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Abstract 

 
Globally, a significant source of cloud condensation nuclei for cloud formation is thought to 
originate from new particle formation (aerosol nucleation). Despite extensive research, 
many questions remain about the dominant nucleation mechanisms. Specifically, a 
quantitative understanding of the dependence of the nucleation rate on the concentration 
of the nucleating substances such as gaseous sulfuric acid, ammonia, water vapor and 
others has not been reached. This is of relevance for climate as the atmospheric 
concentrations of sulfuric acid, ammonia and other nucleating agents are strongly 
influenced by anthropogenic emissions. Ions, produced e.g. by galactic cosmic rays, are also 
known to influence nucleation rates, however their importance is still debated. 
By providing extremely well controlled and essentially contaminant free conditions in the 
CLOUD chamber, we were able to show that indeed sulfuric acid is often an important 
component for such new particle formation, however, for the typical temperatures 
encountered in the planetary boundary layer the concentrations of sulfuric acid are not 
high enough to explain the atmospheric observations [1]. Moreover, the effect of ammonia 
[1], amines [2] and oxidized organic molecules [3] on the nucleation rate of sulfuric acid has 
been investigated. Results of a global model [4] show that nearly all nucleation throughout 
the present-day atmosphere involves ammonia or biogenic organic compounds, in addition 
to sulfuric acid. A considerable fraction of nucleation involves ions, but the relatively weak 
dependence on ion concentrations indicates that for the processes studied, variations in 
cosmic ray intensity do not appreciably affect climate through nucleation in the present-day 
atmosphere. Recently, we could also show that highly oxygenated molecules (HOMs) 
produced by the oxidation of biogenic precursors are able to trigger new particle formation 
on their own, even in the absence of sulfuric acid [5,6]. We confirmed that this mechanism 
does occur in today’s lower free troposphere [7]. We also show that this mechanism was 
important for the formation of additional new particles and cloud condensation nuclei in 
the preindustrial atmosphere, when sulfur dioxide emissions were substantially lower. This 
reduces the magnitude of the annual global mean radiative forcing caused by changes of 
cloud albedo, which implies a reduced climate sensitivity. 
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