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Project Background: The Clean Air Act Amendments of 1990 listed a wide variety of 
toxic and hazardous compounds whose emissions into the atmosphere needed to be monitored 
and reduced. At that time, there was no single instrument or measurement technique available to 
detect and quantify the concentrations of these species in the atmosphere. To meet the 
requirements of the CAAA, novel instrumentation for reliable and robust trace gas detection was 
required. 

Objective: The objective of the Advanced Mass Spectrometer for Atmospheric 
Monitoring SERPD project was to develop Chemical Ionization Mass Spectrometry (CIMS) into 
a versatile, extremely sensitive, highly selective, and rugged field instrument for trace gas 
detection. The Air Force Research Laboratory at Hanscom AFB has a forty year history of 
successful mass spectrometric measurements of atmospheric ion and neutral composition. The 
Laboratory also has an international reputation in ion chemistry. The CIMS technique brought 
these two areas of expertise together. 

Technical Approach: In the CIMS technique, trace neutral species are converted to 
unique ions by ion-molecule reactions in a high velocity flow. The product ions are then 
detected by a sensitive mass spectrometer. The selectivity of the technique comes from the 
choice of suitable precursor ions that react with trace species of interest to give product ions that 
are stable and uniquely traceable to the presence of those neutral species. The precursor ions do 
not react strongly with the major atmospheric species, significantly reducing the possibility of 
interferences. The sensitivity is due to the fact that ion-molecule reactions are extremely fast, 
often occurring on every collision. 

The CIMS ion chemistry for S02 is based on C03- hydrates as the source ions and 
consists of the following ion-molecule reactions: 

(1) 

followed immediately by 

sol- + 02 + M ~ sos- + M. (2) 
Because no other reactions of C01- ions with atmospheric trace neutrals give product ions 
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