Supporting Information for

A Modeling Study of Global Distribution and Formation Pathways of

Highly Oxygenated Organic Molecules (HOMs) from Monoterpenes

Xinyue Shao!?, Yaman Liu'?, Xinyi Dong!?, Minghuai Wang'?, Ruochong Xu*°, Joel A.
Thornton®, Duseong S. Jo®, Man Yue®, Wenxiang Shen', Manish Shrivastava’, Stephen R.
Arnold?, and Ken S. Carslaw?®

'School of Atmospheric Science, Nanjing University, Nanjing, China

?Joint International Research Laboratory of Atmospheric and Earth System Sciences & Institute for
Climate and Global Change Research, Nanjing University, China

3Zhejiang Institute of Meteorological Sciences, Hangzhou, China

*Department of Earth System Science, Ministry of Education Key Laboratory for Earth System Modeling,
Institute for Global Change Studies, Tsinghua University, Beijing, China

5Department of Atmospheric Sciences, University of Washington, Seattle, WA, USA
®Department of Earth Science Education, Seoul National University, Seoul, 08826, South Korea
"Pacific Northwest National Laboratory, Richland, Washington, USA

8School of Earth and Environment, University of Leeds, Leeds, LS2 9JT, UK

Corresponding author: Xinyi Dong (dongxy(@nju.edu.cn), Minghuai Wang
(minghuai.wang@nju.edu.cn)

Contents of this file

Text S1
Figures S1 to S6
Tables S1 to S14
Additional Supporting Information (Files uploaded separately)

Captions for Table S12


mailto:dongxy@nju.edu.cn
http://minghuai.wang@nju.edu.cn

Text S1.

The formation, photolysis, scavenging, and gas-particle partitioning processes of HOMs-SOA are detailed

introduced as follows.

1. Monoterpene oxidation

The new branching which forms RO, that can undergo autoxidation are included in the original monoterpene
+ OH\O3 reactions, as shown in Table S1 and S2. The HOMs-SOA formed by the initial oxidation between
monoterpenes and NOs radical are not considered here because the branching ratio may be very low and
remain large uncertainties (Roldin et al., 2019), although the NOs-initiated HOMs-SOA are reported and
may be significant in the nighttime (Nah et al., 2016; Yan et al., 2016). The APINO,, BPINO,, LIMONO,,
and MYRCO: are the original formed RO, that cannot form HOMSs. Here we used high branching ratios in
the generation of MT-bRO> as shown in Table S3 in Xu et al. (2022). The branching ratios of the yield of
MT-aRO: to the yield of MT-bRO: (fut-aro2/fmt-bR02) fOr the monoterpenes + OH reaction is 0.25:0.75. The
fumr-aro2/fuT-br02 fOr the monoterpenes + Os reaction is 0.92:0.08. All the branching ratios used here are
within the ranged used in the previous studies. The yields range of MT-bRO, formed by monoterpenes +
OH and monoterpenes + O3 are 0.075 ~ 0.83 (Lee et al., 2023; Piletic and Kleindienst, 2022; Pye et al.,
2019; Weber et al., 2020; Xu et al., 2019) and 0 ~ 0.22 (Ehn et al., 2014; Jokinen et al., 2015; Roldin et al.,

2019), respectively. The reaction rate constants are the same as the default monoterpenes + OH\O; reactions.

Table S1. initial oxidation between monoterpenes and OH radical

Index Reactions Reaction rate
1 APIN + OH — 0.25*APINOz + 0.75*MT-bRO2 1.34e-11*exp(410/T)
2 BPIN + OH — 0.25*BPINO:z + 0.75*MT-bROz 1.62e-11*exp(460/T)
3 LIMON + OH — 0.25*LIMONO: + 0.75*MT-bROz 3.41e-11*exp(470/T)
4 MYRC + OH — 0.25*MYRCO:z + 0.75*MT-bRO: 2.1e-10

Table S2. initial oxidation between monoterpenes and O3

Index Reactions Reaction rate
APIN+ 03 —
5 0.736*APINO: + 0.064*MT-bRO> + 0.77*OH + 0.066*TERPA20: + 1.34e-11%*
0.22*H202 + 0.044*TERPA + 0.002*TERPACID + 0.034*TERPA2 + exp(410/T)

0.17*HO2 + 0.17*CO + 0.27*CH20 + 0.054*TERPA2CO:s




BPIN + O3 —

6 0.736*BPINO:z + 0.064*MT-bRO: + 0.102*TERPK + 0.3*OH + 1.62e-11%*
0.06*TERPA2COs + 0.32*H202 + 0.038*BIGALK + 0.19*CO + exp(460/T)
0.81*CH20 +0.1 1*HMHP + 0.08*HCOOH

LIMON + O3 —

7 0.736*LIMONO: + 0.064*MT-bRO2 + 0.66*OH + 0.132*TERPF1 + 3.4le-11%*
0.33*CH3COs + 0.33*CH20 + 0.066*TERPA3COs + 0.33*H.0: + exp(470/T)
0.002*TERPACID

MYRC + O3 —
8 0.736*MYRCO: + 0.064*MT-bRO: + 0.2*TERPF2 + 0.63*OH + 2.1e-10

0.63*HO2 + 0.25*CH3COCH3 +0.39*CH20 + 0.18*HYAC

2. Autoxidation

The MT-bRO; will undergo fast intramolecular reactions. The hydrogen-atom is shifted to form an alkyl
radical where O, rapidly attaches to form a more oxidized RO; radical, which is called autoxidation. The
MT-bRO; may go through several generations of autoxidation reaction. The autoxidation reactions of MT-
bRO; are lumped into two generations as shown in Table S3, where the reaction rate is temperature-
dependent (Berndt et al., 2016; Xu et al., 2022). The activation energies are 74.1 kJ/mol which are within
in the range from previous studies (Lee et al., 2023; Moller et al., 2020; Pye et al., 2019; Roldin et al., 2019;
Schervish and Donahue, 2020; Xu et al., 2019).

Table S3. autoxidation reaction

Index Reactions Reaction rate
9 MT-bRO2 — MT-cRO: 9.8e12*exp(-8836/T)
10 MT-cRO2; —- MT-HOM-RO» 9.8e12*exp(-8836/T)

3. Self- and cross-reactions for accretion products

Due to isomers of MT-RO, and ISOP-RO,, 64 self- and cross-reactions are added (Table S4), where three
branches are considered for the products. First, the intermediate products are produced and are lumped as
Ci10-ROH and Cio-CBYL. Second, RO radicals are generated, and may produce HO, and C;o-CBYL or
decompose into smaller compounds. Half of the RO are assumed to decompose into smaller carbonyls.
Third, accretion products (SOAGac20 and SOAGac15) are produced. The branching ratios of the three
pathways above were set as 0.29:0.67:0.04, respectively (Xu et al., 2022). However, for the self- and cross-
reactions involving MT-aRO, (APINO,, BPINO,, LIMONO>, and MYRCO,) and ISOP-RO,, a small
fraction of RO radicals are possible to undergo a unimolecular H-shift to form MT-bRO>, and the branching
ratio are set to 0.05 (Xu et al., 2022). The fast reaction rate are applied here based on Table S4 in Xu et al.
(2022).



Table S4. self- and cross-reactions to form gas-phase accretion products

Index Reactions

Reaction rate

MT-aRO; + MT-aROz —»

11-20 0.893*Ci0-CBYL + 0.29*C10-ROH + 0.603*HO2 + 4.0e-11
1.34*HYDRALD + 0.067*MT-bRO2 + 0.04*SOAGac20
MT-aRO2 + MT-bRO2 —
21-24 0.96*C10-CBYL + 0.29*C10-ROH + 0.67*HO2 + 4.0e-11
1.34*HYDRALD + 0.04*SOAGac20
MT-aRO; + MT-cRO2 —
25-28 0.96*C10-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-aRO; + MT-HOM-RO; —
29-32 0.96*C10-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6¢e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-aRO: + ISOP-RO2 —
33-56 0.4465*C10-CBYL + 0.145*C10-ROH + 0.145*ROH + 0.603*HO2 + 2.0e-11
1.485*HYDRALD + 0.0335*MT-bRO2 + 0.04*SOAGac15
MT-bRO; + MT-bRO2 —
57 0.96*Ci0-CBYL + 0.29*C10-ROH + 0.67*HO2 + 4.0e-11
1.34*HYDRALD + 0.04*SOAGac20
MT-cRO; + MT-cRO2 —
58 0.96*Ci0-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6¢e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-HOM-RO; + MT-HOM-RO; —
59 0.96*Ci0-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-bRO: + MT-cRO2 —
60 0.96*Ci0-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-bRO2 + MT-HOM-RO; —
61 0.96*Ci0-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6¢e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-cRO; + MT-HOM-RO; —
62 0.96*Ci0-CBYL + 0.29*C10-ROH + 0.67*HO2 + 2.6e-10
1.34*HYDRALD + 0.04*SOAGac20
MT-bRO: + ISOP-RO; —
63-68 0.48*C10-CBYL + 0.145*C10-ROH + 0.145*ROH + 2.0e-11
0.67*HO2 + 1.485*HYDRALD + 0.04*SOAGac15
MT-cRO: + ISOP-RO2 —
69-74 0.48*C10-CBYL + 0.145*C10-ROH + 0.145*ROH + 4.0e-11
0.67*HO2 + 1.485*HYDRALD + 0.04*SOAGac15
MT-HOM-RO: + ISOP-RO2 —
75-80 0.48*C10-CBYL + 0.145*C10-ROH + 0.145*ROH + 4.0e-11

0.67*HO2 + 1.485*HYDRALD + 0.04*SOAGac15




4. MT-RO:; reactions with methylperoxy/peroxyacetyl radicals

As shown in Table S5, the reactions between original MT-RO» and CH30,/CH3COj3 are modified based on
Xu et al. (2022) to consider the branch to form MT-bRO,. The rate constants remain unchanged. When MT-
bRO,, MT-cRO,, and MT-HOM-RO, are terminated by methylperoxy/peroxyacetyl radicals, Cio-ROH, Cio-

CBYL, and some small molecules are generated. The rate constants are the same as Xu et al. (2022).

Table S5. MT-RO:; reactions with methylperoxy/peroxyacetyl radicals

Index Reactions Reaction rate
APINO: + CH3CO3 —
0.05*MT-bRO: + 0.3705*TERPA + 0.3325*TERPA3 +
0.133*TERP1OOH + 0.12*CH3COCH3 + 0.114*TERPF1 +
0.27*CH20 + HOz + CH302 + CO2
APINO: + CH302 —
0.05*MT-bRO2 + 0.83*CH20 + 0.133*TERPF1 + 0.399*TERPA +
0.19*TERPA3 + 0.1235*TERP10OOH + 0.17*CH30H +
0.1045*TERPK + 0.06*CH3COCHs + 1.16*HO»
BPINO: + CH3CO3 —
0.05*MT-bRO:> + 0.304*TERPK + 0.2565*TERPF1 +
0.3895*TERPA3 + 0.11*CH3COCH;3 + 0.65*CH20 + HOz +
CH;02 + CO2
BPINO: + CH302 —
84 0.05*MT-bRO2 + 1.4*CH20 + 0.3515*TERPF1 + 0.304*TERPK + 2e-12
1.5*HO2 + 0.08*CH3COCH;3 + 0.2945*TERPA3
LIMONO: + CH3CO3 —
85 0.05*MT-bRO2 + 0.95*TERPF1 + 2e-12%* exp(500/T)
0.56*CH20 + HO: + CH302 + CO2
LIMONO: + CH302 —
86 0.05*MT-bRO2 + 0.25*CH30H + 2e-12
0.95*TERPF1 + 1.03*CH>O + HO»
MYRCO: + CH3CO3; —
87 0.05*MT-bRO2 + 0.95*TERPF2 + HO2 + 2e-12%* exp(500/T)
0.46*CH3COCH; + 0.42*CH>0 + CH30: + CO»
MYRCO: + CH302 —
88 0.05*MT-bRO2 + 0.25*CH30H + 2e-12
0.95*TERPF2 + 0.75*CH>0O + HO»
MT-bRO2 \ MT-cRO2 \ MT-HOM-RO:> + CH302 —
89-91 0.15*CH30H + 0.85*CH20 + 1.4*HO2 + 0.7*HYDRALD + 3.56e-14* exp(708/T)
0.7*CHsCOCH3 + 0.15*C10-ROH + 0.15*C10-CBYL
MT-bRO2 \ MT-cRO2 \ MT-HOM-RO:> + CH3CO3 —
92-94 0.7*CH302 + 0.7*HO> + 0.7*HYDRALD + 0.7*CH3COCH3 + 7.4e-13%* exp(765/T)
0.3*CH3COOH + 0.15*C10-ROH + 0.15*C10-CBYL

81 2e-12* exp(500/T)

82 2e-12

83 2e-12* exp(500/T)

5. MT-RO; reactions with NO/NOs

As shown in Table S6, the reactions between original MT-aRO, and NO/NOs are modified based on Xu et
al. (2022) to consider the branch to form MT-bRO,. The rate constants remain unchanged. The MT-
bRO>\MT-cRO; + NO reactions are similar as the default MT-aRO; + NO reactions. The MT-bRO,\MT-
cRO; + NO3\HO; reactions are based on Xu et al. (2022).



Table S6. MT-RO; reactions with NO/NO;

Index

Reactions

Reaction rate

95

APINO:2 + NO —
0.05*MT-bRO2 + 0.0095*TERPHFN + 0.019*TERPNS1 +
0.095*TERPNS + 0.0475*TERPNT + 0.0475*TERPNT1 +
0.77*NO2 + 0.77*HO2 + 0.285*TERPA + 0.2565*TERPA3 +
0.09*CH3COCHs + 0.0855*TERPF1 + 0.21*CH-0 +
0.1045*TERP100OH

2.7e-12*exp(360/T)

96

APINO; + NO3; —
0.05*MT-bROz2 + NO2 + HOz + 0.3705*TERPA +
0.3325*TERPA3 + 0.12*CH3COCHs + 0.114*TERPF1 +
0.27*CH20 + 0.133*TERP10OH

2.3e-12

97

BPINO2 +NO —
0.05*MT-bRO:z + 0.08*CH3COCH3 + 0.49*CH20 +
0.19*TERPF1 + 0.228*TERPK + 0.038*TERPNS1 +
0.019*TERPNS + 0.057*TERPNT + 0.1235*TERPNT1 +
0.2945*TERPA3 + 0.75*HO: + 0.75*NOz

2.7e-12*exp(360/T)

98

BPINO:2 + NO3 —
0.05*MT-bRO:2 + 0.11*CH3COCH3 + 0.65*CH20 +
0.2565*TERPF1 + 0.304*TERPK +
0.3895*TERPA3 + HO2 + NO:

2.3e-12

99

LIMONO:2 + NO —
0.05*MT-bRO2 + 0.1615*TERPNT1 + 0.057*TERPNS1 +
0.77*NO2 + 0.7315*TERPF1 + 0.77*HO2 + 0.43*CH-20

2.7e-12*exp(360/T)

100

LIMONO2 + NO3 —
0.05*MT-bRO: + NO: + 0.95*TERPF1 + HO: + 0.56*CH>

2.3e-12

101

MYRCO: + NO —
0.05*MT-bRO2 + 0.095*TERPNS1 +
0.1805*TERPNT1 + 0.71*NOz + 0.6745*TERPF2 +
0.33*CH3COCHs + 0.3*CH20 + 0.71*HO»

2.7e-12*exp(360/T)

102

MYRCO: + NO3 —
0.05*MT-bRO2 + NO:z + 0.95*TERPF2 +
0.46*CH3COCH;s + 0.42*CH20 + HO»

2.3e-12

103-104

MT-bRO>2\MT-cRO2 + NO —
0.01*TERPHFN + 0.02*TERPNS1 +
0.1*TERPNS + 0.05*TERPNT + 0.05*TERPNT1 + 0.77*NO:
+0.77*HO:2 + 0.3*TERPA + 0.27*TERPA3 +
0.09*CH3COCH;3 + 0.09*TERPF1 + 0.21*CH20 +
0.11*TERP10OOH

2.7e-12*exp(360/T)

105

MT-bRO:2+ NO; —
HO2 + NO2 + 0.3*C10-CBYL + 0.7*HYDRALD + 0.7*ROH

1.2e-12

106

MT-cRO:2 + NO3 —
HO2 + NO2 + 0.75*C10-CBYL + 0.25*MT-HOM-RO>

1.2e-12

107-108

MT-bRO2\MT-cROz2 + HO2 —
0.06*CH3COCHs + 0.06*TERPF1 + 0.08*CH-0 +
0.25*TERP1OOH + 0.48*HO: + 0.4*TERPOOH +
0.29*TERPA + 0.35*OH

2.6e-13*exp(1300/T)

6. Cio HOMs formation
When MT-HOM-RO; are oxidized by HO,\NO\NOs, three kinds of gas-phase Cio HOMs are formed: two
kinds of Cio non-nitrate HOMs (SOAGhma and SOAGhmb) and C, nitrate HOMs (SOAGhmn), as shown
in Table S7. The rate constants are the same as MT-RO, + HO,\NO\NOs reactions in Xu et al. (2022).



Table S7. Cio HOMs formation

Index Reactions Reaction rate
109 MT-HOM-RO; + HO2 — SOAGhma + O3 1.5e-11
110 MT-HOM-RO; + NO — 0.8*NO2 + 0.8¥*HO:2 + 0.4*SOAGhmb + 40012

0.8*HYDRALD + 0.2*SOAGhmn e
111 MT-HOM-RO: + NO3 — HO2 + NO2 + 0.5*SOAGhmb + HYDRALD 1.2e-12

7. Photolysis
Only particle-phase Cio HOMs undergo photolysis process (Table S8). The photolysis rate of Cio HOMs is
fast and set as about 1/60 of NO; photolysis rate (Xu et al., 2022).

Table S8. Photolysis of particle-phase Cio HOMs

Index reactions rate constant

soahma_al\ soahma a2\ soahmb al\ soahmb a2\ soahmn al\

12117 soahmn a2\ +hv —

0.017%jno2

8. Chemical loss of intermediate products

Three kinds of intermediate products (Cio-CBYL, C;0-ROH, and ROH) will react with OH radical (Table
S9). Among them, C1o-CBYL and C1o-ROH will be transferred into MT-RO,. The rate constant is the same
as Xu et al. (2022).

Table S9. Chemical loss of C1o-CBYL and C;,-ROH

Index Reactions Reaction rate
Ci10-CBYL + OH —
118 0.125*APINO: + 0.125*BPINO> + 0.125*MYRCO; + 4.6e-12*exp(70/T)
0.125*LIMONO: + 0.475*MT-bRO> + 0.025*MT-cRO>
C10-ROH + OH —
119 0.125*APINO: + 0.125*BPINO> + 0.125*MYRCO; + 4.6e-12*exp(70/T)
0.125*LIMONO: + 0.475*MT-bRO> + 0.025*MT-cRO>

120 ROH + OH — HO; + CHsCOCH3 4.6e-12*exp(70/T)

9. Wet and dry deposition of newly added species

All the newly added SOAG and SOA follows the same deposition processes with the original SOA and
SOAG in VBS approach. ROH and MT-RO, do not go through both wet and dry deposition processes. The
Cio-CBYL and C;o-ROH are dry and wet deposited using the same parameters as acetic acid (Xu et al.,
2022).
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Figure S1. The diurnal cycle of simulated (black solid lines) and observed (black dots) surface (a)
monoterpenes, (b) isoprene, (c) NO, (d) Os, and (e) OH radical concentrations at the Centreville site. The
ratio of the observed monoterpenes to the simulated monoterpenes (Rwvr) are shown in red dashed line.
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Figure S2. Same as Figure S1, but at the SMEAR II site.
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Figure S4. 2013 annual averaged surface (a) MTERP emissions (unit: pg/m?/s), (b) ISOP emissions (unit:
ng/m?/s), (c) NO concentration (unit: ppbv) in Control experiment.
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Table S10. 2013 annual (ANN), June-July-August (JJA), and August-September-October (ASO) average
HOMs-SOA components’ concentrations and their contributions over global, CONUS, China, AMZ,

SEUS, and SECN regions in Control experiment. ASO represents the wet season in AMZ.

Region Global CONUS China AMZ SEUS SECN

Period ANN JJA ANN JJA ANN JJA ANN ASO ANN JJA ANN JJA
Concentrations (ug/m?)
C10-NON 0.035 0.048 0.128 0.327 0.078 0.196 0.405 0.531 0.319 0.742 0.254 0.594
Ci0-ON 0.006 0.009 0.030 0.073 0.019 0.045 0.026 0.047 0.073 0.158 0.067 0.143
Cis 0.013 0.016 0.014 0.041 0.010 0.027 0.361 0.493 0.034 0.093 0.024 0.054
Cao 0.010 0.015 0.020 0.055 0.012 0.033 0.251 0.320 0.049 0.123 0.029 0.068
HOMs-SOA  0.063  0.087 0.192 0496 0.119 0301 1.044 1392 0474 1.118 0.374 0.858
Contribution of HOMs-SOA components to HOMs-SOA (%)
C10-NON 54.5 54.8 66.6 660 652  65.1 389 381 672 664 679 692
Ci10-ON 9.0 10.1 15.8 14.7 16.2 14.9 2.5 34 15.3 14.2 17.9 16.6
(Ci5 + Ca0) 36.5 35.1 17.6 19.3 185 200 587 585 17.4 19.4 14.2 14.2
Contribution of HOMs-SOA to MTSOA or SOA (%)

to MTSOA 366 376 427 433 455 413 271 27.6 403 413 41.5  46.6
to SOA 10.6 11.9 15.6 17.6 6.7 16.3 13.1 12.2 193 211 8.4 21.3
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Table S11. Mass yield of SOAG at five traditional VBS bins.

VOCs Oxidations SOAGO SOAG1 SOAG2 SOAG3 SOAG4
O3 0.0033
Isoprene
NOs 0.059024 0.025024
O3 0.0508 0.1149 0.0348 0.0554 0.1278
OH (low NOy) 0.0508 0.1149 0.0348 0.0554 0.1278
Monoterpenes
OH (high NOy) 0.0245 0.0082 0.0772 0.0332 0.13
NO5 0.17493 0.59019
O3 0.2202 0.2067 0.0653 0.1284 0.114
B-caryophyllene OH (low NOy) 0.2202 0.2067 0.0653 0.1284 0.114
surrogate
sesquiterpene OH (high NOy) 0.1279 0.1792 0.0676 0.079 0.1254
NOs 0.17493 0.59019
Glyoxal OH 1.0
OH (low NOy) 0.2381 0.1308 0.0348 0.0076 0.0113
IVOC
OH (high NOy) 0.1056 0.1026 0.0521 0.0143 0.0166
SvOC OH 0.5931 0.1534 0.0459 0.0085 0.0128
OH (low NOy) 0.0023 0.0008 0.0843 0.0443 0.1621
Benzene
OH (high NOy) 0.0097 0.0034 0.1579 0.0059 0.0536
OH (low NOy) 0.1364 0.0101 0.0763 0.2157 0.0738
Toluene
OH (high NOy) 0.0154 0.0452 0.0966 0.0073 0.238
OH (low NOy) 0.1677 0.0174 0.086 0.0512 0.1598
Xylenes
OH (high NOy) 0.0063 0.0237 0.0025 0.011 0.1185
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Table S12. Species for HOMs-SOA formation mechanism.

Species Molecular formula Description
APIN® CioHis a-pinene
BPIN® CioHis B-pinene
LIMON® CioHis Limonene
MYRC? CioHis Myrcene
APINO,® CioH1703 peroxy radical from OH +a-pinene reaction
BPINO," CioH 1703 peroxy radical from OH +f-pinene reaction
LIMONO," CioH1703 peroxy radical from OH + limonene
MYRCO," CioH1703 peroxy radical from OH + myrcene
ISOPB10," CsHoO3 OH-1-0,-2--isoprene hydroxy peroxy radical
ISOPZD10,"° CsHoO3 OH-1-0,-4-Z--isoprene hydroxy peroxy radical
ISOPZD40,"° CsHoO3 OH-4-0,-1-Z--isoprene hydroxy peroxy radical
ISOPED10,"° CsHoO3 OH-1-0,-4-E--isoprene hydroxy peroxy radical
ISOPED40,"° CsHoO3 OH-4-0,-1-E--isoprene hydroxy peroxy radical
ISOPB40," CsHoO3 OH-4-0,-3--isoprene hydroxy peroxy radical
MT-bRO,*? CioHi1604 RO, from monoterpene+0Os3/OH that can undergo autoxidation
MT-cRO,? Ci0H1606 RO, from MT-bRO, autoxidation
MT-HOM-RO,* CioH1608 RO, from MT-cRO, autoxidation
SOAGhma? CioH1409 gas-phase Cj9p HOMs product without nitrate from HO, reaction
SOAGhmb® C1oH1400 gas-phase Cjo HOMs produit2 :Zglggut nitrate from NO and NO;
SOAGhmn* CioH1409N gas-phase Cijo HOMs product with nitrate from NO reaction
SOAGacl5® CysHisO gas-phase Cis accrgggr; {)Ir{%izl;ci tﬁ)ﬁ I1{sooi)rene-derlved RO,
SOAGac20? Cr0H3208 gas-phase Cy accretion product from MT-RO; + MT-RO,
soahma,_al CoH 1400 particle-phase r(ei :)C tI;I(Sll\l/fls ;r:f;itl ::ii(t)};lo;lltol(liigrate from HO,
soahma_a2 C1oH1:00 particle-phase C 10rg(c)tli\glsl liarrlogzite:lvﬁlsélg nitrate from HO,
Cutnioy Pl G HOMs ot i it rom O
soshmb_a2 CoH 1400 particle-phase C; 1(11 g?rl\él;cgzc;dililctA vtvlllzlgglﬁl gétéate from NO and
soahmn._al C1oH1400N particle-phase Cio HCl)é\/:lsc féomdlﬁztﬁ\;)vlllt};lt(l)gzate from NO reaction
soahmn_a2 C1oH1: 05N particle-phase Cio HOMisnp/g(;gzlecI: Kll(:gemtrate from NO reaction
oo, P Clerion e o e dervd O
502220 al CaoH3:0s particle-phase Cao accrzzlé)llllnlljlrliﬁ?grtl irlc:geMT-ROZ + MT-RO; in
502ac20_a2 CaoH3,Os particle-phase Cao accretloziltjliggﬁto gr:m MT-RO; + MT-RO; in
ROH* C3HsO lumped alcohols with more than 2 carbons
Cio-CBYL? CioH1703 Carbonyl with 10 carbon atoms
Ci0-ROH? CioH1703 Alcohol with 10 carbon atoms
BIGALK CsHi2 lumped alkanes C>3
co® CcO carbon monoxide
CO,® CO; carbon dioxide
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CH,O"
CH;0,°
CH;CO;"
CH3COCH;"®
CH;COOH®
CH;OH®
HO,"
H,0,°
HCOOH"
HMHP®
HYAC®
HYDRALD"
TERP1OOH®

TERPA®
TERPACID®
TERPA2®

TERPA20,°
TERPA2CO;°
TERPA3®
TERPA3CO;°

TERPF1°

TERPF2°

TERPHFN®
TERPK®
TERPNS®
TERPNS1®
TERPNT®
TERPNTI1?

CH,O
CH;0,
CH;3COs3
CH3COCH;
CH3;COOH
CH;0H
HO,
H,0O,
HCOOH
CH403
CH3;COCH;OH
HOCH,CCH;CHCHO
CioH1303
Ci10H1602
Ci1oH1604
CoH140;
CoH1504
CoH1304
CoH1403
CoH 1305
Ci1oH1602

C7H100

CioH19NO;
CoH 140
C1oH17NO4
C1oH17NO4
C1oH17NO4
C1oH17NO4

formaldehyde
methylperoxy radical
acetylperoxy radical
acetone
acetic acid
methanol
hydroperoxyl radical
hydrogen peroxide
formic acid
hydroxy methyl hydroperoxide
hydroxyacetone
lumped unsaturated hydroxycarbonyl

terpene-derived hydroxy hydroperoxide with 1 double bond
aldehyde terpene product with no double bonds that contains a
ring like pinonaldehyde
carboxylic acid/peracid from TERPA
TERPA oxidation product with no double bonds that contains an
aldehydic group
TERPA peroxy radical 2nd step
acyl peroxy radical from TERPA2
aldehyde terpene product with no ring like limonaldehyde
acyl peroxy radical from TERPA3

functionalized terpene product with 1 double bond typically
containing carbonyl groups

functionalized terpene product with 2 double bonds typically
containing carbonyl groups

terpene highly functionalized nitrate
terpene product containing a ketone group
terpene-derived saturated secondary or primary nitrate
terpene-derived unsaturated secondary or primary nitrate
terpene-derived saturated tertiary nitrate
terpene-derived unsaturated tertiary nitrate

* Xu et al. (2022)

® Schwantes et al. (2020)
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Table S13. The Normalized Mean Bias (NMB), Correlation Coefficient (R), and Root Mean Square Error

(RMSE) values of Cio-HOMs (C1p-ON+C1o-NON) comparing two sites with observations. Site and field

campaign information can be found in Table 3.

Hyytiila site Centreville site

NMB (%) R RMSE (ng/m®) | NMB (%) R  RMSE (ng/m’)
HighOH_LowO3 77 0.65 74 119 0.87 476
LowOH_HighO3 -46 0.06 43 -25 0.41 135
Fast 96 0.66 93 141 0.87 576
Slow -21 0.17 30 23 0.39 148
No_HMB_NO 3 0.45 24 57 0.39 259
HighYield 77 0.65 74 119 0.87 476
LowYield -69 0.59 59 -62 0.86 220
LowNOx 70 0.60 67 2 0.40 111
Control 69 0.61 66 121 0.74 497
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Table S14. The global averaged value of 2013 annual mean surface HOMs-SOA (unit: pg/m3), the
contribution of HOMs-SOA to the total MTSOA and the contribution of HOMs-SOA to the total SOA
(unit: %) using different sensitivity tests (Table 2).

Experiment HOMs-SOA (ug/m*)  HOMs-SOA / Total SOA  HOMs-SOA / MTSOA

Control 0.056 11% 37%
LowYield 0.021 6% 19%
HighYield 0.066 15% 41%

HighOH_lowO3 0.056 13% 37%
LowOH_HighO3 0.031 8% 26%
Fast 0.060 14% 39%

Slow 0.041 10% 31%
no_HMB_NO 0.046 11% 33%

LowNOx 0.056 13% 37%
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