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The accuracy of particulate products analysis

For particulate products analysis, two factors that would impact the accuracy of the results were the
deposition of gas-phase products on the filter and the volatilization of particle-phase products. To
investigate the effect of the deposition of gas-phase products, after the first filter (PTFE or quartz filter)
we added another filter (PTFE or quartz filter) to collect the gaseous products. Results showed that the
products collected on the second filter were negligible meaning that the deposition of gas-phase species
on filter did not have a great impact on the results. As for the effect of the volatilization of
particle-phase products, the variation of SOA and particulate products yields on collection time was
studied. The results showed that when the collection time was controlled to be 3 h the SOA loss caused
by volatilization of particles was less than 6%, so the second factor was considered to have no obvious

influence on the particulate products analysis.
The evolution of particulate total peroxides in solution

Figure S7 showed the time profiles of total peroxides evolution of SOA formed in different cases.
Although the initial content of peroxides in particles was influenced by RH and OH scavenger, at each
circumstance the variation of the total peroxides content with the storage time was similar. When SOA
extract solution was stored at 277 K, the total peroxides concentration was found to decrease slightly,
which was mainly attributed to the decay of some peroxides. The fact that the total peroxides content
nearly maintained stable indicated that at 277 K some active components in particles would not go
through obvious decay so that more uncertainty could be avoided. In addition, this phenomenon
suggested that the H,O, generation was due to the decomposition or hydration of some kinds of

peroxides so the total peroxides concentration measured did not show large fluctuation.

The calculation equations

Fwaliloss = ([In] — [Out]) / [In] (S1)
Where Fwap 10ss 1S the wall loss fraction, [In] and [Out] are the inlet and outlet concentrations,

respectively.
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Where Y; is the molar yield of product i, N; (mol) is the number of moles of product i, and Ny;;,, (mol) is



the number of moles of limonene reacted.
Ysct = YH,0,-limit T YHMHP—limit (S3)
Where Y is the molar yield of SCIs, Yy202-imit a0d Y umupimic are the limiting molar yields of H,O,

and HMHP, respectively.

Msoa
Ysoa = M (54)
lim

Where Ysoa is the SOA yield, Mgoa (1g m’3) is the aerosol mass concentration, and My, (g m’3) 1S

the mass concentration of limonene reacted.

o= Mperoxides (S5)
Mgoa

Where o is the mass fraction of particulate peroxides, Mperoxides (1g) 1 the mass of particulate peroxides,
and mgoa (ng) is the mass of SOA.

The impact of the reactants concentrations

To get enough products for analysis in a short reaction time, both of the concentrations of limonene and
ozone in this study were obviously higher than those in the real atmospheric conditions, which might
have influence on the gas-phase and particle-phase chemistry. So the effects of the reactants
concentrations on the experimental results are discussed below.

A major impact of the high concentrations of reactants is the increased RO, concentration. In recent
years many studies reported that the autoxidation processes formed highly oxidized RO, radicals,
which reacted with HO, and other RO, radicals forming highly oxidized multifunctional organic
compounds (HOMs) (Jokinen et al., 2014; Richters et al., 2016a, b). The production of HOMs is
controlled by two competing processes, i.e., RO, autoxidation vs. RO, reaction with HO, and other
RO, radicals. Zhang et al. (2015) found that at low a-pinene levels, the longer lifetime of RO, radicals
favored the isomerization pathways and consequently led to enhanced ELVOC dimers production.
They estimated that the corresponding lifetime of RO, radicals decreased by less than an order of
magnitude when the initial a-pinene mixing ratio increased from 10 ppbv to 150 ppbv, which was not
sufficient to perturb the dynamics of overall RO, chemistry. In our experiments, where the limonene
concentration was below 200 ppbv, we speculated that although the RO, chemistry was affected to
some extent it would not bring huge influence on the results. When the RO, concentration is high, the
reactions of SCIs and RO, radicals might happen in the system (Sadezky et al., 2008). Zhao et al. (2015)

found that the reactions of SCIs and RO, radicals played a key role in particle formation in



trans-3-hexene ozonolysis, while for large alkenes such as terpenes and sesquiterpenes such reactions
might be unimportant. Thus, although the concentrations of reactants used in this study were higher
than that in the real atmospheric condition, the SCIs + RO, reactions did not have a huge impact on the
reaction system. The SOA yield of limonene ozonolysis observed in this study was in the range of the
values reported before (Ahmad et al., 2017; Chen and Hopke, 2010; Pathak et al., 2012). It is true that
when the mixing ratios of reactants are high, the gas-particle partitioning processes of semi-volatility
and low-volatility products are promoted resulting in higher SOA yield, yet we think that it may not

have great impact on the representativeness of the products we investigated in particles.



Figure caption.

Figure S1. The diagram of the flow tube reactor

Figure S2. The diagram of the coil collector

Figure S3. The diagram of the Horibe tube

Figure S4. The dependence of peroxides wall loss fractions on relative humidity (RH). H,O,, hydrogen
peroxide; HMHP, hydroxymethyl hydroperoxide; PFA, peroxyformic acid; PAA, peroxyacetic acid.
Figure S5. The dependence of carbonyls wall loss fractions on relative humidity (RH). HACE,
hydroxyacetone; FA, formaldehyde; AA, acetaldehyde; ACE, acetone; GL, glyoxal; MGL,
methylglyoxal.

Figure S6. The dependence of SOA wall loss fractions on relative humidity (RH).

Figure S7. Time profiles of total peroxides evolution per particle mass of different SOA formed (a)
without OH scavenger, (b) with 2-butanol, and (c) with cyclohexane in the relative humidity (RH)
range of 0%—90% at high [O5]/[limonene].

Figure S8. The variation of the molar fraction of unstable peroxides in particles with relative humidity
(RH) at low or high [O;]/[limonene] in the presence or absence of OH scavenger (2-butanol or
cyclohexane).

Figure S9. The variation of high-molecule-weight peroxides molar yields with relative humidity (RH)
at low or high [O;]/[limonene] in the presence or absence of OH scavenger (2-butanol or cyclohexane).
Figure S10. Dependence of formaldehyde yield on relative humidity (RH) at low or high

[O;]/[limonene] in the presence or absence of OH scavenger (2-butanol or cyclohexane).
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Figure S1. The diagram of the flow tube reactor
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Figure S3. The diagram of the Horibe tube
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Figure S4. The dependence of peroxides wall loss fractions on relative humidity (RH). H,O,, hydrogen

peroxide; HMHP, hydroxymethyl hydroperoxide; PFA, peroxyformic acid; PAA, peroxyacetic acid.
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Figure S5. The dependence of carbonyls wall loss fractions on relative humidity (RH). HACE,

hydroxyacetone; FA, formaldehyde; AA, acetaldehyde; ACE, acetone; GL, glyoxal; MGL,

methylglyoxal.



02

I
[
T

o
T

Wall loss fraction

005

RH (%)

Figure S6. The dependence of SOA wall loss fractions on relative humidity (RH).
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Figure S7. Time profiles of total peroxides evolution per particle mass of different SOA formed (a)
without OH scavenger, (b) with 2-butanol, and (c) with cyclohexane in the relative humidity (RH)

range of 0%—90% at high [O5]/[limonene].
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Figure S8. The variation of the molar fraction of unstable peroxides in particles with relative humidity
(RH) at low or high [O;]/[limonene] in the presence or absence of OH scavenger (2-butanol or

cyclohexane).
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Figure S9. The variation of high-molecule-weight peroxides molar yields with relative humidity (RH)

at low or high [O;]/[limonene] in the presence or absence of OH scavenger (2-butanol or cyclohexane).
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Figure S10. Dependence of formaldehyde yield on relative humidity (RH) at low or high

[O;]/[limonene] in the presence or absence of OH scavenger (2-butanol or cyclohexane).



