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Thermal Dissociation of the Trityl Radical Dimer –  Reaction Monitoring On-line by Electrospray Mass Spectrometry 
Jens Griep-Raming and Jürgen O. Metzger
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The thermal dissociation of the trityl dimer in solution has been investigated by ESI-MS. Measured ion abundances have been correlated with calculated trityl concentrations in solution.
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 simple radical reactions, such as dissociation of azo compounds, peroxides or radicals dimers with electrospray ionization (ESI) mass spectrometry (MS). For this pupose we have designed a new type of ESI source, which allows us to heat the spray capillary directly. Figures 1 and 2 show detailed drawings of the source.
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Figure 1 
Detail drawing of the ESI source with heatable spray capillary

When pumping sample solution through the spray capillary, it can be heated by applying a current to the heating tape. The platinium wire inserted into the spray capillary serves as the electrical contact for the ESI high voltage and as the oxidation electrode when using the electrolytic effect in ESI1.
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Figure 2 
Assembly of the ESI source

Using this ESI-source, we have investigated the thermal dissociation of the trityl dimer on-line. The dimer dissociates to give two trityl radicals (scheme 1). With the use of dichloromethane/acetonitrile (50:50, v/v with addition of 1 mmol/l lithium trifluoromethanesulfonate) as the solvent it is possible to oxidize radicals to give cations1,  2.
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Scheme 1 Thermal dissociation of the trityl dimer

Spectra acquired under these conditions exhibit only one peak at m/z 243 which is contributed to the trityl cation, generated by electrolytic oxidation of the radical. The trityl dimer cannot be oxidized by this method. Spectra have been measured at various temperatures ranging from room temperature (24°C) to the boiling point of the solvent (approx. 59°C). 
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Figure 3 
Temperature dependence of the trityl radical signal at 
m/z 243 compared to the calculated trityl concentration in solution

Figure 3 shows the measured temperature dependence of the trityl signal at m/z 243. The signal intensity increases with increasing temperature. When comparing the measured intensities with trityl concentrations that have been calculated using reported HDiss and SDiss values3, a good agreement is found. However, for higher temperatures the error get higher.

The reported method to investigate thermally initiated reactions on-line by ESI-MS has been applied to various compound classes (e.g. azo compound, tetraarylhydrazines) and was found to have a general applicability for studying chemical kinetics of reaction mechanisms. 
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