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Text S1. Calculation of Henry’s law constant

The effective Henry’s law constants of NO2 and SOz, denoted by Hy,, and Hggo,
respectively, as a function of time, were estimated based on the experimental data

points, and the expressions were input into the kinetic model for further simulations.
(1) Calculation of Hy 3.

Gaseous NO: is first absorbed onto the surface of the droplets, followed by diffusion
to the bulk of particles, and then participates in a series of reactions afterward. The
NO: (aq) hydrolysis (NO2(aq) + NO2(aq) + H2O — NO3z™ + NOz + 2 H*, k; = 1.0 x
108 M s1) would be the sole reaction in forming nitrate during unary uptake of NO2

under dark. Therefore, the nitrate production rate can be estimated as below:

d[NO3]
dat

= k1(Hyo2Pno2)* (Equation 1)

Therefore, Hy,, can be calculated as below:

* d[NO5 .
Hyop = J [dt3]/k1P1302 (Equation 2)
In the present study, %W&S obtained via solving the differentiation of the [NO3']

equation as a function of time. Consequently, Hy,, can be expressed as a function of
time, which was input into the kinetic model for further simulations. For unary/co-
uptake experiments under irradiation, the equation derived from unary uptake under

dark was adjusted to fit experimentally measured nitrate and sulfate.

(2) Calculation of Hg,,(Griffiths et al., 2009; Gutzwiller et al., 2002; Kolb et al., 2002;
Stewart et al., 2004)

There are a few pathways that could yield sulfate production. Thus, it is difficult to
derive the expression of Hg,, directly with the same method for Hy,, described
above. In this case, we calculated the reactive uptake coefficient of SOz, y5q,, from

experimentally measured sulfate concentration as follows:

2_
Yso2 = % /Z (Equation 3)

Z = ivSOZAS[SOZ] (Equation 4)
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USOZ = 4/ 8RT/T[M502 (Equatlon 5)

As = 4mrf x (4mrg /3)71, (Equation 6)
d[s037] . . . . . 9 .
where —, — was obtained via solving the differentiation of [SO4~] equation as a

function of time. Finally, we can obtain the expression of y¢,, as a function of time.

Besides, the y5o, can also be described via the resistor model. According to
the theory of gas uptake into liquid aerosol droplets, the measured uptake coefficients
are given by Equation 3. Specifically, the canonical kinetic model assumes that gas
molecules are accommodated at the surface first, followed by the diffusion from the
surface to the bulk where the reaction takes place (Galib and Limmer 2021). The bulk
reaction with rate kn should be slow enough that an equilibrium can be established
between the gas and the liquid phase, with concentrations determined by Hg,,. Under
these assumptions for the mass transfer kinetics, the reactive uptake coefficient can be

estimated as below:(Galib and Limmer 2021)

1 1 Vson 1.1 .
—_—= + —————=(cothg-- Equation 7
Yso2 Uso2  4HgooRT. \/DSOZkh( 4 q ) (Eq )

Where agp, is the accommodation coefficient of SO, (~0.11), vgy, is the thermal
velocity in the gas phase, T and R are the absolute temperature and gas constant,

respectively, Dg, is the liquid diffusion coefficient (~1.32x10° m? s). ki is a the

pseudo-first-order rate constant for the reaction between S(IV) and oxidants (kn =
kang[oxidants]). It should be noted that uptake coefficients are measured on a
relatively thick liquid film compared to liquid films occurring on aerosol particles (Li
et al., 2022), The diffusoreactive length is defined as the distance from the surface
where the reaction occurs (Li et al., 2022; Mekic et al., 2018). The (cothg-1/q) is the
correction factor that should be used to extrapolate the measured uptake coefficients
under laboratory conditions to small particles (Li et al., 2022). The parameter q is the
ratio of particle radius, rp, to the reacto-diffusive length, I. The reacto-diffusive length,

I=\/Dgok;, , is a measure of the mean distance from the gas/liquid interface that a
molecule diffuses in the droplets before the reaction occurs (Stewart et al., 2004).

Therefore, the Hg,, can be estimated by the equation as follows:
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As a result, the calculated time profiles of Hg,, was input into the kinetic model.

Table S1. The mechanisms used in the kinetic model.

Reactions Rate constant Note
NOsz + hv+ H" — NO, + OH . )
SR1 NO3 + hv — NOy + O(P) Jno3- This study
N(II) + hv + H" — NO + OH JNo2- = 2 jnos-
SR2 N(111): NO>/HNO; o = 10 jnos. (Genetal., 2019)
NO2 + NO2 + H2O — NO2 + 8 (Seinfeld and
SR3 | Nog + 2 H* 10>10 Pandis 2006)
SR4 L 9 (Benner et al.,
NO; + OH — NOs + H 45 x 10 1988)
. ] 10 (Scharko et al.,
SR5 | NO2 + OH — NO2 + OH 1.0 x 10 2014)
SR6 | HNO2 + OH — NOz + Hz0 3.0 x 10° (SChgr()k&)et al.
SR7 | NO2 + NO + H20 — 2 NO2 + 2 20 x 10° (Seinfeld and
H* ' Pandis 2006)
L 10 (Seinfeld and
SR8 | NO +OH — N0z + H 2010 Pandis 2006)
SR NOs + NO; — N5 17 x| (Keogmemetal,
SRlO NZOS s N02+ + NO3_ >10 x 104 (BEth;(g?(;t al.,
SR11 | NOs* + H,0 — NOg + 2 H 8.9 x 107 (Behnke etal.,
1997)
+ ) 10 (Behnke et al.,
SR12 | NO>" + ClI" — CINO>» 3.9 x10 1997)
L 6 (Seinfeld and
SR13 | NO3 + H202 — NO3 + H* + HO2 1.0x 10 Pandis 2006)
. + 9 (Seinfeld and
SR14 | NO3+ HO2 —- NO3 + O+ H 45x10 Pandis 2006)
9 (Zhang et al.,
SR15 | OH + OH — H,0> 5.5 x 10 2021)
3 9 (Klaning et al.,
SR16 | O(°P) + O2 — O3 4.0 x 10 1984)
SR17 | OH + 03 — HO; + Oy 1.0 x 108 (SEhelséeg‘l)et al,
SR18 | OH + H20; — HO; + Hz0 2.7 x 107 (Buxton etal.,
1988)
SR19 | HSOs + OH — SO3™ + H,0 4.5 x 10° (Seinfeld and
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Pandis 2006)

(Seinfeld and

SR20 | 509+ 02 = 805 L5 x10° Pandis 2006)
SR21 | SOs + HSO5 — HSOs + SO5 2.5 x 10* (F,S:n'g:c:'zdo";‘)%‘;
sRez | 07 THSOT SO0 | g | e
SRea | 07 THSOTTSOTHSON | g | e
SR24 | SO4 + SOs — S20¢% 45 x 10° Sﬂg:‘:lzdo%%?
SR25 | SO4 + NO3” — SO4* + NO3 50 x 10° (Lﬂgiggrg;et al.,
s 000 e vor_|_soww | G
SR27 | SO + H20; — SO + H* + HO, 1.2 x 107 (Fiﬂguf: Iéjog%(;
o ononssor | _sowi | Goman
SR29 | SO4” + OH — HSOs 9.5 x 10° (Klarllglglt)et al.,
oo vor | o | Soa
o [ soro | e | G
a0 zs0i 0| _eonw | Gom
oo | S0 SO T IS0 || i
SR35 | HSOs” + OH — SOs" + H,0 17 % 107 (Sein_feld and
. Pan_dls 2006)
SR | o, o TOTTTE L a0 00
SR37 | HSOs™ + H202 — S04 + H,0 7.45 x 107 (Pi‘a'grs'gogrg
sRap | SNOTLSR OISO T s | e
SR39 '8\'8422__12'?23_ +H"— NOH + 3.8 x 10° (Gen et al., 2019)
SR40 | CI"'+ hv — Cl JoI- This study
SRé1 | G + OH - CloH o Cain1 | Samgisson
SR42 | CI + Cl & Cly ki gg - 18? (Zhe;%% g)t al.,
SR43 | CI + Hi0 o CIOH + H st | St soon
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Zhang et al.,
2020)
SR44 | Cl +Cl — Cl 8.8 x 107 (BU'?Oalngt)?t al.,
SR45 | Cl + Cl; — Clo + CI 21 % 10° (Yu az%%garker
T R R e A il
s laere oo | s | G
s oo | s | Gt
SR49 | Cly" + OH — HOCI + CI 1.0 x 10° (Bulzmoalngt)et al.,
SR50 | Cly” + NO3 — NOs + Cly 1.0 x 10° (Pozl;.r’eg())/gggv et
SR51 | Cl; + HO2 - 2 Cl + Oz + HY 45 % 10° (F)Saenigrslzdogréc)i
SR52 | Cly + OH" — 2 CI' + OH 73 x 10851 (PSaenlgrselzdogréc)i
SR53 | Cly + H20; — 2 CI' + HOz + H* 1.4 % 10° (Psaenigif:gioggt;
SR54 | HOCI <> H* + OCI- ks T :1-54.% >)<( 11%313'1 (Bul?oalngit al.,
SR55 | CI" + HSOs” — SO4* + product 18x 107 (Fiﬁ:grf Iéjogrc]s()j
SR56 | CI" + SO4 <> SO4% + Cl lk<; z gfs) >><< 182 (Macg%lgg)et al.,
SR57 | Cl + HSO3” — CI" + H* + SO’ 3.4 x 10° (HUii gg%Neta
SR58 :9C| +HSO3" — SO4% + ClI + 2 26 x 10° (Hor\zlgBhG;Jt al.,
SR59 | Cly + HSOg — 2 CI + H* + SO5° 3.4 x 10° éi‘;'gfflzcioggt)i

Table S2. Initial chloride concentration input in the kinetic model.

Exp. Experimental conditions E-AIM predicted | Corrected [CI]
# [CIT (M) (M)
1 NaCl droplets equilibrated at | 4.6 3.9
80% RH
2 NaCl droplets equilibrated at | 6.2 55
70% RH
3 NaCl droplets equilibrated at | 7.7 6.3
60% RH
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Table S3. Summary of nitrate photolysis rate constant, jnos-, and chloride photolysis

rate constant, jci..

Conditions jnos- (s jor- (1)
NaCl + SO; + light at 80% RH N/A 1.8 x 10”7
NaCl + SO; + light at 70% RH N/A 4.7 x 107
NaCl + SO; + light at 60% RH N/A 5.6 x 10”7
NaCl + NO, + light at 80% RH 1.2 x 10® 5.3 x 107’
NaCl + NO, + light at 70% RH 1.2 x 10® 5.1 x 1077
NaCl + NO; + light at 60% RH 1.2 x10° 5.0 x 107
NaCl + SO, + NO; + light at 80% | 1.4 x 10® 3.8 x 107
RH

NaCl + SO, + NO; + light at 70% | 1.4 x 10 4.4 %107
RH

NaCl + SO, + NO; + light at 60% | 1.6 x 10 4.1 %107
RH

Table S4. Sulfate production rate under various conditions.

Exp. | Experimental conditions Averaged Sulfate Averaged Sulfate
# production rate (first production rate
stage) (Mss™) (second stage) (Mes™?)
1 | NaCl+NO; +SO; + 1.6 x 10°® 2.7x10°
light + air + 80% RH
2 | NaCl + SO; + light + air 1.3 x10®
+ 80% RH
3 | NaCl + NO2 + SO, + 2.3x10° 5.9 x 10°®
light + air + 70% RH
4 | NaCl + SO; + light + air 2.3x10°
+ 70% RH
5 | NaCl + NO2 + SO, + 3.1x10° 8.6 x 10°®
light + air + 60% RH
6 | NaCl + SO; + light + air 3.3x10°
+60% RH
7 | NaCl + SO; + light (low 1.7 x 10°®
intensity) + air + 60%
RH

Table S5. Uptake coefficient of SO2, ys0,, at different RHs.

Exp. | Experimental conditions Yso2, (first stage) Yso2, (second stage)
#
1 | NaCl + NO; + SO, + (0.7 +£ 0.12) x 10°® (1.2 £0.09) x 10
light + air + 80% RH
2 | NaCl + SO + light + air (0.7 £0.03) x 10°
+80% RH
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NaCl + NO; + SO, +
light + air + 70% RH

(1.1%0.06) x 10°

(2.8 0.06) x 10

NaCl + SOz + light + air
+ 70% RH

(1.1%0.08) x 10°

NaCl + NO2 + SO, +
light + air + 60% RH

(1.4 0.11) x 10°

(4.0 £ 0.10) x 10°

NaCl + SO + light + air
+60% RH

(1.4 +0.10) x 10°°
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Figure S1

Figure S2. Calibration curve of (a) Na2SO4 and (b) NaNOs.
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Figure S3. Experimentally measured and model-predicted sulfate and nitrate

concentration as a function of time under various conditions.
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Figure S4. Cl depletion during unary uptake of NO> into NaCl droplets under dark.
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80% RH, respectively. The corrected initial ClI" concentration based on the n(CI
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Figure S6. Sulfate concentration as a function of time during the unary uptake of SO>

into NaCl droplets at 60% RH at different light intensities.
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Figure S18. Model simulation of nitrate formation from unary uptake of NO2 under
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Figure S19. Nitrate from the reaction of Cl.” + NOs during unary uptake and co-
uptake at (a) 80% RH, (b) 70% RH, and (c) 60% RH.
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Figure S20. (a) Nitrate concentration as a function of time during unary uptake of
NO: into NaCl droplets at all RHs. (b) The nitrate concentration as a formation of

time at different RHs during co-/unary uptake under irradiation.
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Figure S21. Model simulation of nitrate during co-uptake of NO2 and SO, at 70% and
60% RH.
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Figure S22. HSOs™ concentration as a function of time at 60%, 70%, and 80% RH
during unary uptake of SO, under dark. No sulfate was observed in these three

conditions.
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Figure S23. Estimated Cl> concentration in the presence and absence of SO at all
RHs.
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