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1. Sulfur dioxide

Sulfur dioxide (SO2) has a Henry’s law constant of Hgo,=1.3 M atm™ and mass accommodation coefficient of yso,=0.11,
which does not significantly change with temperature (Worsnop et al., 1989). Thus, SO, can dissolve (SOz.q) into cloud and
fog water, where it can be rapidly oxidized to form sulfate.(Lind et al., 1987; Hegg and Hobbs, 1982; Shen et al., 2012; Harris
et al., 2014; Dovrou et al., 2019b) SO, 44 reacts with water to form bisulfite (HSO3) at pH=2, which dissociates to form sulfite
(S0%™) at pH=6 (RS1-RS3, Fig. S1) (Seinfeld and Pandis, 2016).

SOz‘g + H20 = SOZ " Hzo (RSl)
SO, - H,0 = H* + HSO3 (RS2)
HSO3 = H* + S0%~ (RS3)

2 Calculation of uncertainty

Weighted nonlinear regression was applied to the data and the Monte Carlo analysis was performed for the calculation of
uncertainty. 5000 runs were used for the Monte Carlo simulation. A set of values were randomly sampled considering normal
distribution and 95% confidence interval was selected. The standard deviation represents the uncertainty. The uncertainty in
this work represents the precision of the measurements and not the accuracy, due to unknown systemic errors.

The standard deviation, S;, is defined as S; = ﬁ - 3N .IC; — u|?, where N is the number of the experimental concentrations,

C; is the concentration i and p is the mean value of the concentrations and is equal to p = %-Z?‘zl G;.


mailto:dovrouel@gmail.com
mailto:keutsch@seas.harvard.edu

35

40

45

50

55

3 Calculation of diffusion coefficient and time

Using the Wilke-Chang equation for diffusivity in liquids the diffusion coefficient, D, is calculated and assuming cloud relevant
mean diffusivity distances, x, of 0-50 microns, (Miyabe and Isogai, 2011; Sitaraman et al., 1963),:

D-u _ 7.4-1078- ((Dair ' lv[air)l/2
T Vo

€y

Where D is the diffusivity in cm? - s™1, u is the viscosity of water in Pa - s, T is the temperature in Kelvin, @,;,=1, M;, is the

. . . . . Mol ight —
molecular weight of air and V,, , is the solute molar volume of MVK which is equal to %2834 cm3 - mol 1.

The diffusion time is estimated as, (Mainardi et al., 2007),:

<xX>
t=
q;-D

2)

Where x is the mean diffusivity distance, q; is a numerical constant which depends on dimensionality and is equal to 2, 4, or
6 for 1, 2, or 3-dimensional diffusion and D is the diffusivity in cm? - s™1. For the examined x values the diffusion time was
in the range of 0-25 seconds.

4 NMR experiments

The MestReNova software was used to analyse the spectra of the NMR experiments. Experiments with (Table S1) and without
(Fig. S4) standards were conducted with ISOPOOH synthesized according to the procedures described by Rivera-Rios (2018).
In the experiments conducted without and with standards the purity of ISOPOOH was 80% and 70%, respectively, and the
relaxation delay of the experiments with standards was longer, 45 sec, compared to the experiments without standards, 17 sec.
The use of standards and the longer relaxation delay of these experiments allows for quantitative analysis. However, the lower
purity of ISOPOOH used in the experiments with standards increase the uncertainty of the calculations and the purity and
relaxation delay affect the intensity and integration of the peaks. For example, in the experiments without standards (Fig. S4)
it is observed that the HMS peak (HMS1) has higher intensity and area, 1.14 integration at pH=5.5, the methyl group peak of
MVK (M1), 1.00 integration at pH=5.5. In contrast, in the experiments with standards (Table S1) HMS1 has lower intensity
and area, 0.13 and 1.05 integration at pH=5.5 when using 3-(trimethylsilyl)-1-propanesulfonic acid sodium salt and DMSO,
respectively, than M1, 0.20 and 1.50 integration at pH=5.5 when using 3-(trimethylsilyl)-1-propanesulfonic acid sodium salt
and DMSO, respectively. The main reason of this difference is due to the relaxation delay; thus, the values of Table S1 were
used for the calculations presented in this work.
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Figure S1. Mole fraction concentrations of S(1V) species vs pH. The green shaded area shows the pH range of 3-6 and the three pH
values examined in the present work: pH=3 (crimson), pH=4.5 (purple) and pH=5.5 (dark yellow). The dominant form of SO2aq
under these conditions is bisulfite (HSO3) (Seinfeld and Pandis, 2016).
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Figure S2. Proton NMR spectra (*H-NMR, 400MHz, D0) of (a) 1,2-1SOPOH, (b) 2-Methyl-2-vinyloxirane, (c) MVK, (d) Acetic acid
with DMSO and (e) HMS with standard, 3-(trimethylsilyl)-1-propanesulfonic acid sodium salt. (b)Hydrolysis of the epoxide to the
diol was observed in the spectrum. The concentrations of these control samples were [1,2-ISOPOH]=0.1 mM, [2-Methyl-2-
vinyloxirane]=0.1 mM, [standard]=4.6 mM, [HMS]=20 mM [DMSO]=0.03 mM and [Acetic acid]=0.1 mM. The labels at each peak

(a) 1,2-ISOPOH spectrum
(b) 1,2-IEPOX spectrum
(c) MVK spectrum

(d) Acetic acid spectrum
(e) HMS spectrum

95 represent the hydrogens of the compounds. The samples were at pH=5.5. D20 shift at 4.8 ppm.
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Figure S3. Proposed detailed chemical mechanisms of the oxidation of SO2q by a) 1,2-1ISOPOOH and b) 4,3-1ISOPOOH. There are
two competing mechanisms: after ISOPOOH reacts with SO2aq, displacing water, a hydrolysis reaction is taking place [1] or an O-
O bond breakage [2]. In mechanism [1], the product hydrolysis results in the same intermediate that the reaction of SO2,aq with H202
is forming and either a formation of a diol or an epoxide is being generated. In mechanism [2], an alkoxy radical and sulfite radical
are formed leading to the production of MVK, MACR, HCHO and other products.
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Figure S4. Proton NMR spectra (*H-NMR, 400MHz, D20) of (a) 1,2-ISOPOOH and the products of the reaction of SO2aq+1,2-
ISOPOOH at (b) pH=5.5, (c) pH=4.5 and (d) pH=3. The concentration of 1,2-ISOPOOH was 1 mM and the concentration of the
diluted SOz, HSO3, was 2 mM. The labels at each peak represent the hydrogens of the compounds. D20 shift at 4.8 ppm.
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Figure S5. Proton NMR spectra (*H-NMR, 400MHz, D20) of (a) 1,2-ISOPOOH and (b) 4,3-ISOPOOH. The concentration of both

ISOPOOH isomers was 1 mM and the pH of the samples was pH=5.5. The labels at each peak represent the hydrogens of the

compounds. D20 shift at 4.8 ppm.
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Table S1. Shifts and peak integration of 1,2-1ISOPOOH and the products of HS03+1,2-ISOPOOH at the pH range of 3-6. D20 shift at 4.8 ppm. The
standards used was 0.5 mM of 3-(trimethylsilyl)-1-propanesulfonic acid sodium salt ((CH3)3Si(CH,)3;S03Na) and 0.1 mM DMSO.

Standard Acetic
1,2-ISOPOOH MVK HMS 1,2-ISOPOH _
(CH3)3Si(CH;)350;3Na Acid
SL | S2 | S3 | sS4 | B4 |B56| BT | B2 | ML |M34| M2 |HMSL| D4 | D2 | D6 | D5 | ACL
_ 0.63- | 1.76- | 2.91- | 5.88- | 5.20- | 3.61- 6.38- | 6.12- 5.21- | 5.92-
Shift (ppm) | 0.02 127 | 2.37 441 | 127|349 2.10
067 | 1.80 | 295 | 5.95 | 533 | 3.62 6.40 | 6.14 5.33 | 5.99
'”;ﬁi?g’” 1 | 022 024023022047 | 042068020 013 | 0.07 | 013 | 015|010 0.10 | 0.05 | 0.03
'”;?ﬂ’ijtg’” 1 | 022024023026 045|040 |067|013| 010 | 0.04 | 009 | 009 |006| 0.05 | 0.03 | 0.00
g | 1 | 022|024 023|023 | 044|043 |065|013| 0.00 | 004 | 010 | 011|007 | 008 | 004 | 001
Standard Acetic
1,2-ISOPOOH MVK HMS 1,2-ISOPOH _
(CH3),S0 Acid
DMSO B4 |B56| B7 | B2 | ML |M34| M2 [HMSL| D4 | D2 | D6 | D5 | ACL
)a 588- 520|361 | |63 [e1| | | [s2-|se|
Shift (ppm) ' 595 [ 533 | 362 | | | 640|614 Tl | 533 599 | T
Integration 1 167 | 3.22 | 301 [498 (150 | 095 | 050 | 1.05 |1.10|0.73| 0.8L | 044 | 0.23
pH=S.
'nt(ﬁritgon 1 1.67 | 322 | 3.01 | 498|100 | 0.63 | 0.33 | 0.70 | 071|047 | 051 | 0.28 | 0.02
pH=4.
Integration 1 167 | 322 | 3.01 | 498|100 | 0.63 | 0.34 | 081 [0.79 | 053 | 059 | 0.32 | 0.05
pH=3.




