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INSTRUMENTATION Compact FTICR mass spectrometer instruments

Our group has been developing and using permanent magnets based FTICR-MS for several years. This is the third instrument using that technology [START_REF] Mauclaire | A compact permanent magnet Fourier Transform Ion Cyclotron Resonance mass spectrometer[END_REF]. The use of a permanent magnet assembly to generate a constant magnetic field in an FTICR mass spectrometer has many advantages :  light weight, transportable, small footprint  no power supply required  no expensive cooling fluids, maintenance free and good performance:  nominal magnetic field higher than 1 Tesla  magnetic field homogeneity in the ICR cell volume of 10 -3 designs and manufactures compact permanent magnet based FT-ICR mass spectrometers.

Coupling with an external ion source

The combination of the axial field and the open cell enables the coupling of our compact FTICR to an ion source placed outside the magnet. A high pressure ion source increases the sensitivity of the instrument and enables the detection of traces in ppb amount. A PTR ion source, manufactured by Kore Technology will soon be coupled to our instrument.
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Guiding the ions to the cell

The transfer of the ions from the source to the ICR cell is performed through octopole ion guides. The octopoles were designed and built in-house. Ion trajectories through the magnetic field and into the cell were simulated using the Simion software. The transmission efficiency was estimated for various mass/energy combinations.

The stray field's influence on the ion 's trajectories was quantified. The working parameters of the radio frequency guides were also validated using this software.

Axial field magnet

The field direction has to be parallel to the ion's guided path. An innovative permanent magnet assembly was especially designed for that matter:

 The cylindrical magnet is made of several grades of rare earth NdFeB. This magnet material provides the required coercivity and remanence for this type of assembly. It can withstand demagnetizing fields and still generate a strong field.

INTRODUCTION

Trace detection in FTICR MS using non selective ionisation methods is limited by the detection dynamic of the trap.

The smallest measurable peak corresponds to about one hundred ions present in the cell. And the total number of ions in the cell has to be kept smaller than a few hundred thousands to avoid distortions due to space charge effects resulting in a detection dynamic of ~10 4 for a spectra accumulated 10 times.

A way to detect gases present in very small concentrations is to apply selective ionisation methods in order to ionize the trace gases and not the main constituents of the mixture. For instance proton transfer from H 3 O + can be used to ionize volatile organic compounds (VOC) in air.

H 2 O + + H 2 O residual H 3 O + + OH M + H 3 O + k MH + + H 2 O
This can be done directly within the ICR cell [START_REF] Lemaire | A mobile FTICR for real time gas analysis[END_REF]. In that case, the sensitivity for trace detection is within the ppm range, as confirmed by our first results using our most compact instrument « BTrap » pictured below. This limitation is due to the maximum pressure of 10 -4 Torr allowed in the ICR cell. A 3 order of magnitude improvement in trace sensitivity can be obtained by doing the proton transfer reaction in an external reactor where H 3 O + ions will react with air at pressures in the mbar range.

The new instrument described here, where VOC will be selectively ionised in an external proton transfer reaction source and then guided to the ICR cell for detection, should reach a sensitivity of ppb and therefor provide a really efficient instrument for trace gases.

Differential pumping

Four stages of differential pumping are required in order to get from the high pressure source (~1mBar), to the high vacuum of the ICR cell. Up to 3 turbo pumps are required. Each conductance limit was calculated in order to get the desired pressure gradient.

Open cylindrical cell

The ICR cell is cylindrical, open ended with a 20mm inner diameter. Its geometry is well suited for this type of cylindrical magnet design. Capacitive coupling of the trapping electrodes can be used in order to increase the global performances of the cell. Preliminary results showed a ~15% increase of the signal strength.

Conclusion

* A new permanent magnet based high sensitivity FT-ICR mass spectrometer is being built in order to detect trace gas . 

Mass resolving power

The following spectrum were obtained using in-cell electron impact during preliminary testing. The gas was pulsed inside the vacuum chamber through a 3 way pulse-valve, in combination with a leak valve. This set-up allows for constant flow and repeatable pulses. Masses from 2 to 500 Da were measured. Mass resolving power of 380,000 (at mass 84 Da) were obtained. At the highest mass (500 Da), the resolving power Δm/m 50% was still 80,000.

A custom-built detection unit based on a standard PC fitted with commercial PCI cards was used for excitation/detection of the ions. The ions were excited with a large band signal. The detection sampling rate ranged from 500 kHz to 20 MHz. Transient signals lasted up to 4 seconds. The signal was apodised with a Hanning window and zero filled up to 4 times prior to Fourier transformation.

*

  A 1Tesla axial field magnet and an open ended cylindrical cell were specifically designed and built.* The instrument was first tested using electron impact ionization. The resolving power obtained for volatile compounds is very satisfactory. The combination axial field magnet +cylindrical cell was validated. * The differential pumping required was implemented in the design to allow for the PTR source to be mounted on * Octopole ion guides were designed and manufactured to guide the ions from the source to the cell BTRAP

 The magnetization of each section is optimized in order to generate a resulting field that is homogeneous[START_REF] Halbach | Design of permanent multipole magnets with oriented rare earth cobalt material[END_REF]. The theoretical field profiles show a perfect cylindrical symmetry, so that each diameter corresponds to a constant field value. The field direction produced is parallel to the cylinder axis. The field strength at the cell is 1 Tesla and the field homogeneity better than 0.2% over the ICR cell volume (dia. 25x20mm). The weight is < 80kg.