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Laser-based time-resolved techniques have been applied to study reactions of free radicals 

and radical anions such as NO
3
, SO

4
-, Cl

2
-, Br

2
- and CO

3
- which are of interest for 

tropospheric aerosol and cloud chemistry which, from a chemical point of view, are often 

addressed as the ’atmospheric aqueous phase’ (Herrmann et al. (1995), Huie 1995, Zellner 

und Herrmann 1995). Experimental studies have been performed with bulk aqueous phase 

chemical techniques. The results obtained, however, are used as input parameters for 

modelling chemical conversions involving the atmospheric aqueous aerosol when 

heterogeneous reaction sequences are treated by a sequence of phase transfer from the gas 

phase followed by condensed-phase reaction for a given species. 

 
 

Fig. 1.  Possible aqueous particle phase conversions of free radicals and aromatic compounds. 

 



The results which are reported refer to free radical reactions with aqueous phase organic 

constituents from different substance groups such as aromatics, sulfur-containing compounds, 

aldehydes and acids. It will be shown that in some cases as in the reactions of HO
x
/NO

y
 with 

polar aromatics in aerosol particles, chain reaction sequences may form leading to effective 

conversion of compounds at the tropospheric aqueous aerosol. A schematic for such a 

possible sequence is given in Figure 1. 

Special emphasis was laid on the study of free radical reaction in the regime of high ionic 

strength as it is often observed in tropospheric aqueous aerosols. Field measurements within 

the framework of ACE-2 applying size-resolved chemical analysis and hygroscopicy 

measurements lead to detailled information of ionic strength regimes and compositions 

encountered within aqueous aerosols which will be presented. 

With regards to the laboratory studies different model systems will be discussed where 

reaction rate constants have been determined over a wide range of ionic strength. Such 

systems have been studied in reactions of NO
3
 (reactions with chloride, formate), Cl

2
-

(methanol, formate) and others. A simple model will be presented allowing the description of 

radical reaction rate constants by a simple kinetic scheme over a wide range of ionic strength 

in good agreement with the experimentally determined data. 

Based on available laboratory kinetic data as disussed before an extensive chemical 

mechanism for use in modelling of tropospheric cloud and aerosol chemistry has been 

developed. Results from different case studies will be presented and the main effects of 

aerosol chemical conversions, which here include cloud droplet chemistry, will be discussed. 
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