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32  Abstract

33  Stressed plants and polymer production can emit many unsaturated volatile organic
34  esters (UVOEs). However, secondary organic aerosol (SOA) formation of UVOEs
35  remain unclear, especially under complex ambient conditions. In this study, we mainly
36 investigated ethyl methacrylate (EM) ozonolysis. Results showed that a substantial
37  increase in secondary H2SOx4 particles promoted SOA formation with increasing SOz.
38  Animportant reason was that the homogeneous nucleation of more H2SO4 at high SO-
39 level provided greater surface area and volume for SOA condensation. However,
40  increased primary H2SO4 with seed acidity enhanced EM uptake, but reduced SOA
41  formation. This was ascribed to the fact that the ozonolysis of more adsorbed EM was
42 hampered with the formation of surface H2SOs at higher particle acidity. Moreover, the
43  increase in secondary H2SOas particle via homogeneous nucleation favored to the
44 oligomerization of oxidation products, whereas the increasing of primary H2SO4 with
45  acidity in the presence of seed tended to promote the functionalization conversion
46  products. This study indicated that the role of increased H2SO4 to EM-derived SOA
47  maybe not the same under different ambient conditions, which helps to advance our

48  understanding of the complicated roles of H2SO4 in the formation of EM-derived SOA.
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68 1. Introduction

69  Unsaturated volatile organic esters (UVOEs) are oxygenated volatile organic
70 compounds (OVOCSs) with many large-scale commercial uses. They are not only used
71 as potential replacements of traditional solvents and additive in diesel fuels but are
72 widely used in the production of polymers and resins (Wang et al., 2010;Teruel et al.,
73 2016;Blanco et al., 2014;Taccone et al., 2016;Colomer et al., 2013;Srivastava, 2009).
74 Thus, the production, processing, storage, and disposal of industrial products all
75  contribute to UVOE emissions. In addition, emissions of green leaf volatiles (GLVS),
76 a class of wound-induced OVOCs, also contribute to UVOEs in the atmosphere
77 (Hamilton et al., 2009;Kénig et al., 1995;Arey et al., 1991). Once emitted into the
78  atmosphere, these UVOEs quickly undergo complex chemical reactions with OH
79  radicals and ozone in sunlight (Blanco et al., 2010;Bernard et al., 2010;Sun et al., 2015),
80  NOs radicals during night-time (Wang et al., 2010;Salgado et al., 2011), and CI atoms
81  incertain environments (Blanco et al., 2010;Rivela et al., 2018). OH-initiated oxidation
82  of GLVs, including cis-3-hexenylacetate (CHA) to secondary organic aerosol (SOA),
83 isestimated to contribute 1-5 TgCly, with up to a third of that from isoprene (Hamilton
84  etal., 2009). In addition, CHA-derived SOA is a more efficient absorber (between 190
85 and 900 nm) than other OVOCs (such as cis-3-hexenol) due to the high proportion of
86  carbonyl-containing species (Harvey et al., 2016). Thus, UVOEs can be considered as
87 a class of potential SOA precursors. Further investigations on UVOE-derived SOA
88  under complex ambient conditions will help to better understand their contribution to
89  ambient aerosol.

90 Recent studies ascertained that the presence of SOz and sulfate seed particles all
91  have a significant impact on the yield, composition, and formation mechanism of SOA
92  (Zhang et al., 2019;Kristensen et al., 2014;Wong et al., 2015;Han et al., 2016). For
93  example, an increase in SO2 can enhance SOA production due to the formation of more
94  sulfates and the enhanced acid-catalysis role during the atmospheric oxidation of

95  various VOCs (Chu et al., 2016;Zhao et al., 2018;Lin et al., 2013). In the presence of

3/25



https://doi.org/10.5194/acp-2020-929
Preprint. Discussion started: 18 September 2020
(© Author(s) 2020. CC BY 4.0 License.

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

124

alone seed particles, however, increased particle acidity will not always enhance SOA
formation and may have a negligible effect on the SOA formation (Zhang et al.,
2019;Kristensen et al., 2014;Wong et al., 2015;Han et al., 2016;Surratt et al.,
2010;Eddingsaas et al., 2012;Riva et al., 2016). Furthermore, it is worth noting that
several studies have indicated that an increase in SOz can promote the average oxidation
state (OSc) of SOA due to organosulfate formation (Zhang et al., 2019;Shu et al.,
2018;Liu et al., 2019a). whereas other studies have suggested that an increase SOz can
have a suppression effect on SOA OS. (Friedman et al., 2016). Similarly, the effect of
increased aerosol acidity on SOA OS. depends on the contribution of functionalization
and oligomerization reactions to SOA composition as increased aerosol acidity can
promote these reactions (Shu et al., 2018). This implies that the roles of increased
sulfate particles and particle acidity in SOA production and composition are very
complicated and need to be further studied.

Methacrylate was one of the main effluents in the class of UVOEs. Just in China,
the net import of methacrylate has up to about 930 thousand tons in 2019. It was worth
noting that ethyl methacrylate, one of methacrylate, has been widely detected in
ambient air due to the wide variety of sources and high volatility (Pankow et al., 2003).
Moreover, some exposure measurement studies indicated that the concentration of ethyl
methacrylate was up to 31-108 pg m™ in the salons working air, which was notably
higher than other methacrylate (Henriks-Eckerman and Korva, 2012). Thus, we used
ethyl methacrylate (EM) as an UVOE proxy to investigate the effects of different SO2
levels and seed particle acidity on the formation and evolution of EM-derived SOA in
this work. This work will help to better understanding the formation of EM-derived

SOA under complex conditions.

2 Materials and methods
Multiple EM ozonolysis experiments were conducted in a 30-m® cuboid Teflon smog
chamber (L xW xH = 3.0 x2.5 x4.0 m) under 298 K temperature and atmospheric

pressure. Experimental conditions are summarized in Table S1. The chamber operation,
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analytical techniques, and experimental procedures are described in detail elsewhere
(Chen et al., 2019). Only a brief description on the specific procedures relevant to this
work is presented here.

Prior to each experiment, the smog chamber was cleaned for at least 24 h until
certain conditions were reached (i.e., <30 particle cm™ and Os, NOx, and SO
concentrations of <1 ppb). The O3 (generated by passing 4 L min™! dry zero air over two
UV photochemical tubes (40-cm length and 4-cm inter-diameter)), SO2 (520 ppm in Na,
Beijing Huayuan, China), and CO (0.05% in N2, Beijing Huayuan, China) were added
into the chamber in sequence. EM were first added into a stainless-steel tee at 80 °C
and subsequently flushed into the chamber by zero gas with the flowrate of 20 L min™’.
We applied CO to decrease the effect of OH radical reaction via scavenging of OH
radicals. The EM (98% purity, Sigma-Aldrich, USA) was added to the chamber by
injection of a known volume into a heated three-way tube (80 °C) and flushed into the
chamber by dry zero air. A fan made of stainless steel coated using Teflon was fixed at
the bottom of the chamber, which is used to ensure homogeneous mixing of reactants.

To minimize losses in the sampling line, various monitoring instruments
surrounded and are next to the smog chamber. The length of sampling pipes of various
monitoring instruments ranged from 0.5-1.0 m. A scanning mobility particle sizer
(SMPS, TSI, Inc.), consisting of a nano-differential mobility analyzer (DMA; model
3082), condensation particle counter (CPC; model 1720), and Po210 bipolar neutralizer,
was applied to measure number size distribution. Total particle number and mass
concentrations were calculated assuming a uniform density for aerosol particles of 1.4
g cm® (Liu et al., 2019b;Chen et al., 2019). The sheath flow and aerosol flow in the
SMPS were set to 3.0 and 0.3 L min™, respectively. The SMPS results were further
corrected via the wall loss rate of (NH4)2SO4 particles and the correction magnitude is
about 10% in 5 h-reaction (Figure S1). Based on the different characterized fragments,
both mass concentration and evolution of the different chemical compositions of
aerosol particles were simultaneously measured online using High-Resolution Time-

of-Flight Aerosol Mass Spectrometric Analysis (HR-ToF-AMS; Aerodyne Research
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Inc., USA). The AMS working principles and modes of operation are explained in detail
elsewhere. According to standard protocols, the inlet flow rate, ionization efficiency
(IE), and particle sizing were calibrated using size-selected pure ammonium nitrate (AN)
particles (Drewnick et al., 2005). The HR-ToF-AMS analysis toolkit SQUIRREL
1.571/PIKA v1.161 in Igor Pro v6.37 was employed to process and analyze the
experimental data obtained by the HR-ToF-AMS. To reduce the sampling errors
resulting from calibrating HR-TOF-AMS before each experiment, the HR-ToF-AMS
results were further corrected using mass concentration derived from the SMPS as per
Gordon et al (Gordon et al., 2014). A series of gas analyzers from Thermo Scientific
(USA) were used to monitor the evolution of SOz (model 43i), CO (model 48i), and O3
(model 49i) concentrations as a function of reaction time. Moreover, to make sure
results reliable and rule out potential artifacts including the adding sequence of CO, O3,
and SOz during experimental preparation and the injection process of EM, parallel
experiments (twice experiments at the same experimental conditions) under selected
experimental conditions (135 ppb SOz and in the presence of AS seeds, respectively)

were conducted (Figure S2 and S3).

3. Results and discussion

3.1. Overview of EM-derived SOA Formation with and without Seed Particles
We first investigated the ozonolysis of alone EM. As shown in Figure S4, the
ozonolysis of alone EM could not produce SOA in the absence of seed and SOs:.
Similarly, the increased particle acidity did not promote SOA formation during the
ozonolysis of alone EM in the absence of SOz (Figure S5). Thus, this study mainly
focused on EM ozonolysis in the presence of SO2. Secondary particle formation from
EM ozonolysis with different SO2 levels was first investigated in the absence of seed
particles. As shown in Figure 1, SOA and sulfate were significantly produced once EM
was introduced into the reaction chamber. Moreover, both SOA and sulfate formation
were markedly enhanced with the increase in initial SOz concentration (Figure 1A and

B). This indicated that EM-derived SOA formation was closely related to sulfate
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formation compared with that the ozonolysis of alone EM. Subsequently, EM
ozonolysis with the same level of SOz was also conducted in the presence of seed
particles with different acidity (neutral and acidic). Two different solutions, including
AS (0.02 mol LY and AS + H2S04 (0.02 + 0.04 mol L), were nebulized into the
chamber, respectively, to provide the corresponding seed aerosol for acidity
experiments. The initial seed concentrations have been added in the Table S1.
Interestingly, with the increase of seed acidity, the maximum mass concentrations of
SOA and sulfate decreased from 19.1 to 12.9 ug m™3 (Figure 1C) and 192.6 to 169.7 ug
m~3 (Figure 1D), respectively. This indicated that increased particle acidity suppressed
secondary particle formation in the presence of SOz, which was inconsistent with the
enhancement effect of particle acidity via acid-catalysis on SOA formation during
alkene photooxidation (such as isoprene, isoprene epoxydiols, and glyoxal) (Kristensen
et al., 2014;Lin et al., 2011;Riva et al., 2016;Wong et al., 2015). In order to evaluate
whether the effect is atmospherically relevant, these experiments of seed particle role
were also conducted at higher RH (45-50% RH). As shown in Figure S6, it could be
found that increased particle acidity also suppressed the formation of SOA and sulfate
at higher RH. Moreover, the lower the concentration of both SOA and sulfate at 45%
RH relative to 10% RH proved that increased RH was adverse to SOA and sulfate
formation (Figure S7).Thus, these results imply that the increase of primary H2SO4
proportion with particle acidity in seed particles and the increase of secondary H2SO4
particles with SOz concentration exhibited the opposite role in EM-derived SOA

formation.
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206  Figure 1. Time-dependent growth curves of SOA (A) and sulfate (B) under different
207 initial concentrations of SOz in absence of seed particles; SOA (C) and sulfate (D) after
208  subtracting seeds in presence of neutral and acidic seed particles.

209  As shown in Figure 2, the size distributions of secondary particles under different
210  experimental conditions were also compared. The detected maximum particle
211  concentration (790 000 particle cm3) under 135 ppb SO2 was higher than that observed
212 under 55 ppb SO2 (300 000 particle cm) in the absence of seed particles (Figure 2A
213 and B). Recent studies suggested that the reaction between SO: and stable Criegee
214 intermediates (sCI) dominated the formation of H2SO4 particles and was enhanced with
215  increased SO2 concentration. An important reason for this is the rapid homogeneous
216  nucleation of H2SO4 not only can provide greater surface area and volume for the
217  condensation of low-volatile products, but reduce the fraction of these semi-volatile
218  species lost to the wall (Zhang et al., 2019;Chu et al., 2016;Liu et al., 2017;Zhang et al.,
219  2014). In the presence of seed particles, we used similar average concentration
220  (~25000-30000 particles cm™®) and mode diameter (45 nm) of seed particles under
221  different acidities to reduce the disturbance of seed particle concentration (Figure 2C
222 and 2D). Results showed ~300 000 newly produced particles cm for neutral AS seeds

223  (Figure 2C) and ~74 000 newly produced particles cm for acidified AS seeds (Figure
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2D), respectively. The reduction of NPF in the presence of acidic particles most likely
result from that acidic seed particles promoted the condensation of gaseous nucleation
species onto seed surface. However, this could not explain why both SOA and sulfate
were all suppressed with the increase in particle acidity. Thus, one reasonable
explanation is that acidic seed particles also enhanced EM uptake on the particle surface
as well as promoting the condensation of nucleation species. As a result, the
heterogeneous formation of fresher H2SO4 on the surface of seed particles subsequently
reduced SOA formation by hampering the ozonolysis of absorbed EM. To further
supported this speculation, the experiments on EM uptake and degradation on different
acidic seed particle were also checked using Fourier spectra and Mass spectrum
instruments. Result indicated that higher particle acidity indeed promoted EM uptake
on the particle surface and the presence of SOz resulted in the residual of more adsorbed
EM on particle surface (Figure S8 and S9).

In addition, as shown in Figure S5, the negligible change of SOA with acidity in
the absence of SOz also supported that the reducing effect of increasing particle acidity
on secondary particle formation was closely related to the formation of H2SO4 particles
in the presence of SO2. And some recent studies proved that some surface secondary
reactions involved Sci (Wang et al., 2016;Hearn et al., 2005), thus we couldn’t
completely exclude the possibility that the suppressing role is likely related to the role
of increased acidity to sCI lifetime, which needed to be further explored in the future.
Moreover, the ozonolysis experiments of a-pinene at 45% RH in the presence of SO2
with seed particles of different acidity were also carried out. Experimental results
indicated that increased particle acidity also suppressed the formation of both SOA and
sulfate during o-pinene ozonolysis at higher RH (Figure S10). This indicated the
reducing effect of increasing particle acidity to secondary particle in the presence of
SOz also could happen for other systems. Taken together, these results imply that the
SOA formation under different SOz levels and different particle acidities may be closely

related to the homogeneous or heterogeneous formation of H2SOa.
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253  Figure 2. Size distribution of secondary aerosol as a function of time at 55 ppb SO2 (A)
254 and 135 ppb SOz (B) and under AS seed particle (C) and Acidic AAS seed particle (D).
255

256 3.2. Chemical Interpretation and Elemental Analysis of SOA

257 Recent studies have suggested that a higher proportion of H2SOa4 in aerosol can
258  result in greater formation of oligomers and high-oxygenated organic aerosol via
259  acceleration of the acid-catalysis process (Zhang et al., 2019;Liu et al., 2019a;Shu et
260  al., 2018). In order to make clear whether the homogeneous or heterogeneous formation
261  of H2SO4could also affect SOA composition. we further analyze SOA composition and
262  evolution based on positive matrix factorization (PMF) solution and Van Krevelen
263  diagrams (Zhang et al., 2005;Heald et al., 2010). The methodological of PMF analysis
264  has been put into Supporting Information (Figure S11 and S12). The time series and
265  mass spectra of each Factor after PMF analysis were applied to characterize the factor
266  constitution and chemical conversion among factors (Ulbrich et al., 2009;Zhang et al.,
267  2011).

268  Positive matrix factorization (PMF) solution

269 In the absence of seed particles, two factors were identified under different SO2
270  concentrations. As shown in Figure 3A, the 43 (C2H30") higher signals (tracers for

271  alcohols and aldehydes) and prominent fragmental peaks containing one-oxygen atom
10 / 25
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(i.e., C2H40, C2H50, CsHsO, CsHsO, CsH70, C4HO, and CsH100) observed in Factor
1 implied that Factor 1 consisted of less-oxygenated organic aerosols. The 44 (COz")
higher signals, tracers for organic acids, and dominant peaks containing multi-oxygen
atoms (i.e., CsHsOs, C3HsOs, and C4H1003) observed in Factor 2 implied that Factor 2
consisted of more-oxygenated organic aerosols. From the temporal variations in Figure
3B, both Factor 1 and 2 continuously increased with reaction progress before 200 min,
implying that both factors were simultaneously produced during EM ozonolysis. After
200 min, Factor 1 continuously increased but Factor 2 decreased, suggesting that the
chemical conversion of part of less-oxygenated species in Factor 2 to more-oxygenated
products in Factor 1 in the latter period of reaction. Moreover, the average elemental
compositions of Factor 1 and Factor 2 were estimated to be C220H30053S0.01 and
C1.38H1.8700.37S0.027, respectively. Higher OS¢ of Factor 2 (-0.81) relative to that Factor
1 (-0.85) also supported above conclusion. This also implied that the chemical
conversion from Factor 2 to Factor 1 could occur only when the H2SOa4 proportion
(acidity) in the particle-phase reached a certain concentration (Offenberg et al.,
2009;Liu etal., 2019a). As shown in Figure 3C, the maximum production of both Factor
1 and Factor 2 increased with increasing SO2. One reasonable explanation is that the
formation of more H2SO4 particles with increasing SOz provided a greater surface area
and volume for the simultaneous condensation of both less-oxygenated and more-
oxygenated organic products (Zhang et al., 2019;Chu et al., 2016;Liu et al., 2017). This
also indicated that the chemical conversion between the two factors could be ignored

in the absence of seed particles.
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Figure 3. Two-factor solutions for PMF analyses of SOA under different SO2
concentrations: (A) Different mass spectra between two factors (Factor 2-Factor 1) at
135 ppb SO2; (B) Time series of factor concentrations; (C) Maximum concentration of
two factors at 55 ppb and 135 ppb SOa.

In the presence of seed particles, the chemical evolution of SOA components under
different acidity conditions was also compared based on PMF analysis. From the
temporal variations in Figure 4A, three factors were identified and almost
simultaneously increased. Based on the mass spectra of the three factors (Figure 4B),
the fragments containing less-oxygenated species in Factor 1 (such as typical fragment
C2H30" (m/z 43)) were more abundant than in Factor 2. In contrast, the fragments
containing more-oxygenated species in Factor 2 (such as typical fragment CO2" (m/z
44)) were more abundant than in Factor 1. Thus, Factor 1 and 2 were tentatively
assigned to less-oxygenated and more-oxygenated organic aerosols, respectively. This
proved that the increase in particle acidity simultaneously promoted the formation of
both less and more-oxygenated species, similar to that in the SOz experiments. However,
it is worth noting that higher acidity significantly promoted the chemical conversion of
less-oxygenated species (Factor 1) to more-oxygenated species (Factor 2) via
functionalization based on the comparison between the neutral and acidic seed particles

(Figure 4C). As shown in Figure 4B, the ion at m/z 114 (CsH1002) was assigned to
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precursor-related ions. The highest ion signal fraction (m/z 114) in Factor 3 and the
similar mass spectrum between EM and Factor 3 in Figure S13 implied that Factor 3
represented precursor-related species (Figure 4C).

Based on the comparison of Factors between seed experiments and SO, it should
be noted that Factor 1 and Factor 2 in the seed experiments differed from that in the
SOz experiment. For SO2 experiments, acidity appeared to convert Factor 2 to Factor
lafter 200 minutes, but in seed experiments, the more H2SO4 caused the formation of
more Factor 2 and less Factor 1. Thus, we concluded that, for the same Factor in two
types of experiments, the corresponding composition should be different each other.
One possible explanation for this was that the increase in primary and secondary H2SO4
particles could also affect SOA composition to some extent, such as via changing the

reaction pathway of sCI.
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Figure 4. Three-factor solutions for PMF analyses of SOA under different seed
particles: (A) Time series of factor concentrations under acidic AAS; (B) Mass spectra
of three factors; (C) Comparison of maximum concentration of two factors under
neutral AS (black) and acidic AAS (red).

Elemental analysis in Van Krevelen diagrams

The rate at which the H/C ratio changes with the O/C ratio in Van Krevelen
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diagrams can provide new information about the functional groups formed during
oxidation (Lambe et al., 2012;Lambe et al., 2011;L.i et al., 2019;Chen et al., 2011). As
shown in Figure 5A and 6A, the average (H/C)/(O/C) slopes under different
experimental conditions all approached -2. A slope of -2 is due to the formation of
carbonyl species (Ng et al., 2011). This is consistent with the acknowledged reaction
mechanism of alkene ozonolysis in the presence of SOz, in which many carbonyl
species and H2SOs particles are produced.(Sadezky et al., 2006;Sadezky et al.,
2008;Newland et al., 2015a;Newland et al., 2015b) To verify whether increased OS¢
was related to particle pH, particle pH was estimated using the E-AIM model (Model
I1: H* — NH4* — SO4*— NOs” — H20) when secondary particle formation peaked under
different SOz concentrations (Peng et al., 2019;Hennigan et al., 2015). Since no
organics are considered in Model II, there was an inherent assumption here that the
acidity and the water uptake was dominated by the inorganic ions. From Figure 5B, it
could be found that the averaged oxidation state (OSc) of SOA increased with
decreasing particulate pH in the absence of seeds. Similar trend was also observed in
the presence of seed particles (Figure 6B). This indicated that increased OS¢ was closely
related to increased particles acidity either in the presence or absence of seed particles.
These results also indicated that both functionalization and oligomerization associated
with carbonyls groups dominate the formation of EM-derived SOA. Moreover, it is
worth noting that O/C increased when H/C decreased with increased particle acidity in
the absence of seed particles. In contrast, the O/C ratio increased but the H/C ratio
basically remained stable with increased particle acidity in the presence of seed
particles. These result implied that increased particle acidity tended to promote the
formation of more highly oxidized products via oligomerization in the absence of seed
particles and tended to promote the formation of more highly oxidized products via
functionalization in the presence of seed particles (Darer et al., 2011;Zhang et al.,
2019;Shu et al., 2018). However, the promoting contribution of SOA functionalization
conversion of total SOA could be ignored compared with the reducing effect of acidic

particles. Some studies showed that increased OS¢ was closely related to the formation
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of organosulfate (Zhang et al., 2019;L.iu et al., 2019a;Shu et al., 2018). However, the
similar S/C ratio and sulfate fragments distribution between neutral and acidic seed

experiments excluded the contribution of organosulfate formation to increased OSc

(Figure S14).
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Figure 5. Van Krevelen diagrams of elemental ratios under different initial
concentrations of SOz (A); change in H/C ratio (black), O/C ratio (red), OS¢ (blue), and

particle pH (green) as a function of initial SO2 concentration (B).
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Taken together, in the absence of seed particles, the homogeneous formation of

more H2SO4 particles not only promoted the quick condensation of less- and more-

oxygenated products and subsequent SOA formation via providing a greater surface

area and volume, but enhanced the oligomerization process (Figure 7). In the presence

of seed particles, the presence of more primary H2SOs in seed particle enhanced EM

uptake and functionalization process, but reduced SOA production due to the formation

of surface H2SOs. This further indicated that the increase in primary and secondary

H2SOu4 particles could significantly affect SOA formation and composition.
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Figure 7. Proposed the role of H2SO4 formation on EM-derived SOA

3.3. Reaction Mechanism of EM Ozonolysis

In order to make clear the formation mechanism of EM-derived SOA, the
evolutions of some molecular ion peaks have been checked in detail. As shown in
Figure S15, the increase of their mass concentrations with reaction time indicated that
these molecular ions peaks with m/z 116, 130, 132, 140, 146, 148, 158, 162, 164, 176,
178, 180, 194, 196, and 212 should be the major ozonolysis products. Based on the
previously reported mechanism of alkene ozonolysis, the mechanism of EM ozonolysis
has been proposed in Scheme S1 (Jain et al., 2014;Vereecken and Francisco, 2012).
Briefly, oxidation of EM is initiated by addition of ozone across the double bound
resulting in a primary ozonide. The primary ozonide will produce two products
(formaldehyde and ketone ester) and two sCIs (sCI-1 and sCI-2). Based on the initial
carbonyl and sCI products (Scheme S1), it could be found that the saturated ketone ester
couldn’t be further oxidized by O3 and formaldehyde was the terminate products of sCI-
2 reaction. Thus, these major oxidation products observed in Figure S13 should come
from the further reaction of sCI-1.
Proposed reaction mechanism of sCI-1 was also shown in Scheme 1. These sCI-1 could
first convert to alkoxy radical (III) by losing OH group and Oz addition. Then alkoxy
radical with an additional oxygen atom not only could further react with RO to form

alcohols (V), but also react with HO: to form hydroperoxide product (IV). Moreover,
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405  the intramolecular H-shift reaction may also compete with its bimolecular reaction with
406  HO2 and other ROz radicals due to relatively weak C-H bonds in the molecule (Jokinen
407 et al., 2014;Crounse et al., 2013;Shu et al., 2018). Similarly, newly produced alkoxy
408  radical will continually and repeatedly react with HOz, ROz, and undergo its
409  intramolecular H-shift to form the higher oxidized alcohols, carbonyls, and
410  hydroperoxide product. The formation of these higher oxidized alcohols, carbonyls, and
411 hydroperoxide product might help to explain or give insight to the increased oxidation

412  state (OSc) of the aerosol.
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Scheme 1. Proposed mechanism for EM ozonolysis in the presence of AS particles

4. Conclusion

Some exposure measurement studies indicated that the concentration of ethyl
methacrylate was notably higher than other methacrylate in the salons working air. The
frequently exposure of methacrylate for a long time can trigger asthma or allergic
contact dermatitis. Thus, the wide variety of sources and high volatility and toxicity of
make EM a potential important source of environmental concern in the atmosphere.

In this work, we investigated and compared the formation of secondary particles
from EM ozonolysis under complex ambient condition. Results showed that a
substantial increase in secondary H2SOs particles promoted SOA formation with
increasing SO2. In contrast, the increase in primary H2SO4 proportion with seed acidity
enhanced EM uptake but reduced SOA formation. To clarify the underlying causes, we
analyzed the size distribution, chemical composition and evolution of SOA based on
PMF solutions and Van Krevelen diagrams. In the absence of seed particles, the
substantial increase in secondary H2SO4 particles with SO2 provided greater surface
area and volume for further condensation of oxidation products. Moreover, enhanced
oligomerization functionalization of carbonyl species with increased particle acidity
also contributed to the increase in SOA in the absence of seed particles. However, in
the presence of seed particles, the increase of primary H2SO4 proportion in seed with
acidity enhanced more EM uptake, but the direct heterogeneous formation of H2SO4 on
the particle surface, differing from the condensation or nucleation of gas-phase H2SOa,
hampered the continuous heterogeneous ozonolysis of these adsorbed EM. Moreover,
even though increased particles acidity also caused chemical conversion of SOA via
functionalization, the contribution of the produced functionalized products to SOA
could be ignored due to the limited change in overall SOA formation. These results
indicated that the increase of primary and secondary H2SO4 particle has the different
effect on EM-derived SOA formation and its composition.

Taken together, our findings should not only help to clarify the SOA formation
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mechanism of UVOEs ozonolysis in certain ambient environments particularly in
marine boundary layers and mid-continental regions, but should help to further
understand the complicated effects of increased H2SO4 components on SOA formation
and composition during haze pollution. In addition to EM, many other unsaturated
esters such as methyl methacrylate (MA), butyl methacrylate (BMA), and propyl
methacrylate (PMA) are also frequently measured in the real atmosphere (Blanco et al.,
2014;Ren et al., 2019). Thus more researches are needed to investigate the secondary
particles potential of these unsaturated esters, especially under complex ambient
conditions, which will help to further effectively evaluate the potential contribution of

their atmospheric oxidation process to secondary particle formation.
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