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SI Text1: Acid-base model differential equations 13 

 14 

 The model integrates the differential equations listed below using a fourth-order Runge-15 

Kutta algorithm. The time-dependent concentration for each cluster depends on the balance 16 

between production rate, P, and loss rate, L. Relevant loss terms in the present study (analyzing 17 

new particle formation in the CLOUD chamber) are the wall loss rate, kw, the dilution rate, kdil, 18 

and the condensation/coagulation sink (see Kürten et al., 2018). For the smallest clusters the 19 

evaporation rate, E, is also a relevant loss process. The clusters in the molecular size bins are 20 

denoted by their sulfuric acid content, A, where an index indicates the number of molecules 21 

contained in the cluster. For the smallest clusters (monomer up to the tetramer) the clusters are 22 

also distinguished according to their base content, where B with an index indicates the number 23 

of base (ammonia) molecules in the cluster (note that the clusters never contain more base than 24 

acid, see main text). This nomenclature results in the following set of equations. 25 

 26 

Monomers (A1 and A1B1): 27 

 28 
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 34 

The last term in the equation of the losses (L) represents the condensation/coagulation sink. 35 

 36 

The parameter A1,total is a constant input parameter determining the total sulfuric acid 37 

concentration. From this the concentration of “free” sulfuric acid is calculated in every time 38 

step of the integration: 39 
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Dimers (A2, A2B1 and A2B2): 44 
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Trimers (A3, A3B1, A3B2 and A3B3): 66 
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Tetramers (A4, A4B1, A4B2, A4B3 and A4B4): 97 
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From the concentrations of the acid-base clusters the concentrations of the total monomer (N1), 135 

dimer (N2), trimer (N3) and tetramer (N4) can be determined:  136 

 137 
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The calculation of the larger clusters (starting with the pentamer) and particles is calculated in 146 

the same way as described previously (Kürten et al., 2018): 147 
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 155 

SI Text2: Calculation of evaporation rates 156 

 157 

Evaporation rates are calculated from dH (in kcal mol-1) and dS (in cal mol-1 K-1) according to 158 

(Ortega et al., 2012, Kürten et al., 2015): 159 

 160 
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 162 

The equilibrium constant, Keq, is given by 163 

 164 
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 166 

The constants are kB = 1.381×1023 J K-1 and Rgas
’ = 1.987 cal mol-1 K-1; T is the temperature and 167 

K the collision rate constant (Chan and Mozurkewich, 2001); the scaling factor 106 is used to 168 

convert the collision constant from cm3 s-1 to m3 s-1.  169 
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SI FIGURES 170 

 171 

 172 

 173 

Figure S1: Probability density functions of dH and dS values for 11 clusters in the acid base 174 

system (AxBy = cluster of sulfuric acid and ammonia with x sulfuric acid molecules and y 175 

ammonia molecules). The solid curves show the results from the Monte Carlo simulation. The 176 

vertical lines indicate the literature data from Ortega et al. (2012, dashed lines) and Hanson et 177 

al. (2017, dotted lines).  178 
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 179 

 180 

Figure S2: Comparison between simulated and measured new particle formation rates for five 181 

different temperatures. The color code indicates the ammonia mixing ratio; the grey symbols 182 

indicate pure binary conditions. The model uses the median values from Table 1 as the 183 

thermodynamic data (see also Figure 2).  184 
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 185 

 186 

Figure S3: Comparison between simulated and measured new particle formation rates for five 187 

different temperatures. The color code indicates the ammonia mixing ratio; the grey symbols 188 

indicate pure binary conditions. The solid lines show results for the thermodynamic data from 189 

Ortega et al. (2012) implemented in the model of the present study. The dashed lines show the 190 

calculated NPF rates published previously by using the ACDC model with the same 191 

thermodynamic data (Kürten et al., 2016).  192 
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 193 

 194 

Figure S4: Comparison between simulated and measured new particle formation rates for five 195 

different temperatures. The color code indicates the ammonia mixing ratio; the grey symbols 196 

indicate pure binary conditions. The model uses thermodynamic data from Hanson et al. (2017). 197 

The symbols (stars, hourglass symbols and hexagons) at 278 K are original data taken from 198 

Hanson et al. (2017). 199 

  200 
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