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Radicals are important intermediates in many industrially considerable processes and in synthetically useful reactions as well as in biological systems. However, the methods to detect radicals are limited. In order to develop a new method to detect radicals in solutions, we studied the thermolysis of azo compounds using an electrospray (ES) ionization mass spectrometer.   2,2’-Azobis-(2-(2-imidazolinyl)propane (1) was selected as the subject for this study as it decomposes rapidly at fairly low temperatures and has a high polarity to be solved in aqueous solvent mixtures.

The azo compound 1 decomposes thermally by giving two 2-(2-imidazonlinyl)propyl radicals (2) and elimination of nitrogen. The radical 2 then can react in different ways, i.e. radical combination, disproportionation or addition to other compounds (e.g. oxygen). As the consecutive reactions of the radical 2 are of a very high reaction rate, the effective steady-state concentration of 2 in the reaction solution is very low. The concentration of the reaction products will be much higher, thus complicating the detection of 2.
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With a home-built ES ion source, which allowed us to heat the ES spray capillary, we were able to monitor the progress of the reaction on line by mass spectrometry (MS). The products resulting from radical combination and disproportionation as well as some other products could be identified by MS. The expected peak of the radical 2 was not directly observed in the mass spectrum as it was interfered by the first isotope peak of product 3 resulting from disproportionation of the radical.

Nevertheless, it was possible to distinguish radical 2 and the isotope peak of unambiguously 3 by MS/MS as their fragmentation pattern was quite different. The temperature dependence of the concentration of radical 2 was measured and correlated to calculations based on the kinetics of the observed reactions.

In summary, it has been shown that transient radicals could be ionized by ES and detected by MS. With the use of MS/MS the radical signal could be clearly distinguished from interfering signals of stable products.









