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« A new Q-Cyclic IM-ToF research platform

A The desired characteristics of the ion optics between the IM and ToF

e A novel “offset W mode” ToF geometry e Vmode analysers is the ability to maintain the temporal fidelity of IM separated
oo1ds 0008 peaks during transfer through gas cell, activation and beam conditioning.

o ToF resolution ~120,000 (W) and ~65,000 (V) —W-mode Here, we assess the above by utilising custom programmable functions of
- 30 the electrode array (Figure 1h, Poster 37, and [1]) to eject ions into the ToF

o IM-ToF transfer optics capable of maintaining the temporal
fidelity of IM peaks with widths <200 ps

analyser. After 1 pass around the cyclic IM, a section of the arrival time
distribution (ATD) is ejected (Figure 3A-C, red traces).

For the shortest ejection time
setting (Figure 3A), the arriving
peaks can be approximated with
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o High resolution Q-IM-CID-ToF data show minimal IM peak
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wave IM device (i, 1.8 mBar Nitrogen, 1 m). The T-wave direction in the pine p :

array can be altered to either match those in the orthogonal IM device or

to inject/eject ions from it (see poster 37 for details). Post IM device, ions

are transported through a RF/DC ion guide (j, IM pressure), through a CID OF MOBILITY SEPARATED IONS

low pressure RF/DC guide (k, 5e-3 mBar) i.nto an ‘RF_ only’ segmepted Post IM activation can have a deleterious effect on the temporal fidelity of recorded ATDs and can introduce shifts in the recorded times. Here, we
quadrupole gas cell (I, Argon, 2e-2 mBar) with a superimposed DC field. investigate both effects using isobaric species (reverse peptides SDGRG, GRGDS, 1+) with very similar collision cross sections (205.3 A?and 208.5 A?).

The quadrupolar field reduces the initial 'phase space’ of the ion beam The most abundant fragments of earlier and later arriving isobaric precursor ions are observed at m/z 404 and m/z 289 respectively (Figure 5). We

while the DC field acts to maintain mobility separation. Both field  compare ATDs of those “diagnostic” fragment peaks to ATD of parent ions to assess the extent of possible broadening and time shift upon activation.
components help to improve the relationship between ToF resolution and

sensitivity. The orthogonal acceleration ToF (m-r) includes an extension 289 491
(s) to the standard oa-ToF of the Synapt instrument. The resulting offset
V/W geometry provides 40/120 cm longer flight path respectively. The

increased physical separation of the pusher optics (n) and detector (r) ; 8
effectively improves the stability of the high voltages simplifying the ¢ - 190
relationship between time of flight and m/z. Overall, the system enables  ° Bt
m/z measurements at resolutions greater than 100,000 FWHM (Figure T 12
2A) at better than 95% transmission through the transfer optics. When % ~150 F
combined with the extended flight times and the wide dynamic range 5 148
ADC acquisition electronics [2] the system can provide sub ppm accurate . ' r 146
m/z measurements for fast chromatographic separations as shown in 0 =0 0 :/j 0o 0 >0
figure 2B.
A Figure 5 (above). 2D IM-CID-ToF spectrum of peptide mixture (SDGRG, GRGDS, 1+).
——Parent (491 m/2) The m/z of interest is selected using the quadrupole mass filter, subject to IM
___ Fitted Parents ATDs separation (15 passes, ~300 (YAQ), activated with 18eV of post IMS collision energy
L pass _ parentasim/zactvates @A measured in ToF V mode, (R~60,000).
“““““ Fragment (404 m/z) Figure 6 (left) illustrates the magnitude of the ATD shift and width distortion due to post
""" Fragment (289 m/2) IMS activation for ions subject to 1 and 3 passes around cyclic IM. We note that FWHM
‘ ‘ it — ‘ ‘ measured for fragments appear marginally narrower compared to FWHM of parent ions.
198 203 208 213 218 223 228 233 238 The magnitude of the ATD shift is ~30 us for parent ions and ~50 s for fragments (for

other collision energies refer to Figure 7). We attribute that difference to the difference in
mobility (and m/z) of parents and fragments. Expectedly, the ATD shift is constant
across data acquired for different number of passes around the cyclic IMS. As a
consequence the % error in time measurement due to activation decrease with number
of passes (~0.2% for 1 pass, ~0.1% for 3 passes and ~0.03% for 15 passes).

CONCLUSION

» 5 w o 4‘2 « We present high resolution ToF data (V mode ~65,000, W mode ~120,000)

3 Passes

Time (ms) obtained for ions separated at high IM resolution (70-300 Q/AQ) with sub
Figure 6. ATDs peptide mixture (SDGRG, GRGDS 1+) subject to ppm m/z accuracy.

IM separation: (A) 1 pass, (B) 3 passes; and activated with 18eV . . . . .
of collision energy. e We discuss the instrument performance in terms of maintaining high
fidelity IM separations during transmission of packets from the IM into the

Transfer Collision Energy (eV) ToF analyser and IM-CID-ToF experiments.
oe T T

10 ! ° 10 15 % # * e« We focus on IM separations at low number of passes (narrow ATDs) in
20 L e paentafa0s ms order to exaggerate potential effects of ATD broadening/distortion. Already
30 - s 0 e : 3 : - 408m/z minor in the above data, both deleterious effects diminish further at high

o Parent of 289 m/z number of IM passes.
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