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Cold Plasmas for Analytical Applications
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Introduction

Through the PLASPAMS project we will develop an instrument dedicated to the real time detection and identification of species present in air at trace concentration or deposited on surfaces. We will combine plasma techniques and mass spectrometry in order to build a compact detector suitable for field operation.

Analytic applications in the field of security are particularly demanding:

-dangerous or prohibited molecules must be identified with precision among the many species potentially present ; -concentrations can go from the ppb range (1 molecule per billion) to % ;

-the more volatile molecules can be detected directly in air but species of low volatility will stay on surfaces and we need to desorb them efficiently in order to detect them. This will be the case for many explosives or narcotics ;

-the detector must be broadband, very sensitive and must have a fast response time. The most used ion molecule reaction for trace detection in air is the proton transfer from H 3 O + ions (protonated water)

H 3 O + + M  H 2 O + MH +
The reaction will be fast and efficient for molecules having a proton affinity higher than water (such as aromatic compounds, alcohols, aldehydes, nitrated explosives, narcotics,…) but will not occur with compounds having a proton affinity lower than water (which is the case for the main constituent of air N 2 , O 2 , Ar and also for alkanes, CFCs,…)

The precursor ions formed in the source will react with the sample air in a reaction zone where radiofrequency electric fields will help in guiding and transmitting the ions to the mass analyzer.

The intermediate zone can be used to break apart the cluster ions eventually formed in the source or to switch to another ionic precursor.

In a first time the analyzer will be a quadrupole. Then an ion trap will be developed in which collision induced fragmentation will help for precise identification. 

Conclusion

The PLASPAMS project combines plasma techniques and mass spectrometry. The project team associates cold plasma specialists, physico-chemist experienced in real time trace analysis and the AlyXan company (commercializing high-resolution mass spectrometers). The compact instrument developed will allow real-time analysis of traces present in air and of low volatility species deposited on surfaces . They will be transferred in the gas phase using cold plasma jets (without heating the surface) and detected with the very high sensitivity of mass spectrometry associated to chemical ionization. 
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