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S1 Pseudo-molar yields for early generation products  

The pseudo-molar yields for the early generation products formed form the ozone-initiated oxidation of isoprene are obtained 

from the MCM-predicted molecular concentrations of the early-generation products and the hypothetical model tracer species 5 

“isoprene reacted”. The used values are listed in Tables S1 and S2, representing different chamber conditions. 

S2 Total molar amounts of MCM species for the photooxidation of isoprene  (Rastak et al., 2017) at 40 % RH and         

25 °C 

The total molar amounts in the gas and particle phases of the MCM species formed from the photooxidation of isoprene are 

shown in Table S3. These molar amounts have been used to predict the SOA concentration formed using the equilibrium 10 

partitioning model. 

S3 Measurements of SOA mass concentrations and mass yields for the seed-free and seeded CLOUD experiments 

Measured SOA mass concentrations and mass yields from the seed free experiments shown in Fig. 3 of the main text are listed 

in Table S4. These data cover both lower (~ 35 % RH) and higher RH levels (~ 85 % RH). SOA mass concentration and mass 

yield data from selected CLOUD 9 experiments involving ammonium bisulfate seed in Fig. 6 are listed in Table S5. Table S6 15 

lists analogous data for SOA mass concentrations and mass yields from experiments with sulfuric acid seed particles. These 

data sets originate from the SOA mass concentrations and SOA mass yields data described in the PhD thesis by Fuchs 

(2017)(section 3.6.1 in that work).  

S4 Comparison with other isoprene oxidation studies 

S4.1 Impact of varying RH on gas–particle partitioning for the ozonolysis study by Sato et al. (2013) 20 

The model predicted SOA mass concentration for the ozonolysis of isoprene without an inorganic seed from low to high levels 

of water activity (1 – 99 % equilibrium RH) at similar experimental conditions as the ozonolysis study by Sato et al. (2013) is 

shown in the Fig. S1. The MCM-predicted system components and the surrogate species used were those from this study based 

on the CLOUD data from Fuchs (2017). 

S4.2 Impact of varying RH on gas–particle partitioning for the ozonolysis study by Clark et al. (2016) 25 

Figure S2 shows the model predicted SOA mass concentrations and mass fractions of the components at varying levels of 

equilibrium RH (1 – 99 % RH) for similar experimental conditions as the ozonolysis study by Clark et al. (2016). The model 

SOA surrogate system used is that based on CLOUD data from Fuchs (2017) for the seed-free case. 
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S4.3 Impact of varying RH on gas–particle partitioning for the ozonolysis study by Kleindienst et al. (2007) using 

ammonium sulfate seed (using CLOUD 9 scaling parameters for surrogate species) 

Modelled SOA mass concentrations with an ammonium sulfate seed at varying levels of equilibrium RH under conditions 

similar to the ozonolysis study by Kleindienst et al. (2007) is shown in the Fig. S3. Corrected scaling parameters (scaled down 

to 55 % of the original values) have been used to calculate the molar yields of the higher generation species (see Table 3). 5 

Model system components based on the CLOUD data from the study by Fuchs (2017) have been used. 

S4.4 Impact of varying RH on gas–particle partitioning for the ozonolysis study by Kleindienst et al. (2007) using 

ammonium bisulfate seed 

Modelled SOA mass concentrations with an ammonium bisulfate seed at varying levels of equilibrium RH under conditions 

similar to the ozonolysis study by Kleindienst et al. (2007) is shown in the Fig. S5. Corrected scaling parameters (scaled down 10 

to 55 % of the original values) have been used to calculate the molar yields of the higher generation species. Model system 

components based on the CLOUD data from the study by Fuchs (2017) have been used. 

S4.5 Impact of varying RH on gas–particle partitioning for 3.7 µg m-3 sulfuric acid seed at 25 °C 

Modelled SOA mass concentrations in the presence of a sulfuric acid seed at varying water activity levels at a temperature of 

25 °C are shown in Fig. S5. The CLOUD data based system components from Fuchs (2017) have been used for the model 15 

predictions. The scaling parameters for the surrogate components have been corrected / scaled down to 55 % of the original 

values to obtain model-measurement agreement for the SOA mass concentration at given levels of isoprene loading. 

S4.6 Impact of varying RH on gas–particle partitioning for the seed-free case of ozonolysis study by Fuchs (2017) using 

CLOUD 9 pseudo molar yields 

Figure S6 shows the predicted equilibrium phase compositions as a function of water activity for the case without an inorganic 20 

seed from low to high levels of water activity. The modelled SOA mass concentrations are used for comparing the SOA yields 

for the sulfuric acid seeded case with that of the seed-free case with comparable gas phase chemistry and early generation 

product yields. The same pseudo-molar yields as the CLOUD 9 seeded cases have been used for all the system components 

along with corrections for the higher generation product yields (scaling the yields for the surrogate species to 55 % of the 

original values) were used for the model calculation (see Table 3). 25 

 

S4.7 Impact of varying RH on gas–particle partitioning for the ozonolysis study by Fuchs (2017) using sulfuric acid 

seed (using CLOUD 9 pseudo-molar yields)  

Figure S7 shows the predicted equilibrium phase compositions as a function of water activity for the case with a sulfuric acid 

seed at 1.3 µg m-3 from low to high levels of water activity. The same amount of sulfuric acid seed as the ammonium bisulfate 30 

seed (see case 2 in Table 3) is used for comparison of SOA yield enhancement. The modelled SOA mass concentrations are 

used for comparing the SOA yield enhancement for the aerosol mixture with 3.7 µg m-3 of sulfuric acid seed (see case no. 3 in 

Table 3) and the aerosol mixture with 1.3 µg m-3 of sulfuric acid seed (see case no. 4 in Table 3). The same pseudo-molar 
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yields as the CLOUD 9 seeded cases have been used for all the system components along with corrections for the higher 

generation product yields (scaling the yields for the surrogate species by 55 %) were used for the model calculation.  

 

S4.8 Impact of varying RH on the total organic components for the study by Fuchs (2017) using sulfuric acid seed and 

ammonium bisulfate seed (using CLOUD 9 pseudo-molar yields)  5 

Figure S8a,b shows the total concentration of organic components in the PM phase as a function of water activity (bulk 

equilibrium RH) using sulfuric acid seed (a) or ammonium bisulfate seed (b). In the presence of sulfuric acid seed, the model 

predicts already high levels of PM organic mass concentration at low to intermediate RH levels followed by very little increase 

in PM mass concentration towards high RH levels, shown by the solid green line in Fig. S8a. The dashed lines in this Fig. 

provide the corresponding prediction for the seed-free case under otherwise equivalent simulation conditions.  10 
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Table S1.  CLOUD 10 seed-free case at 5 °C and ~1013 hPa chamber pressure. 

MCM species name Pseudo-molar yield a 

Glyoxal 2.91918E-03 

Methylglyoxal 1.72751E-02 

Methyl vinyl ketone 2.24310E-01 

MACO3H 2.75736E-01 

MACROOH 3.50011E-04 

HMACROOH 2.47619E-07 

a Pseudo-molar yield is the ratio of the molecular concentration of the MCM-predicted species formed per molecular 

concentration of the tracer species “isoprene reacted”. It is a dimensionless quantity. 

 

 5 

Table S2. CLOUD 9 inorganic seeded cases with ammonium bisulfate or sulfuric acid seed particles at 10 °C and ~1233 hPa 

chamber pressure. 

MCM species name Pseudo-molar yield 

Glyoxal 5.4621E-03  

Methylglyoxal 3.1898E-02 

Methyl vinyl ketone 2.3956E-01 

MACO3H 2.8100E-01 

MACROOH 5.1857E-04  

HMACROOH 5.6252E-07 
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Table S3. Total molar concentrations of the MCM species from the photooxidation of isoprene used with the AIOMFAC-

based gas–particle partitioning model for a target amount of ~ 3.6 μg m-3 SOA mass concentration at 40 % RH. 

MCM species name nt  (mol m-3) a 

IEB1OOH 2.3613E-08 

IEB2OOH 1.9473E-08 

C59OOH 1.6253E-08 

IEC1OOH 5.6733E-09 

C58OOH 2.4533E-09 

IEPOXA 2.9237E-09 

C57OOH 1.9933E-09 

IEPOXC 1.2669E-09 

HIEB1OOH 5.5422E-10 

INDOOH 4.0863E-10 

IEACO3H 4.6622E-10 

C525OOH 4.1566E-10 

HIEB2OOH 2.7711E-10 

IEC2OOH 3.1081E-10 

INAOOH 2.3350E-10 

C510OOH 1.7692E-10 

INB1OOH 1.1675E-10 

IECCO3H 1.5541E-10 

INCOOH 5.8376E-11 

INB2OOH 5.8376E-11 

2-methyltetrol dimerb  9.0452E-09 

a Total molar amounts (gas and particle phase) 

b 2-methyltetrol dimer was suggested by Surratt et al. (2010) and included in the photooxidation of isoprene MCM-based 5 

surrogate system by Rastak et al. (2017). 
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Table S4.  Measured SOA mass concentrations and mass yields at approximately 35 % or 85 % RH for the seed-free 

experiments (CLOUD 10 data). 

SOA mass SOA yield RH T Isoprene reacted 

(µg m-3) (%) (%) (°C) (µg m-3) 

3.35 2.35 35 5 142.8 

3.47 2.26 35 5 153.4 

3.46 2.14 35 5 161.8 

3.51 2.08 35 5 168.4 

2.76 1.59 35 5 173.9 

2.33 1.45 35 5 161.0 

2.01 1.38 35 5 146.0 

1.90 1.36 35 5 139.6 

1.84 1.37 35 5 134.1 

1.72 1.32 35 5 130.2 

1.68 1.41 35 5 119.2 

1.52 1.35 35 5 112.7 

1.21 1.06 35 5 114.7 

5.49 3.67 85 5 149.9 

5.63 3.47 85 5 162.0 

5.70 3.32 85 5 171.6 

5.70 3.19 85 5 178.7 

5.71 3.15 85 5 181.5 

4.83 2.75 85 5 175.7 

3.76 2.41 85 5 156.0 

3.09 2.27 85 5 136.1 

2.60 2.11 85 5 122.9 

2.37 2.08 85 5 113.8 

2.31 2.15 85 5 107.6 

2.02 1.97 85 5 102.3 

1.78 1.85 85 5 96.4 

1.57 1.74 85 5 90.0 
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Table S5.  Measured SOA mass concentrations and mass yields for the ammonium bisulfate seeded experiments (CLOUD 9 

data). 

SOA mass SOA yield RH T Isoprene reacted Inorganic seed mass Seed type 1 

(µg m-3) (%) (%) (°C) (µg m-3) (µg m-3)  

2.35 1.98 93.80 10 118.59 12.21 ABS 

2.31 2.08 81.87 10 111.30 9.75 ABS 

2.36 2.21 87.48 10 106.65 6.68  ABS 

2.03 2.18 83.03 10 93.54 3.98 ABS 

2.07 2.24 89.27 10 92.04 2.92 ABS 

1.45 1.88 81.77 10 77.05 1.69  ABS 

1.35 1.90 85.47 10 70.74 1.38 ABS 

2.18 1.98 82.10 10 110.05 6.23 ABS 

2.01 1.94 82.30 10 103.35 5.05 ABS 

2.10 2.07 88.33 10 101.15 3.88 ABS 

1.58 1.88 83.22 10 84.10 1.89 ABS 

1.53 2.02 89.94 10 75.65 1.30 ABS 

1.37 1.27 96.53 10 108.22 2.61 ABS 

1.43 1.45 85.78 10 98.91 2.16 ABS 

1.41 1.54 90.87 10 91.44 1.51 ABS 

1.15 1.54 83.78 10 74.14 0.81 ABS 

1.18 1.67 89.10 10 70.21 0.64 ABS 

1.29 1.18 94.79 10 109.68 1.86 ABS 

1.07 1.06 83.00 10 100.34 1.35 ABS 

1.03 1.07 89.30 10 96.15 0.925393 ABS 

0.74 0.99 83.13 10 74.83 0.446741 ABS 

1 Seed type of sulfuric acid to ammonium sulfate composition ratio similar to ammonium bisulfate (ABS)  
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Table S6.  Measured SOA mass concentrations and mass yields for the sulfuric acid seeded experiments (CLOUD 9 data). 

SOA mass SOA yield RH T Isoprene reacted Inorganic seed 

mass 

Seed type 1 

(µg m-3) (%) (%) (°C) (µg m-3) (µg m-3)  

1.03 1.01 81.64 10 101.96 1.22 SA 

1.01 1.03 87.37 10 97.66 1.06  SA 

0.53 0.91 83.50 10 58.12 0.28 SA 

1.69 1.18 89.28 10 143.06 3.21 SA 

1.56 1.23 82.35 10 126.44 1.79 SA 

1.52 1.30 91.61 10 116.75 1.33 SA 

0.90 1.14 82.64 10 79.17 0.53 SA 

2.04 1.57 86.47 10 130.16 3.76 SA 

1.52 1.44 83.28 10 105.42 1.92 SA 

0.79 1.33 83.33 10 59.25 0.50 SA 

1.98 1.74 95.39 10 114.14 4.89 SA 

1.53 1.56 83.10 10 97.85 3.35 SA 

1.59 1.77 88.66 10 89.98 2.50 SA 

1.04 1.51 84.14 10 69.00 1.14 SA 

1.06 1.89 91.14 10 56.04 0.66 SA 

2.35 1.98 93.80 10 118.59 12.20 SA 

2.31 2.08 81.87 10 111.30 9.75 SA 

2.36 2.21 87.48 10 106.65 6.68 SA 

2.03 2.18 83.03 10 93.54 3.98 SA 

2.07 2.24 89.27 10 92.04 2.92 SA 

1.45 1.88 81.77 10 77.05 1.69 SA 

1.35 1.90 85.47 10 70.74 1.38 SA 

2.18 1.98 82.10 10 110.05 6.23 SA 

2.01 1.94 82.30 10 103.35 5.05 SA 

1 Seed type of sulfuric acid to ammonium sulfate composition ratio similar to sulfuric acid (SA). 
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Figure S1. Predicted mass concentrations of the components (shown stacked; excluding water) for the seed-free case of ozone-

initiated isoprene oxidation in (a) the gas phase and (b) the single liquid particle phase present. (c) The mass fractions in the 

liquid phase including water. All for 1 % to 99 % water activity (equilibrium RH) and a reacted isoprene concentration of 5484 5 

µg m-3 at 25 °C.  

 

 

 

 10 

Figure S2. Predicted mass concentrations of the components (shown stacked; excluding water) for the seed-free case of ozone-

initiated isoprene oxidation in (a) the gas phase and (b) the single liquid particle phase present. (c) The mass fractions in the 

liquid phase including water. All for 1 % to 99 % water activity (equilibrium RH) and a reacted isoprene concentration of 278 

µg m-3 at 5 °C.  

 15 
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Figure S3. Predicted equilibrium gas phase (a) and liquid phase (b) mass concentrations for a reacted isoprene concentration 

of 1270 µg m-3 at 22 °C, 0.05 µg m-3 of ammonium sulfate seed and variable water content (1 % to 99 % water activity). Using 

the same corrected scaling parameters for calculating the molar yields of higher generation species as for the CLOUD 9 seeded 5 

cases. The predicted phase compositions shown in (a) and (b) are exclusive of the water content. (c) The solid-phase 

concentrations of ammonium sulfate (≤ 0.05 µg m-3), where present, are very small on the shown scale compared to the organic 

mass concentrations in (b). (d) Mass fractions in the liquid phase α and (e) the solid ammonium sulfate phase δ (where present). 

Shown in panels (a), (b), (c) are phase-specific mass concentrations for a humidification scenario, with deliquescence of 

ammonium sulfate predicted to occur at aw ≈ 0.36 and solid–liquid equilibrium below that water activity level. Here the 10 

deliquescence point of this salt is relatively low compared to pure ammonium sulfate (+ water) due to the low salt mass fraction 

and related dilution by the organic compounds and water. 

  



11 

 

Internal 

 

Figure S4. Predicted equilibrium gas phase (a) and liquid phase (b) mass concentrations for a reacted isoprene concentration 

of 1270 µg m-3 at 22 °C, 0.05 µg m-3 of ammonium bisulfate seed and variable water content (0 % to 99 % water activity. The 

predicted phase compositions shown in (a) and (b) are exclusive of the water content. (c) Mass fractions in the liquid phase α, 

including water content. 5 

 

 

 

 

 10 

Figure S5.  Predicted equilibrium gas phase (a) and liquid phase (b, c) mass concentrations for a reacted isoprene 

concentration of 130 µg m-3 at 25 °C, 3.7 µg m-3 of sulfuric acid seed and variable water content (0 % to 99 % water 

activity). The predicted phase compositions shown in (a) to (c) are exclusive of the water content. (d, e) Mass fractions in the 

liquid phases α and β, including water content.   
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Figure S6.  Predicted equilibrium gas phase (a) and liquid phase (b) mass concentrations for a reacted isoprene concentration 

of 130 µg m-3 at 10 °C, seed-free case and variable water content (1 % to 99 % water activity). Pseudo-molar yields from the 

CLOUD 9 case were used for all system components (i.e. with scaling factor applied relative to CLOUD 10 case). The 5 

predicted phase compositions shown in (a) and (b) are exclusive of the water content. (c) Mass fraction in the liquid phase α 

including water content. 
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Figure S7.  Predicted equilibrium gas phase (a) and liquid phase (b, c) mass concentrations for a reacted isoprene concentration 

of 130 µg m-3 at 10 °C, 1.3 µg m-3 of sulfuric acid seed and variable water content (1 % to 99 % water activity). The predicted 

phase compositions shown in (a) to (c) are exclusive of the water content. (d, e) Mass fractions in the liquid phases α and β, 15 

including water content.  
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Figure S8.  Predicted equilibrium total PM and total organic PM mass concentrations for a reacted isoprene concentration of 

130 µg m-3 at 10 °C, with (a) 1.3 µg m-3 of sulfuric acid seed or (b) 1.3 µg m-3 of ammonium bisulfate seed at variable water 5 

content (0.1 % to 99 % water activity). Solid lines show the model predictions for the AIOMFAC-based equilibrium 

partitioning case and the dashed lines show the model predictions for equilibrium partitioning assuming ideal mixing. 
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Figure S9.  Predicted mole-fraction-based activity coefficients of water and the organic compounds for the seed-free isoprene 

oxidation system shown in Fig. 4 of the main text; see further details there. An activity coefficient of 1 indicates ideal mixing 

on mole fraction basis. 5 
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Figure S10.  Predicted mole-fraction-based activity coefficients of water and the organic compounds for an isoprene oxidation 

system with (a, b) 3.7 µg m-3 sulfuric acid seed (similar to system of Fig. S5 but here at 10 °C) and (c) the corresponding seed-5 

free case (for the system shown in Fig. S6).  The reacted isoprene concentration was 130 µg m-3 at 10 °C in both cases. Pseudo-

molar yields determined by the CLOUD 9 case were consistently used for all system components (i.e. with scaling factor 

applied relative to CLOUD 10 case).  (a) The activity coefficients in the aqueous, sulfuric acid rich phase α (not showing 

activity coefficients of inorganic ions). (b) The activity coefficients in organic-rich phase β shown for the water activity range 

where this phase coexists with phase α. Only a single phase exists in the seed-free case (c). Note the different ordinate scales. 10 


