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Chemical ionisation is well known as a way to achieve 'soft ionisation' of organic molecules and thus reduce fragmentation and complexity in the resulting mass spectrum. 

We have designed and built a new chemical ionisation mass spectrometer based on a proton transfer reactor (PTR) and a time-of-flight mass spectrometer (TOF-MS). The resulting instrument, the PTR-TOF-MS, has some analytical features that make it very suitable to analytical applications where real time analysis of complex mixtures is required. Furthermore, the instrument has been designed to allow the PTR section to be removed, and an atmospheric pressure chemical ionisation (APCI) source to be fitted, to permit comparison across the two techniques.

In air-based mixtures, chemical ionisation by proton transfer is most usefully achieved in positive ion mode using a primary ion beam of H3O+. This is because the major components in air (O2, N2, CO2 etc) have a lower proton affinity than H3O+ (691 kJ/mol) and are not ionised, whereas the proton affinities of most organic molecules are greater than 691 kJ/mol, and charge transfer can occur. The ionisation cross-section for these charge transfer reactions is similar to the collision cross-sections, and thus sufficient collisions must take place in the PTR reactor to ensure that an analyte molecule undergoes a collision with an H3O+ ion. To that end the pressure in the reactor is approximately 1 mbar, and the mean free path is ~10-2cm. Over a 10cm reactor length therefore, each molecule should undergo approximately 2000 collisions.

A hollow cathode glow discharge ion source fed with water vapour creates the H3O+ beam, and the H3O+ ions are then passed through a short 'source drift' section before entering the PTR section. Once an analyte ion is created in the PTR section, further collisions with either H3O+ or air molecules will have no effect on its charge state, and, owing to the dilute nature of the analyte(s), it is also unlikely to meet other analyte molecules. At the exit of the PTR is a set of conventional ion transfer optics at ~10-4mbar, whose function is to focus the ion stream into the TOF source, where a pulsed beam is created.

The TOF analyser routinely samples at ~30kHz, and, unlike in a quadrupole mass spectrometer, there is no need to 'specify' a mass to analyse; all ions launched into the analyser are detected by simply waiting for the ions to arrive at the detector during each TOF cycle. In this current design, the contents of the PTR reactor can be physically exchanged every ~100ms, and in this period ~3000 TOF cycles representing data to several hundred m/z can be accumulated. Furthermore, the data from an experiment can be simply 'streamed to disk', permitting retrospective reconstruction of single ion chromatograms, or mass spectra from user-selectable 'time slices'.

We will present two examples of the kind of application in which the TOF analyser adds unique analytical power because of its high speed, parallel ion detection and flexible data set. The first is 'breath-by-breath' analysis following consumption of chewing gum. Data was acquired in the 'stream all ions to disk' mode, and the ion chromatograms of molecule such as ethyl butyrate reconstructed at different time resolutions. Too fine a time-slicing and the data is diluted across too many time channels with no increase in information; too coarse a time-slicing and useful information about concentration variations within each breath are lost. The retrospective analysis allows the user to select the way in which the data is displayed for optimum information. In the second type of analysis, the headspace from freshly macerated tomatoes was analysed. Extensive studies at Nottingham using APCI methods have previously noted the numerous organic compounds released, and we have used this sample to see how many of the volatile organic compounds known to be present can be detected in a single PTR-TOF mass spectrum.

