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Model Calculation for N2O5 concentration  

A simple chemical model is used to adjust the concentration of O3 and flow rates of both NO2 and O3 

in flow tube to maximize the production of N2O5, such that styrene is dominantly oxidized by NO3 radical. 

This simple chemical model is developed using the Master Chemical Mechanism (MCM, version 3.3.1). 

The related reactions and their rate constants are shown in following.   

Table S1. List of reactions and their rate constants for estimation of N2O5 in flow tube.  

Reaction Rate Constant 

NO2+O3 → NO3+O2 3.5×10-17 cm3 molecules-1 s-1 

NO2+NO3 → N2O5 6.7×10-12 cm3 molecules-1 s-1 

N2O5 → NO2+NO3 2.2×10-1 s-1 

 



3 
 

20 30 40 50 60 70 80

-4

-2

0

2

4

L
o

g
1
0
[C

* 2
5
 °

C
]

Tmax (°C)

Log10 [C
*
298K] = -0.085Tmax + 5.12

 
Figure S1. Volatility calibration curve of a filter inlet for gases and aerosols coupled to a chemical 

ionization mass spectrometer (FIGAERO-CIMS). Filled circles and error bars are mean values and standard 

deviation of two calibrations, respectively. The line represents a total least-squares fit. These results are 

comparable to those reported in Takeuchi et al. (2022).   
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Figure S2. Typical time profile of the decay of styrene over time measured by GC-FID and aerosol 

fromation (volume concentration) measued by SMPS, particle wall loss corrected (Exp. 7). 
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Figure S3. (a) Time series of mass concentrations of organics and nitrate (normalized to the sulfate mass 

concentration); (b) Time series of mass concentrations of CxHy, CxHyO, CxHyOz, CxHyON, and CxHyOzN 

families (normalized to the sulfate mass concentration) measured by HR-ToF-AMS (Exp.7). 
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Figure S4. The relative percentage contributions of (a) CHO, CHON, and CHON2, and (b) monomeric and 

dimer products across various experiments with differing initial styrene concentrations. 
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Figure S5. Time series of (a) nitrate measured by HR-ToF-AMS and (b) organic nitrates (NO3,org) from 

Exp. 2 (RH<3%), Exp. 11 (RH~50%), and Exp. 12 (RH~70%). 
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Figure  S6. Time series of organic nitrates (NO3, org) measured by HR-ToF-AMS and the sum of ON signals 

measured by FIGAERO-CIMS: (a) RH<3% (Exp.2); (b) RH~50% (Exp.11); and (c) RH~70% (Exp. 12).  
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Figure S7. Comparison of SOA yields of styrene oxidation systems in this work and in literature (Yu et al., 

2022; Tajuelo et al., 2019; Ma et al., 2018; Na et al., 2006; Schueneman et al., 2024) (a) on a linear scale 

and (b) on a logarithmic scale. The SOA yields and MO in Schueneman et al., (2024) and in Tajuelo et al., 

(2019) are extracted by WebPlotDigitizer. The higher end of the MO range in this study corresponds to 

polluted urban environments. The lines are SOA yield curves obtained by fitting the yield data to the Odum 

two-product model (Odum et al., 1996, 1997): 𝑌 = ∆𝑀𝑂[
𝛼1𝐾1

1+𝐾1𝑀𝑂
+  

𝛼2𝐾2

1+𝐾2𝑀𝑂
], with coefficients either taken 

directly from the published papers ( Tajuelo et al., 2019; Na et al., 2006) or determined by ourselves using 

the published yield data points (Yu et al., 2022; Ma et al., 2018; Schueneman et al., 2024). 
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Figure S8. SOA yields of styrene+NO3 oxidation: with seed particles (filled circles; fitted to yield curve) 

and without any seed particles (red dots for Exp. 9 and 10). 
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Accounting for vapor wall loss in determining SOA yields  

To evaluate the potential effect of organic vapor wall loss on SOA yields in our study, experiments 

without seed particles are carried out. As shown in Figure S7, the SOA formation from nucleation 

experiments (without seed particles) are lower than condensation experiments (with seed particles). We 

employ the semi-empirical equation based on gas-to-particle partitioning of two semi-volatile products 

(Odum et al., 1996, 1997) for SOA yields to correct for vapor wall loss in SOA yield determination (Eq. 

S1).  

𝑌 = ∆𝑀𝑂[
𝛼1𝐾1

1+𝐾1𝑀𝑂
+  

𝛼2𝐾2

1+𝐾2𝑀𝑂
]                                                           Eq. S1 

Where Y is the SOA yield, MO is the aerol mass loading, 1 and 2 are the fitted molar yields of the two 

products, and K1 and K2 are the fitted partitioning coefficients of the two products. K is inversely 

proportional to the saturation mass concentration (C*) of each pure semi-volatile compound. The correction 

relies on the assumption that styrene+NO3 oxidation yields two major products. After correcting for particle 

wall loss, the total mass of products (C) can reside in three components: in the gas phase (Cg), in the particle 

phase (Cp), and on the chamber wall (Cw) due to vapor wall loss. In the two-product semi-empirical model, 

the term  represents the fitted molar yield. Therefore, the total mass concentration of products can also be 

expressed as the products of the fitted molar yield and the amount of styrene reacted (HC) as shown in 

Eq. S2 and S3.  

 𝐶𝑔
1 +  𝐶𝑝

1 +  𝐶𝑤
1  = HC× 𝛼1                                                           Eq. S2 

   𝐶𝑔
2 +  𝐶𝑝

2 +  𝐶𝑤
2  = HC× 𝛼2                                                          Eq. S3 

According to the two-layer model in Huang et al., (2018), the vapor wall loss is the overall decay of 

vapor molecules in the surface and inner layers of the chamber wall after equilibrium (Eq. S4). As shown 

in Eq. S5 and S6, Cw can be calculated from Cg, activity coefficient in Teflon film (𝑟1
∞), C*, and equivalent 

total wall concentration (CTW, sum of 𝐶𝑤
1  and 𝐶𝑤

2 ).  

                               𝐶𝑇𝑊 =  
10.8∗𝐴

𝑉
                                                                                 Eq. S4 

𝐶𝑔
1 =  𝐶1

∗  × 𝑟1
∞ ×

𝐶𝑤
1

𝐶𝑇𝑊
=  𝐶1

∗  ×  103.299 × (𝐶1
∗)−0.6407  ×

𝐶𝑤
1

10.8∗𝐴

𝑉

                                 Eq. S5 

𝐶𝑔
2 =  𝐶2

∗  × 𝑟2
∞ ×

𝐶𝑤
2

𝐶𝑇𝑊
=  𝐶2

∗  ×  103.299 × (𝐶2
∗)−0.6407  ×

𝐶𝑤
2

10.8∗𝐴

𝑉

                                 Eq. S6 

Where A refers to the chamber surface area (m2) and V refers to chamber volume (m3).  

According to previous work (Pankow, 1994a, b) , Cg can be calculated from Cp, C*, and MO (Eq. S7 

and S8).  

𝐶𝑔
1 =  𝐶1

∗  ×
𝐶𝑝

1

𝑀𝑂
                                                                                      Eq. S7 
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𝐶𝑔
2 =  𝐶2

∗  ×
𝐶𝑝

2

𝑀𝑂
                                                                                      Eq. S8 

Therefore, Eq. S2 and S3 can be rewritten to Eq. S9 and S10, respectively:  

𝐶1
∗  ×

𝐶𝑝
1

𝑀𝑂
+  𝐶𝑝

1 +
𝐶𝑝

1×𝐶𝑇𝑊

𝑀𝑂×𝑟1
∞ = HC× 𝛼1                                                Eq. S9 

𝐶2
∗  ×

𝐶𝑝
2

𝑀𝑂
+  𝐶𝑝

2 +
𝐶𝑝

2×𝐶𝑇𝑊

𝑀𝑂×𝑟2
∞ = HC× 𝛼2                                                Eq. S10 

The two-product semi-empirical model (Eq. S1) can also be rewritten to Eq. S11:  

𝑌 =
∆𝑀𝑂

∆𝐻𝐶
=

𝐶𝑝
1+ 𝐶𝑝

2

∆𝐻𝐶
=

∆𝐻𝐶×𝛼1

𝐶1
∗  ×

1
𝑀𝑂

+ 1+
𝐶𝑇𝑊

𝑀𝑂×𝑟1
∞

+
∆𝐻𝐶×𝛼2

𝐶2
∗  ×

1
𝑀𝑂

+ 1+
𝐶𝑇𝑊

𝑀𝑂×𝑟2
∞

 

∆𝐻𝐶
  =∆𝑀𝑂[

𝛼1𝐾1

1+𝐾1𝑀𝑂+
𝐾1×𝐶𝑇𝑊

𝑟1
∞

+ 
𝛼2𝐾2

1+𝐾2𝑀𝑂+
𝐾2×𝐶𝑇𝑊

𝑟2
∞

]                                                                    

                                                                                                             Eq. S11 

The MO and SOA yields after the correction are shown in Table S1. SOA yield curve after the 

correction is shown in Figure 1. The fitted molar yields (1 and 2) are 0.84 and 0.14, and the fitted 

partitioning coefficients (K1 and K2) are 8.08×10-4 and 7.48 after vapor wall loss correction (R2 = 0.991). 
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Table S2. SOA yield data for styrene+NO3 oxidation with and without vapor wall loss correction. 

Exp MO (mg m-3) 
Corrected MO (mg 

m-3) 

SOA Mass yield 

(%) 

Corrected SOA 

Mass yield (%) 

1 1.9  5.9 4.5  14.5 

2 5.4  9.6 8.1  14.3 

3 6.8 11 8.6 14.2 

4 12.4 17.1 10.1 14.0 

5 26.1 32.5 12.6  15.7 

6 48.5 60.2 14.1  17.5 

7 67.0 85.4 15.7  20.0 

8 107.4 147.6 16.1  22.1 
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Figure S9. Thermal desorption profiles of C16H16N2O8 and C8H9NO4 in FIGAERO-CIMS from Exp. 7. 

Data points are averages of three desorption cycles around the time of the peak SOA mass concentration. 
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Figure S10. Proposed mechanisms for the major particle-phase products resulting from further reactions 

of the nitrooxy peroxy radcial. The nitrooxy peroxy radical is highlighted in yellow as the major RO2 in the 

mechanisms. 
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Table S3. Possible dimeric aromatic ONs measured by FIGAERO-CIMS in ambient studies.   

Molecular Formulaa Molecular Weight RDBEb Xc c 

C20H21NO5 354.142 11 2.78  

C20H23NO5 356.1576 10 2.75  

C20H21NO6 370.1369 11 2.75  

C20H23NO6 372.1525 10 2.71  

C20H21NO7 386.1318 11 2.71  

C20H22N2O7 401.1427 11 2.80  

C19H22N2O8 405.1376 10 2.75  

C20H20N2O8 415.1219 11 2.78  

C20H22N2O8 417.1376 11 2.78  

C20H24N2O8 419.1533 10 2.75  

C19H22N2O9 421.1325 10 2.71  

C22H26N2O7 429.174 11 2.80  

C20H22N2O9 433.1325 11 2.75  

C20H24N2O9 435.1482 10 2.71  

C22H26N2O8 445.1689 11 2.78  

C20H22N2O10 449.1274 11 2.71  

C22H26N2O9 461.1638 11 2.75  
a. The molecular formula are obtained from a field campaign conducted in Shenzhen, China, using FIGAERO-CIMS. (Ye et al., 

2021) b. RDBE is ring and double-bond equivalence. RDBE = 
𝐶𝑎𝑟𝑏𝑜𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 ×2+2−𝐻𝑦𝑑𝑟𝑜𝑔𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟+𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟

2
. c. Xc is 

aromaticity equivalent. Xc = 
3×(𝑅𝐷𝐵𝐸−(𝑂𝑥𝑦𝑔𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟−3×𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟))−2

𝑅𝐷𝐵𝐸−(𝑂𝑥𝑦𝑔𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟−3×𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟)
. The aromaticity equivalent equation, as discussed by 

Yassine et al. (2014) and Wang et al. (2017), has been revised based on the assumption that the nitrooxy group requires three oxygen 

atoms.  
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