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Using a Fourier-transform quadrupole ion frap operating with advanced ion Y

excitation methods for high performance mass analysis of organic Z - M S
hydrocarbons » X
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QlT i 1« Sample gas is pulsed into 100, | : tion: b 2.6 pob: toluene 52.2 pob xvlene: 45.5 bob - - - -
In modern mass spectrometry quadru- @" I L | the main chamber , (composition: benzene 62,6 ppb; toluene 52,2 ppb xylene; 45,5 ppb) lon trap In Fourier Transform mode is
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poles are commonly used as transfer > \ (mbar> | o 80 . S04 a) 0.2, ) demonstrated. Non-destructive ion
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stages and mass filters. RF amplifier ' -~ : lons are generated in-situ S . T o2 01l de’.cectl.og ba.sed ohn a sen5|’c|!¥e ultra IEI)cl)w
transient & t===-r ' o« Electron or multi-obhoton 5 o W W W noise Inauction charge amplitier enables
Operating the quadrupole in the instability RF | >< | onization P Enl £ 0 WMMMWWWM’WMWWWWWMMWWWWWMWWWWWW MWMWWWWMWWWW MWMWWMWMMW WWWWMWWW advanced mass analysis:
mode with a particle detector has some || 2mplitude o6 | | | ; 202 0.1 | |
constrains: recorder Sample | Y 20 e - S04 | | | | 0.2 | | | | \ * The system allows for i) long-term ion
oas i ol A : o0 fi?ne [?:,)S] ® oS00 tzi?ne [i?s] oS0 accumulation, ii) stable ion storage, and
* Limited mass resolution — i no need for a transfer stage 0 2 4 6 Sppblt?),uelﬁe 14 16 18 20 i 1, - iii) multiple ion excitation and
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* Low scan speed ‘Iml | X | - @e]ection g | 40 o) o 08 observation cycles
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Approach: /N /\/\/v > + 4—@ excitation | High pressure regime S, 38 T 5 06 106 * Signal-to-Noise ratios exceeding 60 dB
PP ' ~ / / : (main chamber) = 10/ 3 04 92 are readily achieved
A three-dimensional Paul trap is used as a s Filter Charge Stimulus | 2 o a - ° 0.2 ‘ i
compact Fourier Transform m:ss analyzer R e e : ' é :;8 J‘WM i . T oenstiiee I the oW PRO range
P vee 4 : 30, e 100 a0 1’2 g”\m %0 | %0 30 40 50 60 70 80 90 100 110 120 are established as shown here for
* Detection of induction charges of stored gas inlet .+ Efficient ionization mass [Dal | " mass [Da] toluene samples
. | _ :  Problem:
ions _ _ L4 | : . .
RE ngfield | LI | High ion signal/number * Sample chamber pressure 18.5 mbar . | | | * If the analyte is present in a complex gas
+ In-situ ion generation with pulsed gas trapping tie ' — Space charge effects ' * N, and O, ions fill the ion trap a), all other mixture then unwanted ion species may
et ejection [ | | _ o Short ion signal * Decreasing toluene concentration i components in lower concentrations are be ejected from the trap by selected
. Very compact setup ionization | _ | | i \ | ||+ RFvoltage ca. 700V, i suppressed destabilization of their oscillations
TR : g . . ' Solution: - - -
* lon oscillation frequencies are mass excitation | ! * Trapping field is deactivated temporarily, | — A high dynamic range exceeding 10°
dependent FFT window . trade-off between signal before ionization — no accumulation ofions | ° Increase BF ”a?p'”g ) EJECt. dominant ion s obtained
>t . amplitude and resolution . voltage, lighter ions >Peties * High resolution in  single-shot
. i i : ' | become unstable
Improved c?lyna.mlc range  using |<— typ. 2-5 sec. —)‘ : has to be found » SNR at 10 ppb still at 50 dB measurements
advanced  ejection and  excitation | dynamic range of 108 or more is achieved .
techniques —> At low pressures of about 10° mbar
epe. o o the measured ion oscillation times
Applications: sens“IV“y Resolution / S'I'Orqge reach several seconds, resolution
* High resolution/sensitivity MS . Veomp —> © | (Hp0)4H" | i . 107° exceeding 100000 is feasible
5 / Y Key component of Paul trap FTMS — charge amplifier P Icl _ [(H20)4H") : residual gas measurementat <5 - 1077 mbar
* |ndustrial environments (robust design) Q f z | 1 Future aspects:
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Methods * Conversion of induction charges into scaled W, r v.._. % s : g 08 frequency amplitude measurement
. voltages without adding significant noise v IO ' Cf o | | | | | | | 3 0.6 technique
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trap (QIT), image current * Distortion-free transfer of ejection & = =+ = = time [ms] : © References
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