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S1. Estimation of wall losses of organic vapors

(a) Gas-wall equilibrium. The wall-loss process of gas-phase products is
generally taken into account to be first-order and the first-order wall-loss coefticient of

gas-phase products, k. (s™!), can be calculated as
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where 4/V (5.55 m™!) is the surface to volume ratio of Teflon reactor; o, is the mass
accommodation coefficient of gas-phase products onto the inner wall and an a,, value
of 10° was employed (Matsunaga and Ziemann, 2010; Zhang et al., 2014); ¢ (ms™)
is the molecules’ mean thermal speed; k. (s') and Dgqs (m? s7!) are the eddy diffusion
coefficient and the molecular diffusivity, respectively. A k. value of 0.02 s! was adopted
(Mcmurry and Grosjean, 1985). Dg,s was estimated to be 6 x 10°® m? s (Krechmer et
al., 2017; Tang et al., 2015). MW (g mol™) is molecular weight of the given gas-phase
product. An average molecular weight of 200 g mol™! for gas-phase products was used
to estimate the influence of vapor wall loss (Sarrafzadeh et al., 2016).

The mean thermal speed could be determined according to the following equation:
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where R (8.314 J mol! K'!') and T (K) are the ideal gas constant and experimental

temperature, respectively.

The time required to approach gas-wall equilibrium (7w, s) can be calculated as:

(S3)
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(b) Gas-particle equilibrium. The time associated with approaching gas-particle

equilibrium (zgp, s) can be determined using the following equation:
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where N, (# m”) and D, (m) are the number concentration and mean diameter of

aerosol particles, respectively; Dgus (m? s!) is the molecular diffusivity. Frg is the

Fuchs-Sutugin correction and it is equal to:
— 0.75a,(1+k,)
Frg= 2
k, + k,+0.283k,a,+0.75a,
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where o, is the mass accommodation coefficient of gas-phase products onto aerosol
particles. An o, value of 0.7 was adopted (Krechmer et al., 2017). K, is the Knudsen

number, which can be calculated as:

k, = 2 S6
The gas mean free path (4, nm) of gas-phase product is defined as:
3D
1= _gas (87)
c

The value of 7.« Was determined to be around 20.4 £0.01 min. The estimated 7,
p value decreased from 0.13 +0.01 to 0.07 £ 0.01 min when SO; concentrations
increased from 0 to 192 ppb. Gas-particle partitioning could dominate the wall
deposition of gas-phase products for particle number concentrations in our chamber

experiments.



Table S1. IR absorption of functional groups.

] Wavenumber
Assignment References
(cm™)
H-bonding of OH in alcohol 3600-3200 | (Hung et al., 2013)

H-bonding of carboxylic acid 3200-2400 (Sax et al., 2005)
aliphatic CH 3000-2800 (Sax et al., 2005)
C=0 in carboxylic acid/ketone/aldehyde/ester | 1750-1685
OH of alcohol in-plane deformation vibration | 1440-1260
C-O stretching in primary alcohol 1090-1000
C-O stretching in secondary alcohol 1150-1075 | (Hung et al., 2013)
C-O stretching in tertiary alcohol 1210-1100
C-O stretching in carboxylic acid 1320-1210
C-O stretching in peroxide 1150-1030
asymmetric SO stretching 1415-1370 (Tammer, 2004)
C-O-C stretching 1050-1010 (Liu et al., 2015)
C-O-C stretching in acetal 1085 (Lal et al., 2012)
symmetric SO stretching 1064 (Lal et al., 2012)
C-O vibration of C-O-S 1050-1030 | (Hungetal., 2013)
asymmetric SO stretching 1020-850 (Hung et al., 2013)
C-O-C stretching in ether 950 (Linetal., 2014)
O-O stretching in peroxide 900-800 (Hung et al., 2013)
asymmetric C-O-S stretching 875
- - (Tammer, 2004)
symmetric C-O-S stretching 750




Table S2. Measured organosulfur species in cyclooctene SOA using UHPLC/ESI-

Orbitrap HRMS.
[M-HJ Retention time Error Suggested
DBE
m/z min ppm formula

226.98682 4.01 0.46389 2 CsH7088
209.01248 6.35 -0.24056 2 CeHoO6S
225.00740 5.33,5.63,6.35, 6.84 -0.20469 2 CeHoO78
241.00240 5.52,5.65 0.14299 2 CeHoOsS
179.03860 17.27 1.40699 1 CeH1104S
211.02786 10.29 -1.51393 1 CeH1106S
227.02313 5.12 0.15723 1 CsH1107S"
197.04898 10.66 0.32085 0 CeHi30sS
213.04335 12.62 -2.26184 0 CecHi1306S
253.00226 5.67,6.71,7.34 -0.40659 3 C7HoOsS
223.02812 8.49, 15.45 0.14111 2 C7H1106S
239.02309 7.61,7.87,9.75 -0.04218 2 C/H1O78
255.07182 7.57,8.99, 9.48 -0.74098 2 C7H110sS
209.04892 12.21 0.01047 1 C7H130sS"
225.04337 14.52 -2.07343 1 C7H1306S
241.03879 9.03 0.17073 1 C7H13078




Table S2. Continued.

[M-HJ Retention time Error Suggested
DBE
m/z min ppm formula

227.05946 10.25, 13.54 -0.08213 0 C7Hi1506S
235.02808 8.75 -0.45041 3 CsHi106S
267.01797 7.61,9.35,9.63, 9.80 -0.13623 3 CsHi10sS
283.01297 6.96 0.15597 3 CsHi1109S
235.02808 8.75 -0.45041 2 CsHi30sS
237.04382 19.55, 21.84, 28.47 -0.03733 2 CsHi306S
253.03857 12.78, 17.06, 28.46 -0.68160 2 CgHi307§
269.03357 12.64 -0.34179 2 CgHi30sS
285.02872 5.64, 6.00, 7.39 0.49522 2 CgHi300S"
223.06441 20.45 -0.71818 1 CgHis0sS
239.05946 16.11, 20.07 -0.07801 1 CsHi506S
283.04944 19.56 0.44913 2 CoHi508S
299.08057 19.40 -0.15067 1 CioH190sS"
287.02316 8.76 0.23068 6 CuHnO78
285.04376 17.36 -0.24517 6 Ci2H13068
303.05435 16.52 -0.14830 5 Ci2Hi15078
301.03891 17.43 0.54220 6 Ci2H13078
299.05923 20.29 -0.82770 6 Ci3H1506S
315.05447 20.60 0.24481 6 Ci3Hi5078




Table S3. Chemical formulae of organosulfates identified in previous studies.

[M-HJ Suggested Possible
DBE Structure Reference
m/z formula precursor
209.0120 2 CsHoO6S diesel vapor | unknown | (Y.Wang et al., 2021)
182.999 1 C4H706S unknown unknown
195.035 1 CeHi10sS unknown unknown
211.031 1 CeHi1106S unknown unknown
(Boris et al., 2016)
241.005 2 CeHoOsS" unknown unknown
253.042 2 CsH13078 limonene unknown
269.036 2 CsHi30sS" unknown unknown
170.9969 0 C3H706S unknown unknown
167.0384 0 CsH1048" unknown unknown
176.9863 3 CsHs50sS" unknown unknown
183.0333 0 CsH11058" unknown unknown
231.018 0 CsHp1058" unknown unknown
181.054 0 CsH1304S" unknown unknown
188.9863 4 CeH505S" unknown unknown
(Cai et al., 2020)
197.0489 0 CsH1305S" unknown unknown
209.0125 2 CeHoOsS" unknown unknown
211.0282 1 CsH1106S unknown unknown
211.0646 0 C7H;5058" unknown unknown
225.0438 1 C7H1306S unknown unknown
207.0697 1 CsH15048 unknown unknown
212.9863 6 CsH50s5S" unknown unknown




Table S3. Continued.

[M-HJ Suggested Possible
DBE Structure Reference
m/z formula precursor
221.0489 2 CsH305S" unknown unknown
223.0646 1 CsH505S" unknown unknown
239.0595 1 CsHi506S™ unknown unknown
239.0959 0 C9oH1905S" unknown unknown
253.0751 1 CoH1706S" unknown unknown
297.0286 3 CoH309S" unknown unknown
231.0697 3 C10H;5048" unknown unknown
237.1166 0 C10H21048" unknown unknown
253.1115 0 CioH»105S" unknown unknown
251.1323 0 C11H23045" unknown unknown
263.0959 2 C11H1905S" unknown unknown | (Cai et al., 2020)
265.1115 1 C11H210s58 unknown unknown
279.0908 2 C11H1906S" unknown unknown
281.1064 1 C11H2106S" unknown unknown
295.0857 2 C11H1905S" unknown unknown
265.1479 0 C1oH>5048" unknown unknown
291.0908 3 C12H1906S" unknown unknown
293.1064 2 C12H2106S" unknown unknown
295.1221 1 C12H2306S" unknown unknown
309.1014 2 C12H21058° unknown unknown
339.0755 3 C12H1900S" unknown unknown




Table S3. Continued.

[M-HJ Suggested Possible
DBE Structure Reference
m/z formula precursor
293.1428 1 C13H2505S" unknown unknown
307.1221 2 C13H2306S" unknown unknown
309.1377 1 C13H2506S" unknown unknown
323.117 2 C13H»078" unknown unknown
323.1534 1 C14H2706S" unknown unknown
337.1327 2 Ci14H2507S unknown unknown | (Cai et al., 2020)
321.1741 1 C15H2005S" unknown unknown
351.1483 2 C15sH»7078" unknown unknown
335.1898 1 C16H3105S" unknown unknown
351.1847 1 Ci16H3106S" unknown unknown
373.0963 6 Ci16H21 058" unknown unknown
— 4000
3000
2000 -

Without cyclohexane (corrected)
Without cyclohexane (uncorrected)
@® With cyclohexane (corrected)

Volume concentration (um® cm

04 e O  With cyclohexane (uncorrected)
T T T T T T T T
0 50 100 150 200 250
Time (min)

Figure S1. Particle volume concentration as a function of time during ozonolysis of

cyclooctene with and without cyclohexane addition.
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Figure S2. First-order wall losses of (a) O3 and (b) SO inside the chamber.
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Figure S3. Particle formation from the ozonolysis of cyclooctene in the absence of SO».
(a) Evolution of the particle number-diameter distribution. (b) Time series of particle

volume concentration.

CgH1103"
H,0 CO, }

OH —_— OAN\/Y —_— O/\/W
@]
O)\/\N\f

C/H,O

C7H1307"

Figure S4. Proposed fragmentation routes of monomer CgH1404, largely based on

schemes in Yasmeen et al. (2011).

10




1.0x107 7
1.2x107
(a) (b) 189.07719
8.0%10° 175.06137 1.0x107 4 CgH,305
C7HHOS-
2'8.0x10°
.%5 0%10° 4 28.0:10° 1
c
c ©6.0x10°1 143.07164
@ 1] :
T 4.0x10°1 113.06102 1025'3_'.086'09 = C;H1 0y
CgHy0, ~8 93 4.0x10°
2.0x10°459.01397 %5'360699 157.05086 5 0%10° 171.06653
- 59 - - -
CZ*HJOZ C7H904 Can 104
0.0 T T T T T 0.0 T T . T T T
50 75 100 125 150 175 140 150 160 170 180 190 200
m/z m/z
c O OH GCsHiOs - C7HgO4 - .
() H0 O oH  COe g o CefeOs
—_—T
o] AN N —_—
O o o o A
OH * -CO,
-C5HgO3 )
OH CngOj -co OH CngO
- ~
(o] S —_—
CoHz0y OC\ _ o _ =

Figure S5. MS/MS spectra of monomers (a) C7H120s and (b) CsHi4Os. Proposed

fragmentation pathways of (¢) C7H120s.
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Figure S6. Formation mechanism of dimers C15sH2407 and C15H240s.
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Figure S7. Mass spectra of methanol-extractable particles formed in the absence of SO».

(a) Positive ion mode. (b) Negative ion mode.
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Figure S10. MS/MS spectra of (a) precursor C¢H100s and (b) organosulfate CsH100sS
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Figure S16. MS/MS spectra of (a) precursor CgH1405 and (b) organosulfate CsHi1405S
from the ozonolysis of cyclooctene in the presence of SO,. Corresponding

fragmentation schemes of (¢) CsH140s and (d) CgH14OsS.
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Figure S17. MS/MS spectra of (a) precursor CgH1406 and (b) organosulfate CsHi409S

from the ozonolysis of cyclooctene in the presence of SOa.

Corresponding

fragmentation schemes of (¢) CsH140s and (d) CgH14O0S.
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