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 Context:  

In the high troposphere, soot might act as condensation nuclei for both liquid water (CCN) and ice (IN) and lead to 

the formation of contrails. When certain conditions (p, T, RH) are met, contrails can trigger the formation of 

cirrus-like clouds and affect the radiative forcing of the atmosphere. The transformation of soot into CCN depends 

on their size, morphology and chemical composition. 

 
Objectives / scientific questions: 
In order to study the link between soot aging and CCN activity, the hygroscopic properties of kerosene soot 

particles have been investigated as a function of their aging with atmospheric oxidants: OH, SO2, O3 in the 

CESAM simulation chamber. From the measurements of the critical surpersaturation required to activate soot, 

the hygroscopic parameter, , is derived using a model based on extended -Köhler theory. 

 

 

 
Figure 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 

Soot particles from a kerosene flame are sampled using a high dilution probe and introducing in the 

CESAM simulation chamber where they are exposed to OH, O3 and/or SO2 at different exposures 

(concentration of the oxidant time duration of the exposure). During the exposure, the activated 

fraction (Fa= number concentration of droplets divided by number concentration of dry particle) is 

measured using a cloud condensation nuclei counter and condensation particle counter. Experiments 

are performed for size-selected soot particles against oxidant exposures. The hygroscopic parameter, , 

is determined using a model based on extended -Köhler theory and can be compared to data published 
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by similar works. 

In Figure1, the activation curves (Fa) are plotted as a  function of supersaturation (SS in %) for 

different exposures of fresh soot to oxidants. Dots are the experimental data and solid lines are 

obtained by the -Köhler theory. This figure clearly shows that soot particles exposed to O3 and SO2 

are rapidly activated (blue curves) compare to fresh soot (black curve). In Figure 2, the critical 

supersaturation, SSc (SS = SSc for Fa=0.5) is determined for all activation curves and reported in the 

graph (SSc-Dp) commonly used to compare hygroscopic properties of particles of different chemical 

composition and different size. It is observed that the parameter decreases when soot are exposed 

to oxidants and reach ~0.5 which is in the range of measured for NaCl particles known to be 

hygroscopic compound. 

Main conclusions are: 

- Fresh soot particles sampled from a kerosene flame are hydrophobic. 

- When exposed to ozone and SO2 in the CESAM simulation chamber, fresh soot are activated into CCN. 

- Critical supersaturation was measured at SSc ~ 0.2 %, a value in the range of supersaturations 

observed during cloud formation. 

- These results provide elements of understanding in the role of soot in the formation of clouds and 

their lifetime. These data can also be useful for atmospheric modeling of droplet formation or ice 

nuclei. 

 Future of the project :  

- To determine the link between activation of soot and chemical heterogeneous reactivity on soot surface using: 

1) on-line aerosol mass spectrometry (AMS) and 2) off-line high resolution mass spectrometry (ToF SIMS). 
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