17+0.02 Lee et al., 2006

29544 cyclohexane dry - 0.16+0.03 Ma and Marston, 2008
306-307 2-butanol - - 0.16-0.17 Yuetal., 1999

248-298 CO <0.01 0.63+0.06 0.16+0.02 This study
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Table S4. Updates to the formation of B-pinene-derived Criegee intermediates suggested for MCM v3.3.1.

No. Modified reaction Branching ratio ~ Updated branching  Reference
in MCM ratio

1 BPINENE + O3—>NOPINONE + CH200F  0.40 0.20 Ma and Marston, 2008;
Nguyen et al., 2009;
This work

2 BPINENE + O3—>NOPINOOA + HCHO 0.60 0.80 Ma and Marston, 2008;
Nguyen et al., 2009;
This work

3 CH200F—>CH200 0.37 0.50 Ahrens et al., 2014;
Winterhalter et al., 2000;
Zhang and Zhang, 2005

4 CH200F—>HO2+CO+0OH 0.13 0.30 Atkinson et al., 1992;
Nguyen et al., 2009

5 CH200F—>CO 0.50 0.20 This work

6 NOPINOOA—>NOPINOO 0.17 0.40 Ahrens et al., 2014;
Winterhalter et al., 2000;
Zhang and Zhang, 2005

7 NOPINOOA—>NOPINDO2 + OH 0.50 0.30 Atkinson et al., 1992;
Nguyen et al., 2009

8 NOPINOOA—>CSBC 0.33 0.30 This work
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115 Figure S9. The averaged CIMS gas-phase mass spectra for all temperatures at different [HO]/[RO;] (Signals are normalized to
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Figure S11. Mass defect plots of gas-phase dimers at different temperatures. Markers are sized by the square root of their signals
and colored by the ratio of signals at middle and high [HO;]/[RO;] versus signals at low [HO;]/[RO;] at each temperature (Exp.
298bc, 273bc, 248bc).
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Figure S12. Mass defect plots of gas-phase dimers at different temperatures at low [HO,]/[RO;]. Markers are sized by the square
root of their signals and colored by the ratio of signals with or without FA versus signals without FA at each temperature (Exp.
298ad, 273ad, 248ad).
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Figure S13. The particle-phase signals of (A) Cis (B) Ci7 (C) Cis (D) Cy9 dimers normalized to the peak intensity under different
experimental conditions.
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Figure S14. The correlation between gas-phase dimers and monomers at different temperatures (Exp. 298a, 273a, 248a). Solid
145 lines are linear fit with R? larger than 0.9.
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Figure S16. Thermograms of abundant monomers (CsHi2Os and CoHi404) and dimers (Ci7H260s and C;sH2304), i.e., the

normalized signals versus desorption temperature.
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Figure S17. Sum thermograms at different temperatures with different [HO,]/[RO;] and SCIs conditions (Exp. 298acd, 273acd,

248acd).

I
100

I L
50 100 150

Desorption temperature (°C)

26

200

I
50 100




165

T
£ | & HCHO_L L
; 2.5, HCHO M (A) 298 K 25 (B) 273 K
3 4 HCHO_H
€ , Lo Nopinone_L 20k
1S o Nopinone_M
5 o Nopinone_H
x 15 1.5 o
p L5
= ¢
2 10 101
Q
5] .
z (S
2 05 05 %0
& L
% 0.0 - 0.0 ! L L I
T o 1 2 3 4 0 1 2 8 4

Reacted B-pinene (x1011 molecule cm_s)

Figure S18. The formation of formaldehyde (HCHO) and nopinone as a function of f-pinene reacted at 298 K, 273 K, and 248 K
for different [HO:]/[RO2] (Exp. 298abc, 273abc, 248abc). The lines represent linear fits and R? values are larger than 0.95.
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Figure S19. Simulated RO; concentration as a function of reaction time for different [HO;]/[RO;] and temperatures (Exp. 298abc,
273abc, 248abc).
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Figure S20. Time series of nopinone concentration at different temperatures (Exp. 298a, 273a, 248a).
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Figure S21. The impact of [HO,]/[RO;] on the gas-phase concentrations of CoH;404 at (A) 298 K (B) 273 K (C) 248 K after wall
185  loss correction (Exp. 298abc, 273abc, 248abc).
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