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Abstract. Ammonia (NHs), the dominant alkaline gas in the atmosphere, plays a critical role in urban air quality, but its
molecular-level interactions with organics remain poorly understood. Here, we uncover a hidden chemical pathway: NH3
efficiently scavenges stable Criegee intermediates (SCI) - critical radical in organic aerosol formation. Using high-resolution
15 Orbitrap mass spectrometry, we capture the first real-time evidence of NH3 reacting with styrene-derived C7-SCI to form a
hazardous peroxide amine (C7HgO2N) while suppressing traditional SCI-driven aerosol components like benzoic acid and
oligomers. Due to unstable bond of peroxide in the molecule, C;HyO>N can further decompose into more stable compounds
(imine C7H,N and amide C;H;ON). This study discovered a critical reaction pathway for the formation of organic amines
through the reaction of NH3 and SCI, which not only bridges a critical gap in understanding NH3’s role in aerosol chemistry
20 but also exposes a previously overlooked health risk from nitrogen-enriched particulate matter.
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1 Introduction

Secondary organic aerosols (SOA) are critical components of atmospheric fine particles, typically formed by the oxidation of
volatile organic compounds (VOCSs) (Ehn et al., 2014; Hallquist et al., 2009). SOA can significantly impact air quality and
climate by scattering and absorbing sunlight, and affect human health due to their ability to reach deep into lungs(Calvin et al.,
2023; Kroll and Seinfeld, 2008). Among SOA components, nitrogen-containing organic compounds (NOCSs) are of particular
importance due to their potential toxicity and role in light absorption(Laskin et al., 2025; Li et al., 2025; Yu et al., 2024c).
Ammonia (NHs) is the most abundant alkaline gas in the atmosphere and plays a significant role in aerosol chemistry (Behera
etal., 2013; Krupa, 2003). Global NH3emissions have been increasing in recent years, largely due to agricultural and industrial
activities, yet models have not accounted for its potential to influence SOA(Fu et al., 2017; Meng et al., 2020; Zhang et al.,
2023). NHjs is known to enhance SOA vyields by acid-base reactions(Du et al., 2023; Li et al., 2018; Lv et al., 2022; Zhang et
al., 2023), and previous studies have focused on NOCs formation via reactions between NHz and carbonyl compounds(Laskin
et al., 2014; Liu et al., 2021, 2023). Our recent study has shown new evidence that NH3 can also react with isoprene-derived
stable Criegee intermediates (SCIs) to form NOCs, thereby changing the chemical characteristics of SOA(Li et al., 2024b).
Styrene is an important anthropogenic VOC emitted from industrial processes and vehicle exhaust(Cui et al., 2022; Okada et
al., 2012), and is a key precursor to urban SOA(Sun et al., 2016; Wu and Xie, 2018). Styrene ozonolysis can generate two
types of SCI, namely C;1-SCI (CH200) and C7-SCI (C7HsOO) (Tuazon et al., 1993). Our studies have shown that C; and Cy -
SCls play a key role in SOA formation through oligomerization(Tajuelo et al., 2019; Yu et al., 2022). Styrene is a unique
aromatic with both aromatics and alkenes properties due to the containing of an aromatic ring and a highly reactive double
bond in the molecule. Our recent study revealed that NH3 can greatly suppress biogenic SOA formation from isoprene by the
reaction with SCIs, which can change pathways from oligomerization to the formation of small molecular nitrogenous
products(Li et al., 2024b). However, it is still unknown whether this mechanism is applicable to all alkenes, especially
anthropogenic sources of aromatic hydrocarbons such as styrene.

In this study, we investigate the reactions between NH; and styrene-derived products and their role in SOA formation.
Combining chamber experiments, molecular-level measurements through Orbitrap-MS, and iodometry Kinetic control
experiments, we confirm that NH3 can react with Criegee intermediates to form a peroxide amine (C7HyO2N) and identify its
decomposition products (C7H;N and C7H7ON). Our results reveal a common pathway in both biogenic and anthropogenic
alkene VOCs, where NH3; can change Criegee intermediates chemistry toward nitrogen-containing products with reactive
peroxide, which may enhance aerosol toxicity. This study bridges a critical gap in understanding the role of NH3 in urban

aerosol chemistry and highlights the need to refine SOA predictions in NHz-polluted regions.

2 Materials and methods

Chamber experiments: All the experiments were conducted in FEP reactors under dark conditions, with background air

supplied by purified zero air. Here is only a brief introduction, and additional chamber details are provided in the supplementary
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material (Li et al., 2024b; Yu et al., 2024a). Styrene was injected into the reactor with zero air using a glass microsyringe, O3
was produced by an ozone generator with pure Oz, and NH3 was directly injected into the reactor. Experiments 1-5 were
conducted in a 1.2 m® chamber, monitoring the particle concentration and size, with particles collected on a 25 mm PTFE
membrane and extracted with pure methanol. Experiments 6-10 were performed in a 150 L chamber to obtain the molecular
composition changes of SOA by online measurements. Due to the selective reaction of I ions with peroxide bonds, Experiment
11 was conducted in a 1.2 m® chamber for iodometry Kinetic experiments. The particles were collected and extracted with
acetonitrile, and then treated with Kl to determine the peroxides (Li et al., 2024a). Detailed experimental conditions are
provided in Table S1.

Measuring instruments: Styrene was measured by a proton transfer reaction-mass spectrometer (PTR-MS P1000-L-Al,
Anhui Province Key Laboratory of Medical Physics and Technology), and O3 was measured with an O3 analyzer (Model 49C,
Thermo Scientific). The particle concentrations and size distributions were determined by a scanning mobility particle sizer
(Model 3936, TSI). The gas-phase organics were online ionized by a gas aerosol in-situ ionization source (GAIS), and then
measured by a high-resolution Orbitrap mass spectrometer (Orbitrap MS, Q-Exactive, Thermo Scientific). The particle-phase
organics were injected and separated by a high-performance liquid chromatography (HPLC, Thermo Scientific), ionized by a
heated electrospray ionization (ESI) source, and then the molecular composition were measured by Orbitrap MS.

Data Analysis and Toxicity calculation: Raw spectra were processed using Xcalibur (v4.1.31.9, Thermo Scientific). Tandem
MS (MS=Fwas used to determine molecular structures, and Mass Frontier (v7.0.5.9, Thermo Scientific) can simulate potential
product ions for molecule with known structure, which were then compared to the MS? spectra of molecular ion species to
confirm the final structures of the molecules. To evaluate the influence of NHs-SCI reactions, NHs-related reactions were
added into the Master Chemical Mechanism and simulated(Bloss et al., 2005; Jenkin et al., 2003; Jia et al., 2023; Jia and Xu,
2021). The OECD QSAR Toolbox (Version 4.7, http://gsartoolbox.org) is used for the calculation of molecular toxicity, and

additional details are presented in the supplementary material.

3 Results and discussion
3.1 NHs suppresses SOA formation from styrene

As NHjs concentrations increased, SOA yields decreased significantly from 4.9% (0 ppm NHs) to 1.0% (0.8 ppm NHj3), showing
an obvious inhibitory effect (Fig.1a). The observed yields with 0 ppm NHjz are within the range of those previously reported
for styrene ozonolysis under no NH3; conditions(Bracco et al., 2019; D Bz-de-Mera et al., 2017; Yu et al., 2022, 2024b), which
demonstrates the rationality of our experiment. A strong negative correlation was observed between NH3 levels and SOA yields
(R?=0.98), confirming significant suppression of SOA by the presence of NHs. A linear decrease in SOA yields indicates that
NHs directly breaks up the key pathways of SOA formation in styrene ozonolysis.

MS analysis reveals that NH3 suppresses SOA formation by affecting oligomerization pathways of styrene-derived SCls. As
shown in Fig.1lb, the most significant peaks CgH14O9Na* (m/z=253.052), CsH1207Na* (m/z=207.047) and CizH2001:Na*
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(m/z=375.089) exhibit regular mass differences corresponding to C1-SCI (CH,00, A m/z = 46.005) and C7-SCI (C7HsOO, A
m/z=122.036), consistent with our previous works that the oligomerization of SCls is the main mechanism for SOA formation
from styrene(Yu et al., 2022). These oligomers are significantly reduced by 51% with increasing NH3 concentrations, which
strongly supports the result that NH3 can inhibit the formation of oligomers from SCls.

Meanwhile, benzoic acid (C;HsO,, m/z=121.028), as the dominant compound in styrene-ozonolysis system, is significantly
suppressed by 51% with increasing NHs; concentration (Fig.1c), which is consistent with the trend of SOA yield inhibition
(50%). Since benzoic acid is mainly formed from the reaction of C;-SCI with H,0, the presence of NH3 apparently competes
with H,O for SCls and inhibits the formation of benzoic acid. In addition, to confirm the inhibition of NH3; competing with
H.0 for C7-SCI on benzoic acid, we further conducted comparative online observations. Experimental observation show that
benzoic acid was suppressed by over 90% under high NH3 concentration (10 ppm) and low relative humidity (2%) conditions
(Fig.1d). The simulation results from MCM show that high concentration NH3 (10 ppm) can suppress benzoic acid formation
over 70% at 2%RH, and 50% inhibition at 17%RH. This inhibition intensifies to 80% when comparing high-NH3z/2%RH to
low-NH3/17%RH conditions. The consistency between the results from ESI, GAIS and MCM simulation confirms the role of
NHs; in competitively reacting with C;-SCI.

Since C7-SCl-derived products (oligomers and benzoic acid) were greatly suppressed with the presence of NHs, where did C7-
SCls go? Our previous study on the isoprene-ozonolysis system found that NHs; can react with SCls to produce amines, thereby
inhibiting the original oligomerization pathway of SCls and reducing SOA yields(Li et al., 2024b). This is consistent with the
phenomenon observed in this study and may be due to the same mechanisms, indicating that the reaction between NH3 and
SCls may be common in alkenes.
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Figure 1: SOA yields from styrene ozonolysis under different NHs concentrations (a); Positive mode mass spectra of SOA from
styrene ozonolysis systems with 0 ppm (blue) and 0.4 ppm NHjs (red) (b), several top ion peaks assigned to SCI-derived oligomer are
marked in black; The mass spectra of benzoic acid from styrene ozonolysis systems with 0 ppm (blue) and 0.4 ppm NH3 (red) (c);
Online observation of benzoic acid in the experiments with low concentration NH3z with normal humidity (Ex.8, blue) and high

110 concentration NH3 with low humidity (Ex.10, red) (d).
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3.2 Validation of the reaction pathway between NHz and SCI

Referring to the reaction mechanism between C,-SCI and NH3 from isoprene, (Li et al., 2024b) C;-SCI should react with NH3
to produce a molecule C;HsO>N. Online GAIS-Orbitrap MS measurements identified a nitrogen-containing product at m/z
140.071 with the molecular formula C;H1002N* (Fig.2a), which is in good agreement with the predicted product C7HgO2N.
However, it should be noted that the ammonium adduct ion of benzoic acid is also 140, and its molecular formula is the same
as C7H1002N* (C7HsO2+NH4*, m/z 140.071). We worried that this might affect the determination of C;H10O2N*. Therefore, to
rule out the potential interference introduced by benzoic acid-ammonium adducts, we first compared the MS=spectra of m/z
140.071 (C7H100,N*) and benzoic acid. Since ammonium ions are easily separated, the MS? of the ammonium adduct ion of
benzoic acid may be mainly from m/z 123.044 (C7H;0O,"). Results show that the MS? C7H100,N* (m/z 140.071) is different to
the MS? C7H;02* (m/z 123.044) (Fig.2b). Different MS? spectra confirm that the molecule C7H1002N" is a unique new amine
species, rather than an ammonium adduct derived from benzoic acid. We also conducted online observations by introducing
NHs; into pure benzoic acid vapor and found that no signal at m/z 140.071was detected, thus excluding the possibility of
adducts. These prove that (C7H1002N") is not an adduct ion of benzoic acid and NH4*, but a newly generated species.

Based on our previous study on the reaction mechanism between NH3 and SCI from isoprene, the molecule C7H100,N* (m/z
140.071) should contain a peroxide bond. To determine the presence of peroxide bond in the molecule of C7H100.N*, we
further conducted iodometry kinetic experiments based on the selective reaction of |- ions with peroxide bonds. The
chromatographic results of iodometry kinetic experiments showed that the peak of C7H100.N* appeared at 21.07 min. While
in the control sample with added KI, its peak intensity at 21.07 min was suppressed by almost 100% (Fig.2a). This verifies the
presence of a peroxide bond in C7H1002N*, and meanwhile also confirms the molecular structure of the product from the

reaction between C7-SCI and NHs.
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Figure 2: Time series of online observation of C7H1002N*(a), and the chromatograms of molecule C7H1002N* (m/z 140.071) are
shown as an inset with the initial non-KlI-treated sample (black) and Kl-treated sample (red). MS3pectra of m/z 140.071 (C7H1002N*,
blue) and m/z 123.044 (C7H7Oz2*, black) in positive modes (b). Time series of online observation of C7HsN* and C7HsON* (c,e). The

135 comparison of the ion peaks in the MS? spectra of C7HgN* and C7HsON* (black bars) with the major simulated product ions of
C7HsN* and C7HsON* (red bars) (d,f). The mechanism of NHs effects on SOA from styrene ozonolysis in this study (g).
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3.3 Fate of the products of NHs and SCI

Since C7H1002N* contains a peroxide bond, which makes it unstable and likely to decompose to form more stable compounds.
Referring to the general decomposition principle of peroxides, the peroxide amine C7H100.N* should further decompose into
imines and amides due to its strong activity. Online MS measurements detected an imine C;HgN* (m/z=106.066) and an amide
C7HsON™ (m/z=122.060) as the dominant products (Fig.2 c, €). We compared the MS3pectra of C;HgN* and C;HsON* with
the simulated fragments of C7H7N with imine structure and of C;H,ON with amide structure from Mass Frontier, respectively.
Results show that the MS=pectra of C;HgN* and C;HsON* matched well with the simulation results by Mass Frontier (Fig.2
d, f). These results demonstrate that the unstable C7HyON further decomposes into C;H;N and C;H;ON. Previous theoretical
study calculated that the reaction between NH3; and C7-SCI may produce the products C;H7N and C;H;ON(Banu et al., 2018;
Ma et al., 2018), which further supports our findings.

Combining multiple experimental evidence, we propose the following reaction mechanism between NHs and styrene-derived
products and their role in SOA formation (Fig.2g). Styrene reacts with O3 to form C7-SCI, which then generates benzoic acid
and oligomerization to form SOA. However, the addition of NH3 leads to a competitive reaction between both NHs and H.O
with C;-SCI, forming an unstable peroxide amine C;HgO2N, which rapidly further produces more stable imine C;H;N and
amide C7H,ON. Furthermore, due to the presence of peroxide bonds and nitrogen, toxicity calculations show that the toxicity
of CsHsO2N, C7H7N, and C7H;ON (High, class I1) is significantly higher than that of benzoic acid (Low, class 1) based on
Cramer classification(Cramer et al., 1976).

The reaction pathway between NH3 and SCI identified in both isoprene and styrene systems indicates a general mechanism by
which NH; affects SOA molecular composition across in different olefin VOCs, highlighting the widespread impact of NH3
on aerosol chemistry, independent of the type of olefins. NH3 entering aerosols through reaction results in the generation of
NOCs (e.g., amines, imines), which changes aerosol composition and potentially enhances light absorption and
toxicity.(Updyke et al., 2012) NH3 reduces SOA vyields but increases NOC diversity. In recent years, NH3 emissions have
increased globally, driven by agricultural and industrial activities(Fu et al., 2017; Kuttippurath et al., 2020; Liu et al., 2018;
Meng et al., 2020). Our study suggests that increasing NHs; levels may suppress SOA from isoprene and styrene, and affect
regional aerosol budgets. Further research is needed to determine whether it has an impact on other olefins. Current models
ignore the role of NH3 in SOA chemistry, and may overestimate the formation of SOA in NHs-rich environments. Integrating
the novel NOC formation pathway from NH3 and SCI into the current model framework is crucial for improving climate and

health predictions of aerosols.

Financial support
This research has been supported by the National Natural Science Foundation of China (42461160326, 42477492, 42175125),

the Strategic Priority Research Program (B) of the Chinese Academy of Sciences (XDB0760200).



170

175

180

185

190

195

https://doi.org/10.5194/egusphere-2025-2240
Preprint. Discussion started: 13 June 2025 EG U h
© Author(s) 2025. CC BY 4.0 License. spnere

Data availability

The data that support the results can be found in the appendix of the supplementary material.

Author contribution

XL conducted experiments, data analysis, and drew graphs. LJ designs research, analyses data, and writes. YX designs and
modifies papers. All the authors participated in writing the paper.

Competing interests

The contact author has declared that none of the authors has any competing interests.

References

Banu, T., Sen, K., and Das, A. K.: Atmospheric Fate of Criegee Intermediate Formed During Ozonolysis of Styrene in the
Presence of H,O and NHs: The Crucial Role of Stereochemistry, J. Phys. Chem. A, 122, 8377-8389,
https://doi.org/10.1021/acs.jpca.8b06835, 2018.

Behera, S. N., Sharma, M., Aneja, V. P., and Balasubramanian, R.: Ammonia in the atmosphere: a review on emission sources,
atmospheric chemistry and deposition on terrestrial bodies, Environ Sci Pollut Res, 20, 8092-8131,
https://doi.org/10.1007/s11356-013-2051-9, 2013.

Bloss, C., Wagner, V., Jenkin, M. E., Volkamer, R., Bloss, W. J., Lee, J. D., Heard, D. E., Wirtz, K., Martin-Reviejo, M., Rea,
G., Wenger, J. C., and Pilling, M. J.: Development of a detailed chemical mechanism (MCMv3.1) for the atmospheric oxidation
of aromatic hydrocarbons, Atmos. Chem. Phys., 2005.

Bracco, L. L. B., Tucceri, M. E., Escalona, A., D Rz-de-Mera, Y., Aranda, A., Rodr guez, A. M., and Rodr guez, D.: New
particle formation from the reactions of ozone with indene and styrene, Phys. Chem. Chem. Phys., 21, 11214-11225,
https://doi.org/10.1039/C9CP00912D, 2019.

Cramer, G. M., Ford, R. A., and Hall, R. L.: Estimation of toxic hazard—A decision tree approach, Food and Cosmetics
Toxicology, 16, 255-276, https://doi.org/10.1016/S0015-6264(76)80522-6, 1976.

Cui, L., Wu, D., Wang, S., Xu, Q., Hu, R, and Hao, J.: Measurement report: Ambient volatile organic compound (VOC)
pollution in urban Beijing: characteristics, sources, and implications for pollution control, Atmos. Chem. Phys., 22, 11931
11944, https://doi.org/10.5194/acp-22-11931-2022, 2022.

D Bz-de-Mera, Y., Aranda, A., Martfiez, E., Rodr uez, A. A., Rodr fuez, D., and Rodr guez, A.: Formation of secondary
aerosols from the ozonolysis of styrene: Effect of SO2 and H20, Atmos. Environ., 171, 25-31,
https://doi.org/10.1016/j.atmosenv.2017.10.011, 2017.

Du, L., Xu, L., Li, K., George, C., and Ge, M.: NH3 Weakens the Enhancing Effect of SO, on Biogenic Secondary Organic
Aerosol Formation, Environ. Sci. Technol. Lett., 10, 145-151, https://doi.org/10.1021/acs.estlett.2c00959, 2023.

9



200

205

210

215

220

225

230

https://doi.org/10.5194/egusphere-2025-2240
Preprint. Discussion started: 13 June 2025 EG U h
© Author(s) 2025. CC BY 4.0 License. spnere

Ehn, M., Thornton, J. A., Kleist, E., Sipil§ M., Junninen, H., Pullinen, I., Springer, M., Rubach, F., Tillmann, R., Lee, B.,
Lopez-Hilfiker, F., Andres, S., Acir, I.-H., Rissanen, M., Jokinen, T., Schobesberger, S., Kangasluoma, J., Kontkanen, J.,
Nieminen, T., Kurtén, T., Nielsen, L. B., Jargensen, S., Kjaergaard, H. G., Canagaratna, M., Maso, M. D., Berndt, T., Pet§a
T., Wahner, A., Kerminen, V.-M., Kulmala, M., Worsnop, D. R., Wildt, J., and Mentel, T. F.: A large source of low-volatility
secondary organic aerosol, Nature, 506, 476-479, https://doi.org/10.1038/nature13032, 2014.

Fu, X., Wang, S., Xing, J., Zhang, X., Wang, T., and Hao, J.: Increasing Ammonia Concentrations Reduce the Effectiveness
of Particle Pollution Control Achieved via SO, and NO x Emissions Reduction in East China, Environ. Sci. Technol. Lett., 4,
221-227, https://doi.org/10.1021/acs.estlett. 7600143, 2017.

Hallquist, M., Wenger, J. C., Baltensperger, U., Rudich, Y., Simpson, D., Claeys, M., Dommen, J., Donahue, N. M., George,
C., Goldstein, A. H., Hamilton, J. F., Herrmann, H., Hoffmann, T., linuma, Y., Jang, M., Jenkin, M. E., Jimenez, J. L., Kiendler-
Scharr, A., Maenhaut, W., McFiggans, G., Mentel, T. F., Monod, A., Prevot, A. S. H., Seinfeld, J. H., Surratt, J. D., Szmigielski,
R., and Wildt, J.: The formation, properties and impact of secondary organic aerosol: current and emerging issues, Atmos.
Chem. Phys., 9, 5155-5236, https://doi.org/10.5194/acp-9-5155-2009, 2009.

IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, Il and 111 to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva,
Switzerland, 184 pp., doi: 10.59327/IPCC/AR6-9789291691647.

Jenkin, M. E., Saunders, S. M., Wagner, V., and Pilling, M. J.: Protocol for the development of the Master Chemical
Mechanism, MCM v3 (Part B): tropospheric degradation of aromatic volatile organic compounds, Part B, 2003.

Jia, L. and Xu, Y.: A core-shell box model for simulating viscosity dependent secondary organic aerosol (CSVA) and its
application, Sci. Total Environ., 789, 147954, https://doi.org/10.1016/j.scitotenv.2021.147954, 2021.

Jia, L., Xu, Y., and Duan, M.: Explosive formation of secondary organic aerosol due to aerosol-fog interactions, Sci. Total
Environ., 866, 161338, https://doi.org/10.1016/j.scitotenv.2022.161338, 2023.

Kroll, J. H. and Seinfeld, J. H.: Chemistry of secondary organic aerosol: Formation and evolution of low-volatility organics in
the atmosphere, Atmos. Environ., 42, 3593-3624, https://doi.org/10.1016/j.atmosenv.2008.01.003, 2008.

Krupa, S. V.: Effects of atmospheric ammonia (NH3) on terrestrial vegetation: a review, Environmental Pollution, 124, 179—
221, https://doi.org/10.1016/S0269-7491(02)00434-7, 2003.

Kuttippurath, J., Singh, A., Dash, S. P., Mallick, N., Clerbaux, C., Van Damme, M., Clarisse, L., Coheur, P.-F., Raj, S.,
Abbhishek, K., and Varikoden, H.: Record high levels of atmospheric ammonia over India: Spatial and temporal analyses, Sci.
Total Environ., 740, 139986, https://doi.org/10.1016/j.scitotenv.2020.139986, 2020.

Laskin, A., West, C. P., and Hettiyadura, A. P. S.: Molecular insights into the composition, sources, and aging of atmospheric
brown carbon, Chem. Soc. Rev., 54, 1583-1612, https://doi.org/10.1039/D3CS00609C, 2025.

Laskin, J., Laskin, A., Nizkorodov, S. A., Roach, P., Eckert, P., Gilles, M. K., Wang, B., Lee, H. J. (Julie), and Hu, Q.:
Molecular  Selectivity of Brown Carbon Chromophores, Environ. Sci. Technol., 48, 12047-12055,
https://doi.org/10.1021/es503432r, 2014.

10



235

240

245

250

255

260

265

https://doi.org/10.5194/egusphere-2025-2240
Preprint. Discussion started: 13 June 2025 EG U h
© Author(s) 2025. CC BY 4.0 License. spnere

Li, K., Chen, L., White, S. J., Yu, H., Wu, X., Gao, X., Azzi, M., and Cen, K.: Smog chamber study of the role of NH3 in new
particle formation from photo-oxidation of aromatic hydrocarbons, Sci. Total Environ., 619-620, 927-937,
https://doi.org/10.1016/j.scitotenv.2017.11.180, 2018.

Li, K., Zheng, Z., Resch, J., Ma, J., and Kalberer, M.: Molecular composition of organic peroxides in secondary organic
aerosols revealed by peroxide-iodide reactivity, https://doi.org/10.26434/chemrxiv-2024-féwfw, 18 October 2024a.

Li, X., Jia, L., Xu, Y., and Pan, Y.: A novel reaction between ammonia and Criegee intermediates can form amines and suppress
oligomers from isoprene, Sci. Total Environ., 956, 177389, https://doi.org/10.1016/j.scitotenv.2024.177389, 2024b.

Li, Y., Fu, T.-M,, Yu, J. Z,, Zhang, A., Yu, X,, Ye, J., Zhu, L., Shen, H., Wang, C., Yang, X., Tao, S., Chen, Q., Li, Y., Li, L.,
Che, H., and Heald, C. L.: Nitrogen dominates global atmospheric organic aerosol absorption, Science, 387, 989-995,
https://doi.org/10.1126/science.adr4473, 2025.

Liu, M., Huang, X., Song, Y., Xu, T., Wang, S., Wu, Z., Hu, M., Zhang, L., Zhang, Q., Pan, Y., Liu, X., and Zhu, T.: Rapid
SO, emission reductions significantly increase tropospheric ammonia concentrations over the North China Plain, Atmos. Chem.
Phys., 18, 17933-17943, https://doi.org/10.5194/acp-18-17933-2018, 2018.

Liu, S., Huang, D., Wang, Y., Zhang, S., Liu, X., Wu, C., Du, W., and Wang, G.: Synergetic effects of NH3 and NOx on the
production and optical absorption of secondary organic aerosol formation from toluene photooxidation, Atmos. Chem. Phys.,
21, 17759-17773, https://doi.org/10.5194/acp-21-17759-2021, 2021.

Liu, X., Wang, H., Wang, F., Lv, S., Wu, C., Zhao, Y., Zhang, S., Liu, S., Xu, X., Lei, Y., and Wang, G.: Secondary Formation
of Atmospheric Brown Carbon in China Haze: Implication for an Enhancing Role of Ammonia, Environ. Sci. Technol., 57,
11163-11172, https://doi.org/10.1021/acs.est.3c03948, 2023.

Lv, S., Wang, F., Wu, C., Chen, Y., Liu, S., Zhang, S., Li, D., Du, W., Zhang, F., Wang, H., Huang, C., Fu, Q., Duan, Y., and
Wang, G.: Gas-to-Aerosol Phase Partitioning of Atmospheric Water-Soluble Organic Compounds at a Rural Site in China: An
Enhancing Effect of NH 3 on SOA Formation, Environ. Sci. Technol., 56, 3915-3924, https://doi.org/10.1021/acs.est.1c06855,
2022.

Ma, Q., Lin, X., Yang, C., Long, B., Gali, Y., and Zhang, W.: The influences of ammonia on aerosol formation in the ozonolysis
of styrene: roles of Criegee intermediate reactions, R. Soc. open sci., 5, 172171, https://doi.org/10.1098/rs0s.172171, 2018.
Meng, Z., Wu, L., Xu, X., Xu, W., Zhang, R., Jia, X., Liang, L., Miao, Y., Cheng, H., Xie, Y., He, J., and Zhong, J.: Changes
in ammonia and its effects on PM2.5 chemical property in three winter seasons in Beijing, China, Sci. Total Environ., 749,
142208, https://doi.org/10.1016/j.scitotenv.2020.142208, 2020.

Okada, Y., Nakagoshi, A., Tsurukawa, M., Matsumura, C., Eiho, J., and Nakano, T.: Environmental risk assessment and
concentration trend of atmospheric volatile organic compounds in Hyogo Prefecture, Japan, Environ Sci Pollut Res, 19, 201
213, https://doi.org/10.1007/s11356-011-0550-0, 2012.

Sun, J., Wu, F., Hu, B., Tang, G., Zhang, J., and Wang, Y.: VOC characteristics, emissions and contributions to SOA formation
during hazy episodes, Atmos. Environ., 141, 560-570, https://doi.org/10.1016/j.atmosenv.2016.06.060, 2016.

11



270

275

280

285

290

https://doi.org/10.5194/egusphere-2025-2240
Preprint. Discussion started: 13 June 2025 EG U h
© Author(s) 2025. CC BY 4.0 License. spnere

Tajuelo, M., Rodr Quez, D., Baeza-Romero, M. T., D Bz-de-Mera, Y., Aranda, A., and Rodr guez, A.: Secondary organic
aerosol formation from styrene photolysis and photooxidation with hydroxyl radicals, Chemosphere, 231, 276-286,
https://doi.org/10.1016/j.chemosphere.2019.05.136, 2019.

Tuazon, E. C., Arey, J., Atkinson, R., and Aschmann, S. M.: Gas-phase reactions of 2-vinylpyridine and styrene with hydroxyl
and NO3 radicals and ozone, Environ. Sci. Technol., 27, 1832-1841, https://doi.org/10.1021/es00046a011, 1993.

Updyke, K. M., Nguyen, T. B., and Nizkorodov, S. A.: Formation of brown carbon via reactions of ammonia with secondary
organic  aerosols  from  biogenic and  anthropogenic  precursors,  Atmos.  Environ.,, 63, 22-31,
https://doi.org/10.1016/j.atmosenv.2012.09.012, 2012.

Wu, R. and Xie, S.: Spatial Distribution of Secondary Organic Aerosol Formation Potential in China Derived from Speciated
Anthropogenic ~ Volatile  Organic  Compound  Emissions,  Environ.  Sci.  Technol., 52, 8146-8156,
https://doi.org/10.1021/acs.est.8b01269, 2018.

Yu, S., Jia, L., Xu, Y., and Pan, Y.: Formation of extremely low-volatility organic compounds from styrene ozonolysis:
Implication for nucleation, Chemosphere, 305, 135459, https://doi.org/10.1016/j.chemosphere.2022.135459, 2022.

Yu, S., Jia, L., Xu, Y., and Pan, Y.: Molecular interaction between ammonium sulfate and secondary organic aerosol from
styrene, Sci. Total Environ., 954, 176414, https://doi.org/10.1016/j.scitotenv.2024.176414, 2024a.

Yu, S., Jia, L., Xu, Y., and Pan, Y.: Oligomer formation from cross-reaction of Criegee intermediates in the styrene-isoprene-
O3 mixed system, Chemosphere, 349, 140811, https://doi.org/10.1016/j.chemosphere.2023.140811, 2024b.

Yu, X., Li, Q., Liao, K., Li, Y., Wang, X., Zhou, Y., Liang, Y., and Yu, J. Z.: New measurements reveal a large contribution
of nitrogenous molecules to ambient organic aerosol, npj Clim Atmos Sci, 7, 72, https://doi.org/10.1038/s41612-024-00620-
6, 2024c.

Zhang, Y., Cheng, M., Gao, J., and Li, J.: Review of the influencing factors of secondary organic aerosol formation and aging
mechanism based on photochemical smog chamber simulation methods, J. Environ. Sci., 123, 545-559,
https://doi.org/10.1016/j.jes.2022.10.033, 2023.

12



