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S1. Deriving the reactive uptake coefficient from aqueous reaction rate constant

The reaction rate constant in the literature was used to derive the reactive uptake coefficient to particles under the
same conditions as in this study using the method in Davidovits et al. (2006).
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where @'y is the transport coefficient in the gas phase, 1/I 4 is the resistance due to the diffusion in the gas phase.
Similarly, 1/Ts;cand 1/T, are the resistance due to liquid phase saturation and liquid phase reaction, respectively.

o is the mass accommodation coefficient of SO,.

1/T 4igr can be derived using the following equation:

1 0.75+0.238Kn
ﬁ - Kn(1+Kn) (SZ)
where Kn is the Knudsen number. Knudsen number is defined as
y)
Kn = - (S3)

where A is the mean free path of molecule in the gas phase and a is the radius of the particle.

A can be derived from

3Dy
c

A= (84)

where D, is the diffusion coefficient in the gas phase and c is the mean molecular velocity.

c 1s derived from

c= \/i":; (S5)

where R is the gas constant, T is temperature, and M is the molecular mass of SO,.

1/T s can be derived from

1 c ftn
Tsat 4-HRT\/D:1 (86)

where H is the Henry constant of SO,, t is time, and D; is the diffusion coefficient of SO, in the liquid phase.

1/T «, can be derived from

1 c 1
= (87)
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where k., is the first order rate constant of the reaction in the liquid phase.

ern:k[NOZ(aq)] (Sg)

where k is the second order rate constant of the reaction of S(IV) with NO, and [NOy(aq)] is the NO,

concentration in the liquid phase.

[NOx(aq)[FHno2Pro2 (S9)

where Hyo; is the Henry constant of NO, and Pno; is the concentration of NO, in the gas phase.
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S2. Characteristic time for aqueous reaction and gas-particle equilibrium

The characteristic time to achieve the equilibrium in the gas-particle interface and for aqueous reaction

of SO, with NO, were derived using the method in Seinfeld and Pandis (2006).

aH* ZRHIRT

Ty = VR (S10)
1

Tro = (S11)

a is the radius of the particle, H' is the effective Henry constant, M is the molecular weight, R is the gas constant,
T is temperature, o is the mass accommodation coefficient of SO,. k., is the first-order rate constant of the
reaction in the liquid phase (see Equation S8). The values of the constants are shown in Table S1.

The characteristic time to achieve the equilibrium in the gas-particle interface is around 4x10” s. The
characteristic time for aqueous reaction is 0.5 and 0.08 s using the reaction rate constant of 2x10° mol™ L s™ (Lee

and Schwartz, 1983) and 1.24x10" mol™ L s (Clifton et al., 1988), respectively.



50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

References

Bones, D. L., Reid, J. P., Lienhard, D. M., and Krieger, U. K.: Comparing the mechanism of water
condensation and evaporation in glassy aerosol, Proc. Nat. Acad. Sci. U.S.A., 109, 11613-11618,
10.1073/pnas.1200691109, 2012.

Clifton, C. L., Altstein, N., and Huie, R. E.: Rate-constant for the reaction of NO, with sulfur(IV) over
the pH range 5.3-13, Environ. Sci. Technol., 22, 586-589, 10.1021/es00170a018, 1988.

Davidovits, P., Kolb, C. E., Williams, L. R., Jayne, J. T., and Worsnop, D. R.: Mass accommodation
and chemical reactions at gas-liquid interfaces, Chem. Rev., 106, 1323-1354, 10.1021/cr040366k, 2006.
Lee, Y.-N., and Schwartz, S. E.: Kinetics of oxidation of aqueous sulfur (IV) by nitrogen dioxide, in:
Precipitation Scavenging, Dry Deposition and Resuspension, edited by: Pruppacher, H. R., Semonin, R.
G., and Slinn, W. G. N., Elsevier, New York, 453-466, 1983.

Mahiuddin, S., and Ismail, K.: Concentration dependence of viscosity of aqueous electrolytes. A probe
into the higher concentration, J. Phys. Chem., 87, 5241-5244, 10.1021/;150643a036, 1983.

Seinfeld, J. H., and Pandis, S. N.: Atmospheric chemistry and physics: from air pollution to climate
change, 2nd ed., John Wiley &Sons. Inc., 2006.



67 Table S1 Constants used for deriving uptake coefficients from reaction rates and deriving characteristic time

Parameter Value Reference
D, (m*s™) 10° -
a (m) 8.3x10° -
R (J mol K™ 8.314 -
T (K) 298 .
Moz (Kg mol™) 6.4x107 -
o 0.35 Davidovits et al. (2006)
D, (m*s™) 8.3x107* Mahiuddin and Ismail (1983)
Hgoz (mol L™ atm™) 1.23 Seinfeld and Pandis (2006)
Hyo (mol L™ atm™) 1x102 Seinfeld and Pandis (2006)
k (mol L s 2x10° Lee and Schwartz (1983);
1.24x10’ Clifton et al. (1988)

68  “The aqueous phase diffusion coefficient was derived from the viscosity of Ca(NO;), solution providing that
69  diffusion coefficient is inversely proportional to viscosity according to the Stokes—Einstein equation (Bones et al.,

70 2012) and assuming that the diffusion coefficient in water is 10° m”s™.

71



25 T T T T T T T T

| |

20 -
o
o
5

o 154 |
o
<
X

3 104 i
o
@

[ |

§ s i

14
0_
T T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80
13
7 Neas04(F10° mol)

73 Figure S1. Calibration curve for sulfate showing the peak area of sulfate at 1016 cm™ in Raman spectra versus the

74  amount of CaSO,.
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Figure S2. Raman mapping analysis of a CaCO; particle during the reaction with NO, (75 ppm) and SO, (75 ppm)
at 72% RH at the reaction time of 0, 8, 26, 40, 97, and 1053 min. Blue, red, and green indicate the Raman peak

intensity of carbonate, nitrate, and sulfate at 1087, 1050, and 1013 cm™, respectively.



