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Introduction

Recently, we have developed first permanent magnet FTICR mass spectrometer with
atmospheric pressure ionization sources including electrospray (ESI) and AP-MALDI. While
this spectrometer has demonstrated rather high characteristics such as mass resolving power
of 30,000 and mass measurement accuracy of 1 to 10 ppm for peptide ions in a mass range
of m/z 200 to 1200 its performance is limited by the low magnetic field and relatively small size
of an ICR cell utilized. To overcome these limitations, we modified detection scheme for this
spectrometer making possible detection of ICR signals at the frequencies multiple to the
cyclotron frequency of ion motion.

Methods

1 Tesla permanent magnet FTICR mass spectrometer with electrospray ionization source was
used. The spectrometer has a hybrid design and includes radiofrequency linear ion trap (LIT)
operated at the pressure of 10+ Torr, five stage differential pumping vacuum system allowing
to obtain ultra-high vacuum of 10 Torr in analyzer region, and 1-inch cylindrical FTICR cell. A
compact permanent magnet assembly based on reversible magnetic field (RMF) approach
generates homogeneous field of 0.97 Tesla in the central region and has a bore of 42 mm.
Detection of FTICR signal was performed using data station that is based on the acquisition
boards from National Instruments, Inc. (USA).

Experimental setup
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Results and Discussion

Bradykinin, 2+

(a) Detection at the reduced cyclotron frequency

(b) Detection at double of reduced cyclotron frequency
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Space charge effect in magnetron frequency deviation from the theoretical value
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N , estimated number of Bradykinin 2+ ions in FTICR cell

m — (@n)o 3 .10%
q 4”80Rm ~10 (FTICR spectrum is shown in Figure 2(a)), R, ~ 2 mm

m - m
e ——=13,000
am 300 Am
1
Figure 2.
m_ A _E Calibration equation (for coalesced peaks the instrument
z F F? was calibrated using average mass values)
Calibration
Single frequency Double frequency
y = -0808848552.82x + 14843540.48 292006407 y =-39230918435.70x + 29684085.34
Las00es07- R?=0.99981 . 29000E07
E swoncar | -
¥ usoear L 28000807
8 m g
g — = £ posomer m
i (D) F = U
g theor 2 2sa0007 Z Jipeor
20200807
’ )J/Frequency ' ) J/Fvsql.;ency ) )
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Peptide | (M/2)yeor | Feaswes HZ | €xperimental | A(m/z), Da Peptide |  (M/2)00, Freasures HZ | €xperimental | A(m/z), Da
Brad+ | 1061.23 | 13291.83 1061.22 -0.02 Brad+ | 1061.24 | 26583.37 1061.13 -0.11
(Ang Iy | 433.17 | 33396.03 | 433.11 -0.07 (Angh>| 433.18 | 66706.00 | 43291 -0.27
SubPz+ | 674.83 | 21318.95 674.67 -0.16 SubPz+ | 674.84 42626.79 674.69 -0.15
brad?+ | 531.12 | 27286.00 530.82 -0.30 brad?* 531.12 54558.89 530.80 -0.33

Conclusions

« Detection of the FTICR signals at multiple of reduced cyclotron frequency using multi-
electrode detection is equivalent to the corresponding increase in effective magnetic field and
results in the increase in FTICR instrument’s resolving power [4,5]

« Due to the space charge effects and the corresponding increase in the contribution of
inhomogeneous factors into the line broadening (mainly, frequency drift during detection) for
the signals at multiple frequency, the mass measurement accuracy may respectively
deteriorate.

« Multiple-frequency detection technique may be useful in high-throughput applications of
FTICR mass spectrometry, including high magnetic field instruments because it allows
corresponding reduction in time-domain acquisition period without a loss of resolving power.

Summary of results on mass measurement accuracy and resolving power
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