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Summary

This supplementary information (Sl) section presents supplementary figures exploring growth by
N,Os, sensitivity tests of the kinetic model, particle composition outputs from the model, and model
results with the resolution of a long scanning mobility particle sizer (ISMPS).
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Figure S1 : Growth rates using input of HNO; as the limiting gas. All of the -10°C runs were limited by HNOs, these modelled
growth rates are calculated using only the measured HNO3 concentration, whereas for the model results presented in Fig. 1
the concentration of N,Os was added to the HNO; concentration for the model constraints. Including the N,Os concentrations
in the model brought the model and measured growth rates closer together, and also shifted the points right on the x-axis
since the gas concentration was increased.

Table S1: Data from figure S1. N,Os was modelled assuming that it has the same wall and condensation sink losses as

HN03 and H2504‘
Limitin N,O tv
Run & GR/nmhr! | N,0s/ pptv - / PP
gas / pptv assuming no
wall loss
1 228 1814.3 150 1300
2 64 495.6 24 196
3 41 113.41 17 150
4 59 611.97 9 370
5 24 25.65 2e-2 0.1
6 24 34.6 2e-2 0.1




7 23 26.6 le-2 2e-2
8 30 40.01 2e-2 6e-2
9 16 29.39 3e-3 2e-2
10 16 40.54 le-2 0.1
Flux,=vge, + hp, (S1)
pa=[4;] X Flux, (S2)

We calculated suitable production values of HNO;, NH3, and H,SO, based on the required steady-state

concentration in the absence of condensation. The vertical dry deposition fluxes of gas A, Flux,, were

calculated using equation S1 with literature deposition velocities, vge, for HNO3, NH3, and H,SO,,

shown in Table S2. The height of the boundary layer, hg, used was 1km. The production values of

HNO; and NH; were calculated using equation S2 from the deposition flux, and initial concentration

of A, [A]], considering the deposition flux as the highest loss rate for both gases. The production rate

of H,S0O, was calculated considering new particle formation as the highest loss rate of gaseous H,SO,.

The initial concentrations and production rates for the experiments in sections “Effect of

inhomogeneity of NH; concentrations in cities” and “Effect of temperature change during vertical

transport” are shown in Table S2.

Table S2: Calculation of diffusion losses

Gas Simulation T/°C | Deposition Boundary Initial Production rate
Velocity vge, | layer height | concentration | / molecules
/cms?t /cm cm3 st
HNO; | Temperature 15 4t 100,000 1 ppbv 1.1x10°
change
NH; Temperature 15 2?2 100,000 3 ppbv 1.6x106
change
H,SO, | Temperature 15 1.5 100,000 1x107 1.6x10°
change molecules cm3
HNO; | NH; 5 4t 100,000 0.2 ppbv 3.3x10°
inhomogeneities
NH; NH; 5 2?2 100,000 1 ppbv 6.5x10°
inhomogeneities
H,SO, | NH; 5 1.5 100,000 1x107 2.2x10°
inhomogeneities molecules cm3
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Figure S2: Temperature change sensitivity tests. All model Initial conditions are 3 ppbv NHs, 1 ppbv HNO3z and 1 x 10”7
molecules cm H,SO,. a) Repeat of model presented in Fig. 2c) with a change in temperature of 15°C from 15°C to 0°C.
Displayed here for comparison. b) Repeat of a) but with a temperature change of 10°C from 15°C to 5°C. c¢) Repeat of a)
with a temperature change of 5°C from 15°C to 10°C. It is clear that a larger temperature change results in a bigger change
to the nucleation mode.
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Figure S3: Rate of temperature change sensitivity tests. All model initial conditions are 3 ppbv NH3, 1 ppbv HNO; and 1 x
107 molecules cm™3 H,SO,. a) Model results with a temperature change of 10°C from 15°C to 5°C over 5 minutes. b) Repeat
of Figure S2b) Model results with a temperature change of 10°C from 15°C to 5°C over 10 minutes. Displayed here for
comparison. c) Model results with a temperature change of 10°C from 15°C to 5°C over 20 minutes. This shows that the
temperature change must be fast to affect the growing particles.
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Figure S4: Nucleation rate sensitivity tests. a) Model results with a temperature change of 15°C from 15°C to 0°C with
kinetic nucleation rates. b) Repeat of model presented in Fig. 2c) with a change in temperature of 15°C from 15°C to 0°C.
Displayed here for comparison. c) Repeat of b) but with fifty times lower nucleation rates. Since the nucleation rate affects
the pre-existing particle distribution at the time of activation, a lower nucleation rate can result in activation of fewer
particles.
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Figure S5: Initial temperature sensitivity tests. a) Model results with a temperature change of 10°C from 20°C to 10°C with
kinetic nucleation rates. b) Model results with a temperature change of 10°C from 15°C to 5°C with kinetic nucleation rates.
¢) Model results with a temperature change of 10°C from 10°C to 0°C with kinetic nucleation rates.

Figure S6 shows the relationship of the dissociation constant, K,,, with temperature. It can be seen
that in steady-state conditions, where the product of concentrations of gas phase NH; and HNO; are
equal to the saturation temperature, a change in 10°C from 20°C to 10°C results in more available
gas to condense than for 10°C to 0°C. K, can be calculated by integrating the van’t Hoff equation 3.
Equation S.1 shows the equation for K|, in units of ppb? (assuming 1 atm of total pressure) .

24,084

InK, = 118.87 - -6.025 InT (S.1)
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Figure S6: Dissociation constant of NH;NO; (K,./ppb?) vs temperature (T/°C).
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Figure S7: Number fraction of NH,;NO; from Fig. 2 and Fig. 3 as a function of time. Number fraction is defined as the number
concentration ratio (molecules cm / total molecules cm3). The simulated condensation sink starts with 10% NH,NO; and the
inputs of NHz and HNO; are saturated at 200 nm (i.e. 200 nm is the activation diameter). a) Model results from Fig. 2c)
(temperature change due to vertical transport). b) Model results from Fig. 3c) (inhomogeneities due to spikes of NH3). The
white colour represents absence of particles.
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Figure S8: Low-resolution replication of Fig. 3b). The size distribution from the model output presented in Fig. 3b) was
interpolated to the size bins of the long SMPS (89 logarithmically spaced size bins 20-480 nm) and 5-minute time resolution.
This illustrates that inhomogeneities may not be as noticeable in ambient measurements.
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