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 S1 

Chemicals used in this study 

This study used the following: R-(+)-Limonene (Sigma-Aldrich, ≥ 99.0 %), 2-butanol (Sigma-

Aldrich, ≥ 99.5 %), acetic acid (Sigma-Aldrich, ≥ 99.7%), ultrapure water (18MΩ, Millipore), N2 

(≥ 99.999 %, Beijing Haikeyuanchuang Practical Gas Company Limited, Beijing, China), O2 (≥ 

99.999 %, Beijing Haikeyuanchuang Practical Gas Company Limited, Beijing, China). 

The wall loss fraction of SOA mass concentration 

The wall loss fraction of SOA mass concentration is calculated as Eq. (S1): 

																																													𝐹#$%%	%&'' = ([𝐼𝑛] − [𝑂𝑢𝑡]) [𝐼𝑛]⁄ 																																										(𝑆1) 

where Fwall loss is the wall loss fraction of SOA mass concentration, [In] and [Out] are the SOA mass 

concentrations at the inlet and outlet of the reactor. Wall loss fractions at different relative humidity 

(RH) are shown in Table S1. 

The formation and measurement of H2O2 

When we estimated the yield of SCII in limonene ozonolysis, the formation of gas-phase H2O2 was 

measured, which was elaborated in our previous study (Gong et al., 2018). For the detection of gas-

phase H2O2, the gas samples passing through the PTFE filter were collected in a glass coil collector 

at a temperature of 4 ℃ with H3PO4 solution (pH 3.5) serving as the rinsing solution. After the 

collection, solutions containing peroxides were analyzed by HPLC (Agilent 1100, USA) coupled 

with post-column derivatization and fluorescence detection online. Peroxides separated by column 

chromatography reacted with p-hydroxyphenylacetic acid (POPHA) to form POPHA dimers under 

the catalysis of hemin, and then the dimers were quantified using a fluorescence detector. With the 

increase of RH, it was observed that the yield of H2O2 increased significantly from dry conditions 

to 70% RH, and the H2O2 yield approached the limiting value above 70% RH, suggesting that 

reaction with water suppressed other reactions of SCII. In the exo-DB oxidation, the formation of 

hydroxymethyl hydroperoxide was also taken into consideration. Through the box model simulation, 

the contribution of HO2 self-reaction to H2O2 formation was estimated to be limited. As for the 

reaction of SCIs with water, the products α-hydroxyalkyl hydroperoxides were reported to be 

preferential to decompose and generate H2O2 (Chen et al, 2016; Kumar et al, 2014). Although 
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theoretical calculations indicated that the decomposition of α-hydroxyalkyl hydroperoxides was 

slow, some studies proved that water and acids could significantly catalyze the process (Anglada et 

al., 2002, 2011; Aplincourt and Anglada, 2003; Crehuet et al., 2001), and H2O2 formation occurred 

rapidly (Chen et al., 2016; Winterhalter et al., 2000). In addition, few α-hydroxyalkyl 

hydroperoxides larger than hydroxymethyl hydroperoxide were identified in gas phase, and the 

decomposition of α-hydroxyalkyl hydroperoxides was speculated to be totally completed. 

The generation of H2O2 from aerosols in aqueous phase, which is mainly due to the decomposition 

of some compounds, has received attentions in recent years (Wang et al., 2011; Zhao et al., 2018). 

Here only the gas-phase H2O2 was detected to estimate the yield of SCII, while it was still needed 

to analyze whether the formation of H2O2 in SOA could impact the results. Zhao et al. (2018) 

reported the aqueous decomposition rate coefficients of α-acyloxyalkyl hydroperoxides, whose 

lifetime was estimated to be about 24 min in liquid aerosols. As the reaction time in flow tube 

reactors was around 4 min, the H2O2 formation from aerosols was not considered to contribute much 

to gas-phase H2O2. In addition, it was found that the dependence of H2O2 yield on RH could be well 

simulated with the gas-phase mechanisms, confirming that the particle-phase formation of H2O2 did 

not make obvious impact on the results. 

Calculating the amount of SCIs consumed by water 

Here the amount of SCIs consumed by water could not be derived directly, and it was calculated 

through the reaction rate ratio of SCIs reaction with water and AA as Eqs. (S2) and (S3): 

																																									
𝑆𝐶𝐼789
𝑆𝐶𝐼::

=
𝑘(<=>?789)@ ∙ [𝐻8𝑂] ∙ 𝑆𝐶𝐼@
𝑘(<=>?::) ∙ [𝐴𝐴] ∙ 𝑆𝐶𝐼D&E$%

																																							(𝑆2) 

																																				𝑆𝐶𝐼789 =
𝑘(<=>?789)@ ∙ [𝐻8𝑂] ∙ 0.545

𝑘(<=>?::) ∙ [𝐴𝐴]
∙ 𝛥𝐴𝐴																																(𝑆3) 

where SCIH2O (molecule cm−3) is the amount of SCIs reacted with H2O; SCIAA (molecule cm−3) is 

the amount of SCIs reacted with AA; k(SCI+H2O)I (cm3 molecule−1 s−1) is the rate constant of SCII 

reaction with H2O; k(SCI+AA) (cm3 molecule−1 s−1) is the rate constant of SCIs reaction with AA; 

[H2O] (molecule cm−3) is the concentration of H2O; [AA] (molecule cm−3) is the concentration of 

AA; SCII (molecule cm−3) is the amount of SCII generated; SCITotal (molecule cm−3) is the amount 

of total SCIs generated; ΔAA (molecule cm−3) is the amount of AA consumed. 
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SCII reaction with H2O and (H2O)2 

To acquire the reaction rate ratio of SCIs reaction with water and AA, it should be figured out 

whether the reaction with H2O or (H2O)2 dominants in SCII reaction with water. This problem was 

discussed by estimating the generation of H2O2, which is a major product formed from SCII reaction 

with water (Hasson et al., 2001; Winterhalter et al., 2000). The dependence of H2O2 yield on RH 

reported in our previous study is shown in Fig. S2 (Gong et al., 2018), we estimated the formation 

of H2O2 based on SCII reaction with H2O and SCII reaction with (H2O)2, respectively. The inferred 

relationships between H2O2 and the concentrations of H2O and (H2O)2 are shown as Eqs. (S4)–(S7): 

																											
𝑆𝐶𝐼789
𝑆𝐶𝐼@

=
𝛥𝐻8𝑂8
𝑆𝐶𝐼@

=
𝑘(<=>?789)@ ∙ [𝐻8𝑂]

𝑘(<=>?789)@ ∙ [𝐻8𝑂] + 𝑘(&ENOP)@
																										(𝑆4) 

																																								𝛥𝐻8𝑂8 =
1

1 +
𝑘(&ENOP)@

𝑘(<=>?789)@ ∙ [𝐻8𝑂]

∙ 𝑆𝐶𝐼@																																			(𝑆5) 

																			
𝑆𝐶𝐼(789)8
𝑆𝐶𝐼@

=
𝛥𝐻8𝑂8
𝑆𝐶𝐼@

=
𝑘(<=>?(789)8)@ ∙ [(𝐻8𝑂)8]

𝑘(<=>?(789)8)@ ∙ [(𝐻8𝑂)8] + 𝑘(&ENOP)@
																			(𝑆6) 

																														𝛥𝐻8𝑂8 =
1

1 +
𝑘(&ENOP)@

𝑘(<=>?(789)8)@ ∙ [(𝐻8𝑂)8]

∙ 𝑆𝐶𝐼𝑠@																																(𝑆7) 

where SCIH2O (molecule cm−3) is the amount of SCIs reacted with H2O; SCII (molecule cm−3) is the 

amount of SCII generated; ΔH2O2 (molecule cm−3) is the amount of H2O2 generated; [H2O] 

(molecule cm−3) is the concentration of H2O; [(H2O)2] (molecule cm−3) is the concentration of 

(H2O)2; k(SCI+H2O)I (cm3 molecule−1 s−1) is the rate constant of SCII reaction with H2O; k(SCI+(H2O)2)I 

(cm3 molecule−1 s−1) is the rate constant of SCII reaction with (H2O)2; k(other)I = k(isomerization)I + 

k(SCI+products)I · [products], meaning that k(other)I accounts for the sum of SCII isomerization and 

reaction with other products in the system. In Fig. S2, the red line represents the estimated yield of 

H2O2 based on SCII reaction with H2O when k(SCI+H2O)I is set as 5 × 10−16 cm3 molecule−1 s−1 and 

k(other)I is 30 s−1; the green line represents the estimated yield of H2O2 based on SCII reaction with 

(H2O)2 when k(SCI+(H2O)2)I is set as 1 × 10−12 cm3 molecule−1 s−1 and k(other)I is 30 s−1. The estimation 

based on SCII reaction with H2O showed a better fitting with the measured results and k(SCI+H2O)I 

was used to calculate the amount of SCIs reacted with water. 
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Calculating the amount of exocyclic double bonds (exo-DB) ozonated in bulk phase 

Here the second-generation oxidation at 80% RH was analyzed. Results showed that at 80% RH the 

amount of exo-DB ozonated was ~ 15 ppbv larger than that under dry condition. Assuming that 

particles at 80% RH were liquid and exo-DB were ozonated in bulk phase, the amount of exo-DB 

ozonated in bulk phase could be calculated according to Eq. (S8): 

																																				ΔU𝐷𝐵($X)Y = 𝑘($X) ∙ Z𝑂[($X)\ ∙ U𝐷𝐵($X)Y ∙ 𝑡																																			(𝑆8) 

where Δ[DB(aq)] (mol L−1) is the amount of exo-DB ozonated in bulk phase; k(aq) (L mol−1 s−1) is the 

rate constant of exo-DB ozonated in bulk phase; [O3(aq)] (mol L−1) is the concentration of O3 in bulk 

phase; [DB(aq)] (mol L−1) is the concentration of exo-DB in bulk phase; t (s) is the reaction time. 

During the reaction, although bulk-phase exo-DB and O3 were consumed, gas-phase O3 and SVOCs 

containing exo-DB would constantly enter bulk phase, and it was hypothesized that both of [O3(aq)] 

and [DB(aq)] could maintain stable during reaction. Based on measurement results, the average SOA 

mass concentration in the second-generation oxidation was around 50 μg m−3, and Δ[DB(aq)] was 

derived to be 15.94 mol L−1. [O3(aq)] was calculated through Henry’s law as Eq. (S9): 

																																																													𝐻9[ =
Z𝑂[($X)\
𝑃9[

																																																										(𝑆9) 

where HO3 (mol L−1 Pa−1) is the Henry’s law constant of O3, which is 9.28 × 10–8 mol L−1 Pa−1 at 

298 K (Sander, 2015); PO3 (Pa) is the partial pressure of O3 in the gas phase. It was calculated that 

[O3(aq)] was 1.10 × 10–7 mol L−1, and the rate constant of unsaturated first-generation oxidation 

products ozonated in aqueous phase was reported to be about 4.0 × 104 L mol−1 s−1(Witkowski et 

al., 2018a, b), according to which [DB(aq)] was derived to be 15.09 mol L−1. Assuming that the 

molecular weight of unsaturated first-generation products was 200 g mol−1, the density of those 

particulate unsaturated compounds was 3.02 g cm−3, which was even larger than the aerosol density 

of 1.30 g cm−3, suggesting that bulk-phase ozonolysis was not able to explain the large amount of 

exo-DB ozonated under high-humidity conditions. 
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Estimating the uptake coefficient of unsaturated first-generation products on aqueous 

aerosols 

Here the second-generation oxidation at 80% RH was analyzed. The uptake coefficient of 

unsaturated first-generation products can be estimated when simplifying the heterogeneous reaction 

as a pseudo-first-order reaction using Eq. (S10) (Ravishankara, 1997): 

																																																																		𝛾 =
4𝑘
𝜔𝐴																																																																(𝑆10) 

where γ is the uptake coefficient of unsaturated products; k (s−1) is the rate constant of pseudo-first-

order reaction; ω (m s−1) is the mean molecular velocity; A (m2 m−3) is the total surface area 

concentration of particles. ω is calculated using Eq. (S11): 

																																																																𝜔 = b
8𝑅𝑇
𝜋𝑀g

																																																											(𝑆11) 

where R (J mol−1 K−1) is the gas constant; T (K) is the absolute temperature; Mx (kg mol−1) is the 

molar weight of unsaturated first-generation products, which is assumed to be 0.2 kg mol−1 and ω 

is derived as 178 m s−1. During the second-generation oxidation the amount of exo-DB ozonated 

through heterogeneous reaction at 80% RH was around 15 ppbv, and since the heterogeneous 

reaction process here was treated as a pseudo-first-order reaction, k could be calculated through Eq. 

(S12): 

																																																Δ[𝐷𝐵] = 𝑘 ∙ [𝑂[] ∙ 𝑡																																																											(𝑆12) 

where Δ[DB] (molecule cm–3) is the amount of exo-DB ozonated through heterogeneous reaction; 

[O3] (molecule cm–3) is the concentration of O3; t (s) is the reaction time. O3 concentration in the 

second-generation oxidation was 11.9 ppmv and the reaction time was 240 s, so k was calculated to 

be 5.25 × 10–6 s−1. The surface area concentration of aerosols in the second-generation oxidation 

was estimated to be ~ 4 × 10–5 m2 m−3, and γ was derived to be 2.95 × 10–3. 

SOA formation in the first-generation oxidation 

Growth curves of SOA mass concentration and SOA yield in the first-generation oxidation are 

shown in Fig. S4. It is noted that the SOA growth curve at certain RH is similar to the curve at the 



 S6 

adjacent RH, and for instance, SOA growth curves of 10% and 20% RH are similar with each other. 

The same situation is observed between conditions of 30% and 40% RH, and SOA growth above 

60% RH seems unchanged with RH increasing. To better identify SOA growth curves at different 

RH in the picture, conditions of < 0.5%, 10%, 30%, 50%, 70%, and 90% RH are chosen to show. 

Estimating the amount of SCIs scavenged by excess AA 

When adding excess AA (10.0 ± 0.4 ppmv) into the reaction system, the amount of SCIs consumed 

by AA could be estimated as Eq. (S13): 

																																			
𝑆𝐶𝐼::
𝑆𝐶𝐼 =

𝑘(<=>?::) ∙ [𝐴𝐴]
𝑘(<=>?789) ∙ [𝐻8𝑂] + 𝑘(&ENOP)

																																			(𝑆13) 

where SCIAA (molecule cm−3) is the amount of SCIs reacted with AA; SCI (molecule cm−3) is the 

amount of SCI generated; [AA] (molecule cm−3) is the concentration of AA; [H2O] (molecule cm−3) 

is the concentration of H2O; k(SCI+AA) (cm3 molecule−1 s−1) is the rate constant of SCI reaction with 

AA; k(SCI+H2O) (cm3 molecule−1 s−1) is the rate constant of SCI reaction with H2O; k(other) = 

k(isomerization)I + k(SCI+products) · [products], meaning that k(other) accounts for the sum of SCI 

isomerization and reaction with other products in the system. Using the parameters derived in the 

study, reactions of SCII and SCIII were both considered and it was calculated that even under 90% 

RH the concentration of AA used was sufficient for scavenging more than 99% of SCIs generated 

during reactions. 

The fraction of SCIs converting into SOA (αSCI) 

The slope of the fitting line of SOA versus SCIs represents the amount of SOA contributed by per 

unit concentration of SCIs, which is denoted as SOAperSCI. When taking the average of the slopes in 

the first- and second-generation oxidations, SOAperSCI under dry and low-humidity conditions was 

calculated to be 1.39 μg m–3, and under high-humidity conditions SOAperSCI was 2.46 μg m–3. In 

theory, if all SCIs could convert into SOA by producing low-volatile products, of which the molar 

mass was assumed to be 200 g mol–1, it was estimated that SOAperSCI was 8.17 μg m–3. As the molar 

mass of products formed from monoterpene-derived SCIs was expected to be large (Lee and 

Kamens, 2005), SOAperSCI was calculated to be 12.26 μg m–3 when assuming the molar mass of the 
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products was 300 g mol-1. It was derived that under dry and low-humidity conditions αSCI was 11–

17% and under high-humidity conditions αSCI was 20–30%. 

The amount of SOA formed from SCIs reaction could be estimated as Eqs. (S14) and (S15) when 

assuming the molar weight of low-volatile products formed from SCIs is 300 g mol-1: 

																																								𝑆𝑂𝐴<=> = 𝛼<=> ∙ 𝑆𝐶𝐼 ∙
1
𝑁:

∙ 3 × 10kl																																		(𝑆14) 

																																								𝑆𝑂𝐴<=> = 5 × 10mkn𝛼<=> ∙ 𝑆𝐶𝐼																																											(𝑆15) 

where SOASCI (μg m–3) is the mass concentration of SOA formed from SCIs reaction; SCI (molecule 

cm-3) is the amount of SCIs in reaction system; αSCI is the conversion rate of SCIs that are valid for 

SOA formation; NA (6.02 × 1023 molecule mol-1) is the Avogadro constant. When water exists, SCI 

at different RH could be calculated as Eqs. (S16) and (S17): 

																														𝑆𝐶𝐼 = 𝑆𝐶𝐼D&E$% −
1

1 +
𝑘(&ENOP)@

𝑘(<=>'?789)@ ∙ [𝐻8𝑂]

∙ 𝑆𝐶𝐼@																							(𝑆16) 

																																									𝑆𝐶𝐼 = 𝑆𝐶𝐼D&E$% −
𝑅𝐻

𝑅𝐻 + 7.8 ∙ 𝑆𝐶𝐼@																																										(𝑆17) 

where RH (%) is the relative humidity. 

Experiments with cyclohexane as OH scavenger 

Part of SCIs might react with 2-butanol, producing α-alkoxyalkyl-hydroperoxides and contributing 

to the observed SOA, especially when using low concentrations of AA and water. To figure out 

whether the SOA formation potentials of SCIs estimated here were higher than those under the 

situation without 2-butanol, the experiments with cyclohexane as OH scavenger were carried out. 

Here three representative conditions: dry conditions, 40% RH (representing low-humidity 

conditions) and 80% RH (representing high-humidity conditions), were analyzed in the endo-DB 

ozonolysis. The abilities of 2-butanol and cyclohexane on scavenging OH radicals were similar 

(Chew and Atkinson, 1996), however, the use of different OH scavengers brought different impacts 

on the reaction system. When 2-butanol was used, higher [HO2]/[RO2] was observed, which was 

thought to be more similar to the atmospheric conditions, while adding cyclohexane resulted in a 

lower [HO2]/[RO2] (Docherty and Ziemann, 2003; Jonsson et al., 2008). In view of this, this study 
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chose 2-butanol as OH scavenger, while the use of cyclohexane could provide a contrast to help us 

better understand the mechanisms in the reaction system. 

In the experiments with cyclohexane, the concentrations of limonene and O3 were about 90 ppbv 

and 270 ppbv, and the reaction time was 240 s. Around 400 ppmv of cyclohexane was added to 

scavenge OH radicals. With the addition of cyclohexane, the SOA yields were found to be lower 

than those with the addition of 2-butanol, suggesting that higher concentration of HO2 radicals 

promoted aerosols formation (Keywood et al., 2004). Through adding different concentrations of 

AA (24–480 ppbv), the amount of SCIs in the reaction system was regulated and calculated as 

elaborated in Sect. 3.1, and the dependence of SOA mass concentration on the amount of SCIs was 

shown in Fig. S8. The SCIs reactions still accounted for more than 60% in SOA formation and 

according to the fitting results, the SOA formation potentials of SCIs under the use of cyclohexane 

were even a bit larger than those under the use of 2-butanol, and the deviations were within 12%. 

This phenomenon was speculated to be due to the higher concentration of RO2 radicals when using 

cyclohexane, promoting the reactions of SCIs with RO2. 

The effect of the concentrations of reactants on the results 

In this study, to get enough products for analysis in a short reaction time, both of the concentrations 

of limonene and O3 used in experiments were higher than those in the real atmosphere, and it was 

needed to consider the effect of concentrations of reactants. In the atmosphere, the concentrations 

of organic compounds formed from limonene ozonolysis are much smaller than those in flow tube 

reactors, while it should be noted that limonene-derived SCIs would not only react with the 

compounds formed from limonene, they could also react with other compounds in the ambient air. 

In this study, we determined the rate of SCIs isomerization and reaction with other products. In the 

atmosphere, the organic compounds that SCIs could react with are generally carboxylic acids, 

carbonyls, alcohols, and RO2 radicals, and the concentrations of these compounds in forest are about 

1011 molecule cm−3, 1011 molecule cm−3, 1011 molecule cm−3, and 109 molecule cm−3, respectively. 

In urban area, the concentrations of carbonyls and alcohols were reported to be higher because of 

the anthropogenic emissions (Vereecken et al., 2012). The rate coefficients of SCIs reaction with 

carboxylic acids, carbonyls, alcohols, and RO2 radicals were reported to be around 10−10 molecule 

cm3 s−1, 10−12 molecule cm3 s−1, 10−14 molecule cm3 s−1, and 10−11 molecule cm3 s−1, respectively 
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(Khan et al., 2018; Lin and Chao, 2017; Zhao et al., 2017). It was estimated that the sum of the rate 

of SCIs isomerization and reaction with organic compounds in the atmosphere was on the same 

order of magnitude as that in experiments, and thus the results obtained here were considered to be 

feasible to the ambient conditions. We declare that further studies on different concentrations of 

reactants with the coexistence of other organic compounds would make the results more concise. 
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Figure caption 

Table S1. Wall loss fractions of SOA mass concentration at different relative humidity (RH). 

Table S2. The amounts of SCIs (molecule cm−3) under different concentrations of acetic acid (AA, 

molecule cm−3) and different relative humidity (RH) in the first-generation oxidation. 

Table S3. The amounts of SCIs (molecule cm−3) under different concentrations of acetic acid (AA, 

molecule cm−3) and different relative humidity (RH) in the second-generation oxidation. 

Table S4. The reactants concentrations (ppbv) in calculations of steady-state concentrations of SCIs 

in forest, urban area, and indoor area. 

Figure S1. Diagram of the thermostatic coil collector. 

Figure S2. The dependence of the molar yield of hydrogen peroxide (H2O2) on relative humidity 

(RH). 

Figure S3. The variation of the consumption of acetic acid (ΔAA) with the concentration of acetic 

acid ([AA]) at different relative humidity (RH) in the second-generation oxidation. 

Figure S4. Growth curves of (a) SOA mass concentration (SOA) and (b) SOA yield (Y) versus 

limonene reacted (△HC) at different relative humidity (RH) in the first-generation oxidation. 

Figure S5. Growth curves of (a) SOA mass concentration (SOA) and (b) SOA yield (Y) versus 

reaction time at different relative humidity (RH) in the second-generation oxidation. 

Figure S6. The variation of SOA mass concentration (SOA) with the concentration of acetic acid 

([AA]) at different relative humidity (RH) in the second-generation oxidation. 

Figure S7. Structures of limonene-derived SCIs formed from endo-DB and exo-DB ozonolysis. 

Figure S8. The dependence of SOA mass concentration on the amount of SCIs at different relative 

humidity (RH) in the first-generation oxidation with cyclohexane as OH scavenger. 
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Table S1. Wall loss fractions of SOA mass concentration at different relative humidity (RH). 

RH <0.5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 

Wall loss 
fraction 
(%) 

7.21 

±0.72 

6.57 

±0.77 

6.88 

±0.82 

7.02 

±0.93 

7.65 

±0.95 

8.21 

±0.88 

11.29 

±0.90 

13.04 

±1.21 

15.67 

±1.16 

17.10 

±1.45 
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Table S2. The amounts of SCIs (molecule cm−3) under different concentrations of acetic acid (AA, 

molecule cm−3) and different relative humidity (RH) in the first-generation oxidation. 

RH 

AA 
< 0.5% 10% 40% 60% 80% 

0.00 2.66 × 1011 1.84 × 1011 1.45 × 1011 1.38 × 1011 1.21 × 1011 

5.90 × 1011 1.85 × 1011 1.66 × 1011 1.38 × 1011 1.27 × 1011 1.19 × 1011 

1.18 × 1012 1.16 × 1011 1.03 × 1011 8.30 × 1010 9.81 × 1010 9.01 × 1010 

2.36 × 1012 6.94 × 1010 6.29 × 1010 6.10 × 1010 6.41 × 1010 6.04 × 1010 

3.54 × 1012 5.17 × 1010 4.16 × 1010 2.56 × 1010 5.24 × 1010 4.35 × 1010 

4.72 × 1012 2.80 × 1010 1.65 × 1010 1.19 × 1010 2.74 × 1010 2.90 × 1010 

5.90 × 1012 1.21 × 1010 4.57 × 109 3.82 × 109 1.39 × 1010 1.93 × 1010 

7.08 × 1012 2.95 × 109 2.26 × 109 −2.58 × 109 −2.22 × 109 7.73 × 109 

8.27 × 1012 1.23 × 109 1.83 × 109 −5.57 × 109 1.28 × 109 5.31 × 109 

9.45 × 1012 −1.97 × 109 1.89 × 109 −3.52 × 109 3.69 × 109 3.55 × 109 

1.06 × 1013 2.46 × 109 1.78 × 109 −5.45 × 108 3.25 × 109 5.09 × 109 

1.18 × 1013 −4.92 × 108 −9.65 × 108 −4.40 × 108 3.85 × 109 5.55 × 109 

Note: The negative values appearing in the table were caused by the errors of 
measurements under high AA concentration. 

 

  



 S16 

Table S3. The amounts of SCIs (molecule cm−3) under different concentrations of acetic acid (AA, 

molecule cm−3) and different relative humidity (RH) in the second-generation oxidation. 

RH 

AA 
< 0.5% 10% 40% 60% 80% 

0.00 2.21 × 1011 1.60 × 1011 1.29 × 1011 1.65 × 1011 2.41 × 1011 

5.90 × 1011 1.45 × 1011 1.38 × 1011 1.13 × 1011 1.12 × 1011 1.77 × 1011 

1.18 × 1012 1.01 × 1011 1.02 × 1011 8.79 × 1010 9.10 × 1010 1.09 × 1011 

2.36 × 1012 6.05 × 1010 5.33 × 1010 6.16 × 1010 6.13 × 1010 7.84 × 1010 

3.54 × 1012 5.49 × 1010 4.50 × 1010 5.54 × 1010 5.47 × 1010 4.68 × 1010 

4.72 × 1012 4.75 × 1010 4.49 × 1010 4.61 × 1010 4.79 × 1010 2.86 × 1010 

5.90 × 1012 3.84 × 1010 2.98 × 1010 3.79 × 1010 2.55 × 1010 1.49 × 1010 

7.08 × 1012 1.97 × 1010 1.91 × 1010 2.88 × 1010 2.24 × 1010 1.21 × 1010 

8.27 × 1012 1.21 × 1010 9.06 × 109 1.94 × 1010 2.16 × 1010 1.03 × 1010 

9.45 × 1012 9.84 × 108 6.89 × 109 1.38 × 1010 1.85 × 1010 1.01 × 1010 

1.06 × 1013 −2.46 × 108 1.10 × 109 1.31 × 1010 1.74 × 1010 1.05 × 1010 

1.18 × 1013 −2.46 × 108 9.78 × 108 1.24 × 1010 1.77 × 1010 1.03 × 1010 

Note: The negative values appearing in the table were caused by the errors of 
measurements under high AA concentration. 
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Table S4. The reactants concentrations (ppbv) in calculations of steady-state concentrations of SCIs 

in forest, urban area, and indoor area. 

 Limonene O3 SO2 NO2 

Forest 0.18 45 11 22 

Urban area 0.15 45 103 174 

Indoor area 2 20 105 176 

1 Boy et al., 2013; Paralovo et al., 2019 

2 Paralovo et al., 2019 

3 Fan et al., 2020 

4 Fan et al., 2020 

5 Lawrence and Khan, 2017 

6 Carslaw, 2007 

  



 S18 

 

Figure S1. Diagram of the thermostatic coil collector. 
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Figure S2. The dependence of the molar yield of hydrogen peroxide (H2O2) on relative humidity 

(RH). Blue dots: the measured yield of H2O2; Red line: the estimated yield of H2O2 based on SCII 

reaction with H2O; Green line: the estimated yield of H2O2 based on SCII reaction with (H2O)2. 
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Figure S3. The variation of the consumption of acetic acid (ΔAA) with the concentration of acetic 

acid ([AA]) at different relative humidity (RH) in the second-generation oxidation. Scatters: 

measured ΔAA; Black line: estimated ΔAA at < 0.5% RH; Pink line: estimated ΔAA at 60% RH; 

Blue line: estimated ΔAA at 80% RH. 
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Figure S4. Growth curves of (a) SOA mass concentration (SOA) and (b) SOA yield (Y) versus 

limonene reacted (△HC) at different relative humidity (RH) in the first-generation oxidation. 
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Figure S5. Growth curves of (a) SOA mass concentration (SOA) and (b) SOA yield (Y) versus 

reaction time at different relative humidity (RH) in the second-generation oxidation. 
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Figure S6. The variation of SOA mass concentration (SOA) with the concentration of acetic acid 

([AA]) at different relative humidity (RH) in the second-generation oxidation. 
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Figure S7. Structures of limonene-derived SCIs formed from endo-DB and exo-DB ozonolysis. 
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Figure S8. The dependence of SOA mass concentration on the amount of SCIs at different relative 

humidity (RH) in the first-generation oxidation with cyclohexane as OH scavenger. 


