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Figure S 1: ISOP-SOA reaction pathway scheme under (a) low-NO conditions (ISOP-non-IEPOX-SOA 10 

and ISOP-IEPOX-SOA) and (b) high-NO conditions (ISOP-NO-SOA). 

The DouAir chamber operates without a mechanical stirrer to minimize wall losses. Characterization tests for 

both gaseous and liquid species (the latter injected via rapid vaporization in a heated injector) confirmed that 

homogeneity is reached in less than 4 minutes via airflow dynamics, as indicated in Figure S2. 
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Figure S 2: Mixing time of the organic compounds (a) acetonitrile, (b) acetone, (c) MEK, (d) toluene, (e) 

m-xylene, and (f) α-pinene in the DouAir Teflon Chamber.  

Mass concentration calculation with PTRMS-CHARON 

The particle phase concentrations of a given species i was calculated based on Müller et al. (2017) and Peng et 20 

al. (2023).  

𝑃𝑖 =

𝐼𝑖 × (
𝑚
𝑧 𝑖

− 1)

𝑉𝑚 ×  𝑆𝑖

𝐸𝐹
 

Where 𝑃𝑖 is the mass concentration (ng m⁻³) of the compound i, 𝐼𝑖 the normalized signal (ncps) of the ion detected 

𝑚

𝑧 𝑖
 is the mass over charge of the protonated ion i. 𝑉𝑚 is the the molar volume (22.4 L mol-1), 𝑆𝑖 is the sensitivity 

of the compound i (ncps/ppbv) and EF is the enrichment factor.  The total OA mass concentration is calculated 25 

by summing the contribution of all individually detected ions (Pi). For the ions detected in the particle phase, a k-

rate of 3 × 10-9 cm s-1 was used. 

OH Concentration Calculation 

During the ISOP-SOA experiments, OH radicals were generated through the ozonolysis of TME. The OH 

concentration was previously calculated from the decay of the dilution and wall loss -corrected isoprene signal, 30 

following the method described by Barmet et al. (2012). The slope of the plot of the natural logarithm (ln) of the 



dilution-corrected isoprene concentration versus time corresponds to  -k·[OH], where k is the isoprene reaction 

rate constant with OH and [OH] is the OH concentration. 

[OH] = 
−𝑠𝑙𝑜𝑝𝑒

𝑘
 

Dilution and wall loss corrections 35 

The DouaiAir chamber requires constant zero air flow injection to compensate for the air sampled by the 

instruments and to maintain an overpressure in the system. The constant flow also allows the chamber to clean 

itself during the night. The flow rate can be varied between 15-40 L min-1. Correcting for dilution allows assessing 

the concentration of the precursors and products that would be observed without the addition of zero air. The 

dilution concentration is based on Lamkaddam et al. (2017): 40 

𝐶𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑(𝑡𝑖+1) = 𝐶𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑(𝑡𝑖) + ∆𝐶𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 +
𝑄𝑝 × ∆𝑡

𝑉
𝐶𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑(𝑡𝑖)𝑒−

𝑄𝑝
𝑉

×∆𝑡 

where,  

𝐶  is the corrected and measured concentration, ∆𝐶𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 represents the difference between the measured 

concentration at two consecutive points, Qp is the sample flow rate, V is the chamber volume, and ∆𝑡 is the time 

between two data points. 45 

Particle wall-loss rate kwall was determined from the first-order decay of the total polydisperse SOA mass 

concentration measured by the SMPS after chemical reactions had fully completed following the protocol 

proposed by Wang et al. (2018). For this correction, the SOA was produced from dark ozonolysis of ~16 ppbv of 

α-pinene with ~50 ppbv of O3. Wall-loss monitoring was conducted for approximately 4 hours for particle phase 

and 13 hours for the VOC studied (table S1), providing a sufficiently long exponential decay period for reliable 50 

determination. This mass-based approach assumes that the wall-low rate is size-independent over the size range 

of particles produced in the atmospheric chamber and that it remains constant throughout each experiment (Wang 

et al., 2018). Previous studies (e.g., Smith et al., 2019; Guo et al., 2022) estimated the total first-order decay rate 

constant 𝑘𝑡𝑜𝑡𝑎𝑙 = 𝑘(𝑤𝑎𝑙𝑙 + 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛) by fitting the natural logarithm of the normalized concentration 𝐿𝑛 (
[𝐴]0

[𝐴]𝑡
) as a 

function of time. The slope of this linear fit corresponds to 𝑘𝑡𝑜𝑡𝑎𝑙 , where [𝐴]0 and [𝐴]𝑡 represent the initial and 55 

time-dependent concentrations of VOC (in ppbv) or particle mass (in µg m⁻³), respectively. 

The equations used in this study are: 

𝐿𝑛 (
[𝐴]0

[𝐴]𝑡
) = 𝑘(𝑤𝑎𝑙𝑙 + 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛) .𝑡  

𝑘𝑤𝑎𝑙𝑙  = 𝑘(𝑤𝑎𝑙𝑙 + 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛) − 𝑘𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛  

The particle lifetime with respect to wall deposition was calculated as: 60 

τ =
1

𝑘𝑤𝑎𝑙𝑙
 

First order wall loss rates were determined for gases, O3, and particles and are reported in Table S1. 



Table S 1: Wall loss rates and lifetimes of particles and gases in the DouAir Teflon chamber.  

 

Table S 2: Main ions detected during limonene ozonolysis (MT-SOA) experiments using PTRMS-65 

CHARON, including their molecular formulas, tentative compound assignments based on literature, and 

the corresponding potential dehydration fragments [M+H−H2O]+. 

 

Table S 3: Main ions detected during β-caryophyllene ozonolysis (SQT-SOA) experiments using PTRMS-

CHARON, including their molecular formulas, tentative compound assignments based on literature, and 70 

the corresponding potential dehydration fragments [M+H−H2O]+. 
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Main ion (m/z) Formula Compound assignment from literature
Potential fragments [M+H- H2O]

+ 

(m/z; formula)

171.102 C9H14O3
Limonalic acid; norlimononic acid; 

ketolimononaldehyde 
153.091 (C9H12O2)

173.081 C8H12O4 Norlimonic acid 155.070 (C8H10O3)

185.117 C10H16O3

Limononic acid; 4-isopropenyl-1-methyl-

1,5-hydroxy-2-oxocyclohexane;  7-

hydroxylimononaldehyde

167.106 (C10H14O2)

187.096 C9H14O4 Ketolimononic acid;  limonic acid 169.086 (C9H12O3) 

189.075 C8H12O5 Ketolimonic acid 171.065 (C8H10O4) 

201.112 C10H16O4
5-hydroxylimononic acid;  7-

hydroxylimononic acid 
183.102 (C10H14O3)

203.091 C9H14O5 185.080 (C9H12O4)

MT-SOA: Limonene ozonolysis 

(Gkatzelis et al., 2018a; Hammes et al., 2019; Wong et al., 2021 Jacob et al., 2023 )

Main ion (m/z) Formula Compound assignment from literature
Potential fragments [M+H- H2O]

+ 

(m/z; formula)

237.185 C15H24O2 β-caryophyllon aldehyde 219.174 (C15H22O)

239.164 C14H22O3 β-nocaryophyllon aldehyde 221.154 (C14H20O2)

253.18 C15H24O3 β-caryophyllonic acid 235.169 (C15H22O2)

255.159 C14H22O4 β-caryophyllinic acid 237.149 (C14H20O3)

269.175 C15H24O4 β-hydroxycaryophyllonic acid 251.164 (C15H22O3)

271.19 C15H26O4 Hydrated β-caryophyllonic acid 253.180 (C15H24O3) 

199.133 C11H18O3
3,3-dimethyl-2-(3-oxobutyl) cyclobutane 

carboxylic acid

SQT-SOA: β-caryophyllene ozonolysis 

(Chan et al., 2011; Li et al., 2011; Jaoui et al., 2013; Gao et al., 2022). 



 

References  

Barmet, P., Dommen, J., DeCarlo, P. F., Tritscher, T., Praplan, A. P., Platt, S. M., Prévôt, A. S. H., Donahue, 80 

N. M., and Baltensperger, U.: OH clock determination by proton transfer reaction mass spectrometry at an 

environmental chamber, Atmos. Meas. Tech., 5, 647–656, https://doi.org/10.5194/amt-5-647-2012, 2012. 

Chan, A. W. H., Chan, M. N., Surratt, J. D., Chhabra, P. S., Loza, C. L., Crounse, J. D., Yee, L. D., Flagan, 

R. C., Wennberg, P. O., and Seinfeld, J. H.: Role of aldehyde chemistry and NOx concentrations in secondary 

organic aerosol formation, Atmos. Chem. Phys., 10, 7169–7188, https://doi.org/10.5194/acp-10-7169-2010, 2010. 85 

Gkatzelis, G. I., Tillmann, R., Hohaus, T., Müller, M., Eichler, P., Xu, K.-M., Schlag, P., Schmitt, S. H., 

Wegener, R., Kaminski, M., Holzinger, R., Wisthaler, A., and Kiendler-Scharr, A.: Comparison of three aerosol 

chemical characterization techniques utilizing PTR-ToF-MS: a study on freshly formed and aged biogenic SOA, 

Atmos. Meas. Tech., 11, 1481–1500, https://doi.org/10.5194/amt-11-1481-2018, 2018a. 

Gao, L., Song, J., Mohr, C., Huang, W., Vallon, M., Jiang, F., Leisner, T., and Saathoff, H.: Kinetics, SOA 90 

yields, and chemical composition of secondary organic aerosol from β-caryophyllene ozonolysis with and without 

nitrogen oxides between 213 and 313 K, Atmos. Chem. Phys., 22, 6001–6020, https://doi.org/10.5194/acp-22-

6001-2022, 2022. 

Guo, Y., Shen, H., Pullinen, I., Luo, H., Kang, S., Vereecken, L., Fuchs, H., Hallquist, M., Acir, I.-H., 

Tillmann, R., Rohrer, F., Wildt, J., Kiendler-Scharr, A., Wahner, A., Zhao, D., and Mentel, T. F.: Identification 95 

of highly oxygenated organic molecules and their role in aerosol formation in the reaction of limonene with nitrate 

radical, Atmos. Chem. Phys., 22, 11323–11346, https://doi.org/10.5194/acp-22-11323-2022, 2022. 

Hammes, J., Lutz, A., Mentel, T., Faxon, C., and Hallquist, M.: Carboxylic acids from limonene oxidation by 

ozone and hydroxyl radicals: insights into mechanisms derived using a FIGAERO-CIMS, Atmos. Chem. Phys., 

19, 13037–13052, https://doi.org/10.5194/acp-19-13037-2019, 2019. 100 

Jacob, F., Houzel, N., Genevray, P., Clety, C., Coeur, C., Perdrix, E., Alleman, L. Y., Anthérieu, S., Garçon, 

G., Dhont, G., Cuisset, A., Lo Guidice, J.-M., and Tomas, A.: New insights into the chemical composition and 

formation mechanisms of secondary organic aerosols produced in the ozonolysis of limonene, J. Aerosol Sci., 

173, 106214, https://doi.org/https://doi.org/10.1016/j.jaerosci.2023.106214, 2023. 

Jaoui, M., Kleindienst, T. E., Docherty, K. S., Lewandowski, M., and Offenberg, J. H.: Secondary organic 105 

aerosol formation from the oxidation of a series of sesquiterpenes: α-cedrene, β-caryophyllene, α-humulene and 

α-farnesene with O3, OH and NO3 radicals, Environ. Chem., 10, 178–193, 2013. 

Lamkaddam, H., Gratien, A., Pangui, E., Cazaunau, M., Picquet-Varrault, B., and Doussin, J.-F.: High-NOx 

Photooxidation of n-Dodecane: Temperature Dependence of SOA Formation, Environ. Sci. Technol., 51, 192–

201, https://doi.org/10.1021/acs.est.6b03821, 2017. 110 



Li, Y. J., Chen, Q., Guzman, M. I., Chan, C. K., and Martin, S. T.: Second-generation products contribute 

substantially to the particle-phase organic material produced by β-caryophyllene ozonolysis, Atmos. Chem. Phys., 

11, 121–132, https://doi.org/10.5194/acp-11-121-2011, 2011. 

Müller, M., Eichler, P., D’Anna, B., Tan, W., and Wisthaler, A.: Direct Sampling and Analysis of Atmospheric 

Particulate Organic Matter by Proton-Transfer-Reaction Mass Spectrometry, Anal. Chem., 89, 10889–10897, 115 

https://doi.org/10.1021/acs.analchem.7b02582, 2017. 

Peng, Y., Wang, H., Gao, Y., Jing, S., Zhu, S., Huang, D., Hao, P., Lou, S., Cheng, T., Huang, C., and Zhang, 

X.: Real-time measurement of phase partitioning of organic compounds using a proton-transfer-reaction time-of-

flight mass spectrometer coupled to a CHARON inlet, Atmos. Meas. Tech., 16, 15–28, 

https://doi.org/10.5194/amt-16-15-2023, 2023. 120 

Smith, D. M., Fiddler, M. N., Sexton, K. G., and Bililign, S.: Construction and Characterization of an Indoor 

Smog Chamber for Measuring the Optical and Physicochemical Properties of Aging Biomass Burning Aerosols, 

Aerosol Air Qual. Res., 19, 467–483, https://doi.org/10.4209/aaqr.2018.06.0243, 2019. 

Wang, N., Jorga, S. D., Pierce, J. R., Donahue, N. M., and Pandis, S. N.: Particle wall-loss correction methods 

in smog chamber experiments, Atmos. Meas. Tech., 11, 6577–6588, https://doi.org/10.5194/amt-11-6577-2018, 125 

2018. 

Wong, C., Vite, D., and Nizkorodov, S. A.: Stability of α-Pinene and d-Limonene Ozonolysis Secondary 

Organic Aerosol Compounds Toward Hydrolysis and Hydration, ACS Earth Sp. Chem., 5, 2555–2564, 

https://doi.org/10.1021/acsearthspacechem.1c00171, 2021. 

 130 

 

 


