Monitoring of Thermally Initiated Reactions On-line by Electrospray Ionization Mass Spectrometry
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Introduction
The determination of reaction mechanisms and kinetics is an important task in organic chemistry. However, the methods to determine especially transient intermediates in reaction solutions are limited. In order to develop a new method to detect reactive intermediates in solution, we have designed a new type of ESI source to investigate thermally initiated reactions on-line. Our source design allows to heat the spray capillary directly, thus enabling us to acquire mass spectra of heated reaction solutions.

Methods
The basic design of our ESI source is shown in figure 1. The source consists of a fused silica spray capillary  in which a platinum wire  is inserted. This assembly is surrounded by standard s.s. HPLC tubing, covered by heating tape. The heating assembly is attached to the sample inlet, sheath gas inlet and ESI voltage by the use of standard HPLC consumable, such as PEEK tees, crosses, fittings and sleeves. Figure 2 shows the complete apparatus. Solutions flowing through the ESI capillary can be heated by applying a voltage to the heating tape. The resulting temperatures are measured using the incorporated thermocouple. 
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Figure 1 Detail drawing of the ESI source with 

Figure 2 Assembly of the ESI source

heatable spray capillary

Results
Using this ESI-source, we have investigated the thermal dissociation of several compounds. Two examples are given here. The thermal decomposition of 2,2'-Azobis-(2-(2-imidazolinyl)propane (1), giving two 2-(2-imidazolinyl)propyl radicals (2) and nitrogen (scheme 1) has been investigated. Radical  2  can react in different ways, i.e. radical combination, disproportionation or addition to other compounds (e.g. oxygen). Using MS/MS experiments we were able to measure the temperature dependence of the radical concentration (figure 3). The measurements are in good agreement with the calculated radical concentration. 

Furthermore we have investigated the trityl dimer. It dissociates thermally to give two trityl radicals (scheme 2). 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. 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. Figure 4 shows the measured temperature dependence correlated to the calculated trityl concentration in solution.
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Scheme 1 Thermal dissociation of azo compound 1
Figure 3 Temperature dependence of the signal of radical 2 (observed by the transition m/z 112 -> m/z 97 after CID) (solvent: water, initial concentration of 1 1(10-4 mol(l-1)
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Scheme 2 Thermal dissociation of the trityl dimer
Figure 4 Temperature dependence of the 

trityl radical signal at m/z 243 compared to the calculated trityl concentration in solution (solvent: dichloromethane/acetonitrile 50:50 with addition of 1mmol/l lithium trifluoromethanesulfonate, initial concentration of trityl dimer 5(10-3 mol(l-1)

Conclusions

· A new type of electrospray ionization source for the investigation of thermally initiated reactions by mass spectrometry has been developed.

· Its usefulness has been demonstrated showing two examples. Results are in agreements with calculated reaction kinetics.

· The advantages of this method compared to others are the high sensitivity, specificity  and its speed. Within a few seconds, the user get information about educts, products as well as of reaction intermediates.

· This method is generally applicable to organic reaction in solution phase.
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