Table S1. Data for NaNOs3, Na,SO4 and 1:1 NaNOs/Na,SO,4 aerosol experiments shown in
Figure 2 of the main text.

NaNO;

50% RH 70% RH
Time (S) chpp((:ié) std.dev. | Time (s) C(Ep p((ttié) std.dev.
0.75 1.78E-02 3.63E-03 0.75 4.17E-02 6.74E-03
1.26 2.73E-02 | 5.30E-03 | 1.25 6.40E-02 7.70E-03
1.76 2.83E-02 3.91E-03 1.75 8.61E-02 8.49E-03
2.27 3.62E-02 4.58E-03 2.25 1.07E-01 8.33E-03
2.77 5.25E-02 5.94E-03 2.76 1.17E-01 1.12E-02
3.28 6.12E-02 | 4.09E-03 | 3.26 1.48E-01 1.10E-02
3.78 6.80E-02 5.59E-03 3.76 1.68E-01 1.49E-02

Na,SO,

51% RH 70% RH

Time (S) [N-Osly(t) std.dev. | Time (s) [N-Osls(t) std.dev.
[N,Ox], (t=0) [N;Os], (t=0)
0.76 1.18E-03 | 2.65E-03 | 0.75 4.70E-03 3.48E-03
1.26 1.57E-03 1.61E-03 1.25 5.44E-03 4.31E-03
2.79 2.63E-03 2.61E-03 1.75 6.52E-03 3.32E-03
2.25 8.86E-03 3.45E-03
2.76 1.19E-02 3.36E-03
NaNO;+Na,SO,

51% RH 70% RH

Time (s) [NOsls(t) std.dev. | Time (s) [N-Osls(t) std.dev.
[N2Os], (t=0) [N2Os]g (t=0)
0.75 1.27E-02 2.14E-03 0.75 3.33E-02 4.19E-03
1.25 1.55E-02 | 3.26E-03 | 1.25 5.95E-02 8.93E-03
1.75 2.50E-02 | 3.65E-03 | 1.75 6.92E-02 1.13E-02
2.25 2.06E-02 3.47E-03 2.25 1.01E-01 1.21E-02
2.76 2.45E-02 | 3.99E-03 | 2.76 1.14E-01 8.94E-03
3.26 2.74E-02 | 3.47E-03
3.76 3.92E-02 3.61E-03




Description of box model calculations

The box model calculations are explicitly treating N,Os chemistry in the aqueous phase for
both labelled and non-labelled N,Os molecules, as well as exchange of both with the gas
phase. Diffusion is neglected in both phases. Labelling of reactions is done as in main text and

as indicated in Figure 3a of the main text.

The following chemical reactions have been used to describe the aqueous phase chemistry of
non-labelled N,Os:

NZOS(aq) — Nog(aq) + Nog(aq) kg (R4)
NO;(aq) + NO;(aQ) N205(aq) k5 (RS)

NO;q +HO iy —>NOgq +2H(

k7 (R7)

N,O ”N,Os Kgbg, Kgbb, Kogb, Kogg  (R3)

5(9)

The chemical scheme for labelled N,Os is analogous and assumes that the position of the
labelled N* atom within the N,Os is not relevant, such that upon dissociation, labelled
nitronium and labelled nitrate are formed at equal rates, but that otherwise the rate coefficients

are the same as for the non-labelled species:

N"NOgy —> N0} + NO3o ka/2 (R4)
N"NO;,, —> NO3,, + N0y, ka2 (R4")
N"O} 4y + NOj3u —> N'NOgq, ks (R5)
NO; g + NO3uy —> NNOg ks (R5)
NO3., + N0,y ——> N'NO; Ks (R5")
N"Oj. + H,0py —> N'Og +2H(y ke (R7)
NOjuy + H,04y —> NOguy +2Hiy Kk (R7)



N*NO5(9)(__N*NOS(aq) kgbg, I(gbb; kbgb, kbgg (R3')

NZOS(Q) Nzos(aq) I(gbg, I(gbb; kbgb, kbgg (R3)

Due to the small fraction of labelled N, reactions among labelled species are not included in
the scheme. The set of differential equations listed in Table S1 were used to solve for the

evolution of all gas and aqueous phase species with time using Matlab.

The exchange rate coefficients to describe gas-aqueous and aqueous-gas transfer of N,Os
were obtained from the steady state condition given by Henry’s law equilibrium, thus gas —
aerosol equilibrium in absence of chemical reaction (assuming that the gas phase chemical
reactions of N,Os are in steady state on the time scale of gas — aerosol equilibration). The
steady state of the gas phase N,Os concentration in equilibrium with aqueous phase N,Os is
described by:

d[N,O, ],

dt

[NZOS]aq _ [NZOS]aq -H RT
[NZOS]g Nav pNZOS/RT Nav

a, oS,

o,
:kbg[NZOS] V. N _#Sp[NZOS]g :Ojkbg :W

ag ¥ p' Y av

H' =

kng is the first order rate coefficient for the release to the gas phase in units of s™, V, is the
total aqueous phase aerosol volume per volume of gas phase in liter cm™, Sp the total aerosol
surface area per volume of gas phase in cm? cm™, poos is the partial pressure of N,Os in atm,
R is the gas constant (8.314 J mole™ K™), T is the temperature, H is the Henry’s law constant
in M atm™, H’ is the ratio of the aqueous phase molarity of N,Os to the gas phase
concentration in molecule cm™ and N, is Avogadro’s number (note that [N2Os]qq is in units of
M, while [N2Os]q is in units of molecule cm™®). The same result can also be obtained from

considering steady state for the aqueous phase N,Os concentration in an individual aerosol

particle:

d[NzOS]q o, a8 o, a8 S S

L 27— k INLO.] + P IN.O.] z=0=>k =—"°2"° “p_7p
dt 5[N:Os 4vaav[ :0sl, W 4v N H v,V

Where v, is the volume of an individual aerosol particle in liter, and s, its surface area in cm®.

Thus, the rate coefficients describing the gas — aqueous phase exchange are:



a8, mole cm?
P 4vN,, s liter molecule

_ %8, 5]
gbg 4

a8, [71]
bgb

4v, N, H’

‘ @S, molecule liter
9 4H scm® mole

The apparent net uptake coefficient, y and 7", can be derived from the effective loss rates of
the gas phase N,Os and N"NOs, respectively, obtained from the solutions to the differential
equations, via:

y = {— OI[NZOS]Q}/[Z’ s, [N 2os]g} = Koy IN,06 1, =Ky [N,O5 ] ]/B s, [Nzos]g}

dt
)= {_ W}/{iSP[N*NOEL} = [y [N"NOG |, Ko, [N*NOSL]/[%SF,[N*NOSL}

We note that due the fact that we neglect aqueous phase diffusion in the kinetics, these uptake
coefficients are only representing estimates and should be compared with caution to the
measured data. In principle they represent the uptake coefficients expected for small enough
particles (smaller than those in the experiments) such that liquid phase diffusion would not
play a role. While the apparent reacto-diffusive length based on the net hydrolysis kinetics is
rather large, the true dissociation as suggested here is rather fast. Inclusion of diffusion would
require an explicit depth resolving model, which was beyond the scope of this analysis. The
purpose of the simulations here was to simulate the behavior of labelled and non-labelled
N.Os in the aqueous phase and especially the exchange of labelled nitrate with the non-
labelled nitrate pool for the case of NaNOs.

For the simulations of the NaNO3 and mixed Na,SO, / NaNOj cases, we used the parameters
for the Kkinetics as compiled by Mentel et al. (1999). The aerosol composition was derived
from the E-AIM model as described in the main text and listed there in Table 1. Mentel et al.
(1999) assumed the solubility of N,Os to be 5 M atm™ (2 M atm™ in the IUPAC
recommended parameterization). As mentioned in the main text and in the other recent studies
(Bertram and Thornton, 2009), in view of the fact that the concentration of nitronium has

never been measured, the solubility and also the other rate coefficients determining its



concentration are not well constrained. Mentel et al. set the dissociation rate coefficient, k;, to
5x10° s, the rate coefficient for the recombination, k,, to 2.4x10™ M™ s, and the first rate
coefficient for the reaction of nitronium with water, ksx[H>O]aq, t0 x10° s (note that the
values given in Mentel et al.’s Table 2 are on a molality unit basis). This set of parameters
that led to agreement with their own data and also nicely explain the data with labelled N,Os

presented in this study in the main text without further adjustments.

For the simulations of the Na,SO, case, the dissociation and recombination rate coefficients
were Kkept constant, but the rate of reaction of nitronium with water, ksx[H»O].q, Was reduced
by one order of magnitude to x10° s, to obtain net uptake coefficients in agreement with the
measurement. As mentioned and discussed in the main text, reducing the dissociation rate
would have a similar effect. However, the parallel behavior of labelled and non-labelled N,Os

for the Na,SO, aerosol is not affected by that.
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Table S2: Differential equations. [N2Oslaq is in units of M, while [N2Os]gq is in units of

molecule cm™. The rate coefficients are explained in more detail on the previous pages.

d[N,0,]. ) ] o1
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