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Table S1. Identified CI-OVOCs and their precursors in previous VOC-CI chamber experiments.

Cl-OVOCs structure precursor structure Ref.
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methyl vinyl ketone \"/\ 2
0
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Table S2. Input data of the chemical box model for the campaign-averaged conditions.

Parameter Diurnal average® Parameter Diurnal average
T (K) 297.0+£1.0 propane (ppb) 1.0+£0.2
RH (%) 74.7+50 isobutane (ppb) 0.39 £ 0.07
SO (ppb) 27+01 n-butane (ppb) 06+01
CO (ppb) 264.8 £ 10.4 isopentane (ppb) 0.35+0.07
NO (ppb) 0.33+0.24 n-pentane (ppb) 0.23+£0.03
NO; (ppb) 3.2+0.7 2-methylpentane (ppb) 0.36 £ 0.08
N2Os (ppb) 0.036 + 0.029 n-hexane (ppb) 0.16 £0.05
HONO (ppb) 0.15+0.03 cyclohexane (ppb) 0.022 £ 0.001
O3 (ppb) 49.8+£9.9 acetylene (ppb) 1.3+£0.2
Sa (um? cm?) 181.5+23.2 ethene (ppb) 06+0.1
CINO: (ppb) 0.29+0.23 propene (ppb) 0.10 £ 0.03
Cl> (ppb) 0.016 + 0.014 isoprene (ppb) 0.17+0.10
HOCI (ppb) 0.039 £0.019 a-pinene (ppb) 0.019 £ 0.007
BrClI (ppt) 0.64 +0.38 B-pinene (ppb) 0.010 £ 0.004
Brz (ppt) 31+£10 toluene (ppb) 0.36 £ 0.06
jNO; (103 s-1) 6.3 benzene (ppb) 0.15+0.02
methane 2000°¢ ethylbenzene (ppb) 0.05+0.01
ethane (ppb) 1.7+£0.1 o-xylene (ppb) 0.04 £ 0.02

*Daily average + standard deviation; "maximum value; ‘constant value.



Table S3. Branching ratios (I) and rate constants (k, 10! cm3/molecule s) of alkene + CI°

reactions.
updated model original model
VOC
I k Reference r k
i e am0 a-C addition: 40%
i, G addition:92% -, o 9 B-C addition: 50%  2.70

abstraction: 89 X
% abstraction: 10%

a-C addition: 85% 1 e 1hn0
CsHs abstraction: 15% 4.75 addition: 100% 4.75

o-C addition: 75% 5
MVK abstraction: 25% 2.20 - 2.20
i e oro
MACR o-C addition: 86% 530 10 ) 70

abstraction: 14%

Table S4. QC-calculated energies of solvation and aqueous-phase reactions of OVOCs and

their reactive uptake coefficients!.

ovocC AGiol AGHhyq ArGhyd AG's1 A Ref.
formaldehyde -1.30 41.84 0.17 -8.87 2.00x107 1
glyoxal -2.68 41.73 0.35 -11.13  2.90x107 12
methylglyoxal -3.30 42.75 1.80 -11.58  3.70x10* 13
2-butanone -3.43 46.30 7.47 -7.62 1.50x10* 14
acetone -3.55 47.84 7.93 -11.06  1.80x10* 14
2,3-butanedione -3.78 45.74 5.41 -8.10 8.00x10 14
formyl chloride -1.14 28.79 -7.58 -9.04 2.34x102  this work
chloro-acetaldehyde -3.42 42.31 1.87 -10.92  8.23x10*  this work
chloro-acetone -6.52 46.37 8.81 -8.40 7.07x10°  this work
cholro-butanedione -4.27 39.58 1.85 -8.55 8.31x10*  this work
CMBO -5.16 49.06 10.69 -10.13  3.63x10°  this work
CAA - - - - 7.05x10° Is

'AGsol is solvation energy of OVOC, AG*hya and ArGnyq are the Gibbs free energy barriers and
changes in the hydration reactions of OVOC in the aqueous phase, AG'sql is the evaporation

energy of diol, A is the reactive uptake coefficient from references and calculated in this work.



(@)

(b)

Correlation

—r1.0

RH{ -050 -0.55 -0.58 -0.47 RH{ -059 -0.34 -0.60 -0.60

T4 057 0.31 0.58 0.49 T4 003 0.11 0.11 -0.04
0.8

NO-{ 029 0.12 0.17 0.20 NO-{ -0.10 -0.17 -0.02 -0.09

NO,q -0.35 -0.39 -0.37 -0.42 NO,{ -0.26 -0.32 -0.16 -0.24
NO,-{ -0.28 -0.34 -0.32 -0.36 NO,{  -0.24 -0.31 -0.13 0.22 0.6

N,O54  -0.27 -0.08 -0.18 -0.20 N,Os4 -0.05 -0.03 0.03 0.06
O34 045 0.39 0.61 0.56 O34 060 0.39 0.63 0.66 0.4

SO,4 o014 0.26 0.30 0.26 SO,4 045 0.03 0.51 0.57

COq 004 -0.15 0.09 -0.08 CO4{ 034 0.14 0.42 0.43
0.2

NH;4 0.6 0.06 0.24 0.12 NH,4 027 -0.18 0.30 0.31

PM,s4 015 0.03 0.32 0.17 PM,s4 034 0.08 0.50 0.44
0.0

Sa{ 0.29 0.04 0.45 0.26 Sa{ 041 0.16 0.57 0.47

jNO, 4 082 0.64 0.68 0.70 jNO,{  0.39 0.19 0.33 0.18
~-0.2

CINO,4{ -0.28 -0.04 -0.38 -0.28 CINO,{ -0.09 0.12 -0.07 0.05

Cl,{ 096 0.71 0.69 0.69 Cl,{ 091 0.54 0.69 0.73
HoCl{ 093 0.62 0.72 0.69 HOCI4{ 094 0.36 0.85 0.79 —-0.4

BrCl{ 0.87 0.92 0.62 0.68 BrCl{ 084 0.78 0.64 0.70
Br,{ 068 1.00 0.56 0.62 Br,{ 0.0 1.00 0.31 0.37 L 0.6

Cl,4  1.00 0.71 0.74 0.73 Cl,{ 100 0.48 0.84 0.83

Br,4 071 1.00 0.58 0.63 Br,{ 048 1.00 0.37 0.43
--0.8

CAA-{ 074 0.58 1.00 0.90 CAA-{ 084 0.37 1.00 0.92

BAA-{ 073 0.63 0.90 1.00 BAA-{ 083 0.43 0.92 1.00
; : : : : : : : =L .10

Cl Br CAA BAA Cl Br CAA BAA

Figure S1. The correlation coefficients between important meteorological factors and CAA

concentration in (a) 2020 and (b) 2021. Clx =2 x Clo + HOCI + BrCl, and Brx = 2 x Br, +

BrCl. All data are 1-h averages.
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Figure S2. The primary reaction mechanisms of CI° with 1-chloroethane (C>HsCl), 1,2-
dichloroethane (C2H4Cl2), 1,2-dichloropropane (C3Hg¢Clz), and ethene (CoHy).
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Figure S3. Box model-simulated diurnal profiles of chloroacetic acid in different scenarios.

The simulated result of scenario II is close to zero.
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Figure S4. Relaxed scan of CI" addition to isoprene. IM1, IM2, IM3, and IM4 are intermediates
for CI" addition to 1-, 2-, 3-, and 4-positions of isoprene, and CP1 — CP4, CP1' and CP4' are
derived from scans of IM1 — IM2 in terms of bond lengths (r) of C-Cl as variables, respectively.
Scanned potential energy surfaces of IM1 — IM4 take the total energy of the reactants Cl° +
isoprene as zero for reference. The relative energies of IM1 and IM4 are lowest. A relaxed scan
of IMI reveals a minimum energy path (MEP): CP1' «<— CP1 « IM1, where CP1' approximates
IM4. The relaxed scan of IM4 also reveals interconversion between IM1 and IM4, but the
energy barriers are too high to be difficult to occur. The relaxed scans of IM2 and IM3 reveal

the MEP of IM2 « IM1 « CP2 and IM3 « IM4 « CP3. Saddle points of IM2 and IM3 are



difficult to reach due to their conversion to IM1 and IM4 passing through low-energy barriers
Thus, CI' prefers to add to 1- and 4-positions of isoprene.
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Figure S5. Relaxed scan of ClI" addition to methacrolein (MACR). Similar to the CI® addition
of propene.
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Figure S6. Relaxed scan of CI" addition to methyl vinyl ketone (MVK). Similar to the CI’
addition of propene.
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Figure S7. Proposed the primary reaction mechanisms of CI” with propene (C3Hp).
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Figure S10. Proposed the primary reaction mechanisms of CI* with methacrolein (MACR).
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Figure S11. Linear relationships between Gibbs free energy of diol reactions and reactive

uptake coefficients of carbonyls. (a) AGsol as the solvation energy of carbonyls; (b) AG*nyq and

(c) AiGnya as the Gibbs free energy barriers and changes in the hydration reactions of carbonyls;

(d) AG'so1 as the evaporation energy of diols; A as the reactive uptake coefticients.
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