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Supplementary Table 1. List of experimental conditions for the CLOUD 14 experiments analyzed in 
this work. Both experiments were carried out in the absence of NOx and SO2. Both experiments also 
included a gradual increase in RH. Alpha-pinene (AP) and isoprene (IP) values refer to steady-state 
mixing ratios. 

Experiment 
number 

Temperature 
(K) 

RH (%) Peak mass 
concentration 
(µg/m3) 

AP 
(ppbV) 

IP 
(ppbV) 

Ozone 
(ppbV) 

1 243 20 to 60  5.7 5 30 100 
2 263 10 to 80 3 2 0 110 

 

Supplementary Table 2. Reaction rate constants for unimolecular reaction (ku) and bimolecular 
reaction (kb) of the Criegee intermediates, calculated based on acetone oxide data from Long et al. 
(2018). Data is given for the experimental conditions presented in Table S1.  

Temperature 
(K) 

ku 

(s) 
[H2O]low RH 

(molecules cm-3) 

[H2O]∙kb, low RH  
(s-1) 

[H2O]high RH 
(molecules cm-3) 

[H2O]∙kb, high RH  
(s-1) 

243 40.3 1.15e15 5.05e-3 3.44e15 1.51e-2 
263  65.7 3.93e15 2.39e-2 3.15e16 1.91e-1 

 

Supplementary Table 3. Reaction rate constants for HO2+RO2 reaction (kHO2+RO2) and HO2 self-
reaction in the presence of water (kHO2+HO2), obtained from Master Chemical Mechanism, MCM v3.3.1                               
(Jenkin et al, 1997; Saunders et al, 2003), via website: http://mcm.leeds.ac.uk/MCM and Stone and 
Rowley (2005), respectively. Data is given for the experimental conditions presented in Table S1.  

Temperature 
(K) 

kHO2+RO2 kHO2+HO2-lowRH  kHO2+HO2-highRH  

243 6.13e-11 9.07e-12 9.95e-12 
263  4.08e-11 5.62e-12 7.15e-12 

 

Supplementary Table 4. Comparison of OH production from photolysis, at low and high RH, and from 
α-pinene ozonolysis. The photolysis rate coefficient of O3 to O1D + O2 by the UV lamps was 
experimentally determined to be 5.7e-5 s-1. Reaction rate constants for the reactions of O1D were 
obtained from MCM (Jenkin et al, 1997; Saunders et al, 2003). The OH formation yield from α-pinene 
ozonolysis was taken to be 0.85 at both temperatures (Atkinson et al., 1992). Data is given for the 
experimental conditions presented in Table S1. 

Temperature 
(K) 

[OH]photolysis, low RH 

(molecules cm-3) 

[OH]photolysis, high RH 

(molecules cm-3) 

[OH]AP 

(molecules cm-3) 

243 3.84e4 1.15e5 1.49e7 
263  1.35e5 1.08e6 7.27e6 

 

http://mcm.leeds.ac.uk/MCM
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Supplementary Figure 1. Volatility sensitivity test of aerosol growth model with reducing log C* by 
1, at 243 K. Stacked signals of ELVOC, LVOC, SVOC and IVOCs in the particle phase, as measured 
by the EESI-TOF (a) and volumes measured by the SMPS and predicted by the different models (b-d). 
Volatility classes are defined at the experimental temperature. The RH is ramped up continuously from 
20% at 14:00 to 60% at 19:45. The model in (b) takes into account neither water activity nor kinetic 
limitations to partitioning. The model in (c) just takes into account water activity and the model in (d) 
includes both water activity and an easing kinetic limitation with RH. The lower and upper error bars 
are based on using the growth factor as estimated using Massoli et al. (2010) and Chang et al. (2010), 
respectively.  
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Supplementary Figure 2. Volatility sensitivity test of aerosol growth model with increasing log C* by 
1. Stacked signals of ELVOC, LVOC, SVOC and IVOCs in the particle-phase, as measured by the 
EESI-TOF (a) and volumes measured by the SMPS and predicted by the different models (b-d). 
Volatility classes are defined at the experimental temperature. The RH is ramped up continuously from 
20% at 14:00 to 60% at 19:45. The model in (b) takes into account neither water activity nor kinetic 
limitations to partitioning. The model in (c) just takes into account water activity and the model in (d) 
includes both water activity and an easing kinetic limitation with RH. The lower and upper error bars 
are based on using the growth factor as estimated using Massoli et al. (2010) and Chang et al. (2010), 
respectively.  
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Supplementary Figure 3. Humidity dependence of NH4
+-CIMS-Orbitrap data, shown as relative 

change to nitrate-CIMS data at high RH and low RH in (a), binned by number of oxygen atoms. 
Concentrations were normalized to nitrate-CIMS data at low RH (resulting in a “scaling ratio” of 1.0 
for common ions. Panel (b) shows correlation coefficients of time series of common ions in the nitrate-
CIMS and the NH4

+-CIMS-Orbitrap, before applying the corrections described in the methods section, 
while panel (c) shows an overall box plot. Data shown here is for Experiment 1, at 243 K.  

 

 

Supplementary Figure 4. Correlation coefficients of time series of concentrations per volatility bin 
from nitrate-CIMS and NH4

+-CIMS-Orbitrap data, after applying the corrections described in the 
methods section. Panel (a) shows the data for each volatility bin (log C*) while panel (b) shows an 
overall box plot. C* is defined here at 300 K. Data shown here is for Experiment 1, at 243 K.  
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Supplementary Figure 5. Temporal evolution of the gas-phase concentrations of different volatility 
classes as measured by the NH4

+-CIMS-Orbitrap (after correction) at 243 K and 263 K in (a-b) and by 
the nitrate-CIMS at the same temperatures in (c-d). 
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Supplementary Figure 6. Overview of a pure biogenic oxidation experiment where the RH is ramped 
up. The experiment is carried out at 263 K. (a) Particle number size distribution from the SMPS and 
RH trace overlaid in white. (b)  Time series of total SMPS mass, condensation sink and O:C ratio. The 
O:C ratio shown is from the AMS until 03:30, when it is replaced by EESI-TOF data due to an 
instrumental breakdown. (c) Time series of C10H16O2-5,7,8 compounds in the particle-phase from the 
EESI-TOF. C10H16O7,8 signals were multiplied by 3 for better visualization. (d) Time series of C10H16O3-

9 compounds in the gas phase from the nitrate-CIMS. 
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Supplementary Figure 7. Comparison of the O:C (left panel) and parameterized growth factors (right 
panel) obtained from the EESI-TOF and AMS for the experiment at 243 K. An average growth factor 
of the Massoli et al. (2010) and Chang et al. (2010) parameterizations is shown here.  

 

 

Supplementary Figure 8. Comparison of common ions from the EESI-TOF and FIGAERO-CIMS at 
243 K. Panel (a) shows a mass defect plot of common ions, colored by their correlation coefficient and 
sized by the square root of EESI-TOF intensity at high RH conditions. A box plot of the overall R2 is 
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given in panel (b). Panels (c) and (d) show time series of representative ions with different oxygen 
content (C10H16O3 and C10H14O6, respectively) in the EESI-TOF (left axis) and FIGAERO-CIMS (right 
axis). The RH is ramped up continuously from 20% at 14:00 to 60% at 19:45. 

 

Supplementary Figure 9. Change in gas-phase concentrations of C10H14,16,18Ox species between low 
RH conditions and high RH conditions, as measured by the nitrate-CIMS. The concentrations of the 
majority of measured species decrease at high RH as the condensation sink increases. Panels (a-c) and 
(d-f) show data from the experiments at 263 and 243 K, respectively. 
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Supplementary Figure 10. Hydrogen number distributions of C10 species in the particle and gas phase, 
at low and high RH, for the experiment at 243 K. Panels (a) and (b) show data from the particle phase, 
measured by the EESI-TOF, at low and high RH, respectively. Panels (c) and (d) show data from the 
gas phase, measured by the NH4

+-CI-Orbitrap, at low and high RH, respectively. Panels (e) and (f) show 
data from the gas phase, measured by the nitrate-CIMS, at low and high RH, respectively. The 
difference between the NH4-Orbitrap and the nitrate-CIMS is due to the low sensitivity of the nitrate-
CIMS to weakly oxygenated compounds. 
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Supplementary Figure 11. Time series of dimer compounds in the particle phase, as measured by the 
EESI-TOF, grouped by carbon number for the experiments at 243 K. The signals are normalized to the 
maximum of the signal under low RH conditions. As the dimer signals for the 263 K experiments are 
noisy due to the dimer mass concentrations nearing the detection limits of the EESI-TOF, it is difficult 
to draw conclusions and therefore that experiment is not shown. 

Supplementary Figure 12. Stacked signals of ELVOCs, LVOCs, SVOCs and IVOCs in the particle 
phase, measured by the EESI-TOF (a) and volumes measured by the SMPS and predicted by the 
different models (b-d), all at 263 K. Volatility classes are defined at the experimental temperature.  
The RH is ramped up continuously from 10% at 00:30 to 80% at 07:00.The model in (b) takes into 
account neither water activity nor kinetic limitations to partitioning. The model in (c) just takes into 
account water activity and the model in (d) includes both water activity and an easing kinetic limitation 
with RH. 
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Supplementary Figure 13. Total particle volume as measured by the SMPS (red line), compared to 
particle-phase water volume, as estimated by Massoli et al. (2010) and Chang et al. (2010), in blue and 
green, respectively. The panel on the left shows data at 243 K while the panel on the right shows data 
at 263 K. 

 

 

Supplementary Figure 14. Bulk diffusivity values (Db) used to reach the “best-agreement” model 
results (in Figures 3c and S5c) at 243 (a) and 263 K (b). Estimates using the growth factor 
parametrizations of Massoli et al. (2010), Chang et al. (2010) and an average of the two are given.  
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Supplementary Figure 15. Comparison of four different parametrizations for obtaining the glass 
transition temperature (Tg) from the molecular composition. The (left panel) shows the estimated Tg for 
each volatility bin, whereas the (right panel) shows time series of the estimated Tg for the SOA mixture 
in the experiment at 243 K.  

 

Supplementary Figure 16. Model sensitivity tests to bulk diffusivity (Db) for the 243 K experiment. 
Panels (a), (b) and (c) show the model results when using the parametrized glass transition temperature 
(Tg) to estimate Db, Tg -20 and Tg-40, respectively. Gas-phase concentrations were scaled accordingly 
to match the observed growth at the high RH peak and the scaling factors are stated in the figures as Cg. 
The obtained Db values are given in panels (d), (e) and (f). Estimates using the growth factor 
parametrizations of Massoli et al. (2010), Chang et al. (2010) and an average of the two are given.  
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Supplementary Figure 17. Model sensitivity tests to bulk diffusivity (Db) for the 263 K experiment. 
Panels (a), (b) and (c) show the model results when using the parametrized glass transition temperature 
(Tg) to estimate Db, Tg -20 and Tg-37, respectively. Gas-phase concentrations were scaled accordingly 
to match the observed growth at the high RH peak and the scaling factors are stated in the figures as Cg. 
The obtained Db values are given in panels (d), (e) and (f). Estimates using the growth factor 
parametrizations of Massoli et al. (2010), Chang et al. (2010) and an average of the two are given.  

 

 

 

Supplementary Figure 18. Comparison of time series correlations of modelled and measured 
compounds in the particle phase, on a molecular basis, for the experiment at 243 K. Circles are sized 
by the square root of their contribution in either the measured EESI-TOF data (left panel) or model 
(right panel) at the OA mass peak at high RH. Compounds with same carbon and oxygen atom numbers 
are summed up, and only species common to both the EESI-TOF and NH4

+-CIMS-Orbitrap are shown.  
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