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Introduction

Structural information in mass spectrometry of
a complex mixture:

 MS all the compounds, parallel acquisition

e MS/MS: 1 compound at a time, serial
acquisition

¢ LC-MS/MS: a few chosen compounds
 FT-ICR/MS In 2 dimensions: all compounds




From 1D to 2D Experiments
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Original De-excitation Experiment
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A.G. Marshall, T.C. Lin Wang, T. Lebatuan Ricca, Chem. Phys. Letts. 105 (1984) 233-236.



Principle of Excitation Pulses

Excitation pulses in FT-ICR/MS: range of ICR
frequencies from low m/z ratio to high m/z ratio in
spectrum at equal amplitude.
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All ions are excited to the same radius!.

No effect from non-resonant frequencies.

1 E.N. Nikolaev, M.V. Gorshkov, Int. J. Mass. Spectrom. lon Process. 64 (1985) 115-125.



Principle of 2D-FT-ICR/MS

rf amplitude t,
Pulse — delay — pulse: T Py P
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* P,: ions selectively de-excited
according to their cyclotron
frequency:
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P. Pfandler, G. Bodenhausen, J. Rapin, M.-E. Walser, T. Gaumann, J. Am. Chem. Soc. 110 (1988) 5625-5628.



Principle of 2D-FT-ICR/MS
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lons are excited to a higher radius

= (2k+1)m, k €N
lons are de-excited to the center of the ICR cell
Selective fragmentation according to the ion radius

Excitation-detection in order to measure the mass spectrum

P. Pfandler, G. Bodenhausen, J. Rapin, M.-E. Walser, T. Gaumann, J. Am. Chem. Soc. 110 (1988) 5625-5628.



Principle of 2D-FT-ICR/MS
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Signal amplitude modulated for each ion species:
e Parent ion: modulation according to its own cyclotron frequency

e Daughter ion: modulation according to the cyclotron frequency of

the parent ion.
P. Pfandler, G. Bodenhausen, J. Rapin, M.-E. Walser, T. Gaumann, J. Am. Chem. Soc. 110 (1988) 5625-5628.



Principle of 2D-FT-ICR/MS

2D-FT-ICR/MS spectrum of CH,:
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P. Pfandler, G. Bodenhausen, J. Rapin, M.-E. Walser, T. Gaumann, J. Am. Chem. Soc. 110 (1988) 5625-5628.



Experimental Conditions

*Mass spectrometer: 9.4 T Briker nanoESI-FT-ICR/MS with
modified experiment script.

e Digital electronics: pulse excitation phase fixed by circuit
clock.

» Spectra measured with Apex Control in LC mode.
 Fourier Transform in 2D by NPK (NMR Processing Kernel)
adapted to FT-ICR/MS: no phase correction, result in modulus

mode.

e Visualisation of spectra with NMRNotebook 2.50.

D. Tramesel, V. Catherinot, M.-A. Delsuc, J. Magn. Res. 188 (2007) 56-67.
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lon current for 2D spectrum measurement
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lon current for 2D spectrum measurement
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Self-correlation spectrum of bromopride
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Self-correlation spectrum of bromopride
Zoom for m/z 344-347.
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Isotopes are well
differentiated on
the self-
correlation line,
and so are the
13C isotopes.



Self-correlation spectrum of bromopride
Horizontal cut for m/z 344
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Self-correlation spectrum of bromopride
Vertical cut for m/z 344

Self-correlation peak Folded spectrum

0

I

High N
mass limit =-

. |
T I L L



Self-correlation spectrum of bromopride
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Spectrum of bromopride with no delay increment:
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Vertical Vertical Vertical spectrum

spectrum of spectrum of m/z without 1ons
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* higher than for ions of lower intensity




Study of noise

Causes:
* Frequencies caused by ESI fluctuations: low frequencies.

 Vertical S/N for ion signals increases with signal intensity.

* S/N seems caused by space charge effect in the center of the
ICR cell (loss of coherence at the center of the ICR cell) or loss
of accuracy of mass measurement for ions of high abundance.

Solutions:

 Application of Maximum Entropy Methods as used in NMR*
(programmed in NPK?).

1 S. Sibisi, Nature 301 (1983) 134-136.
2 M.-A. Delsuc, D. Tramesel, C.R. Chimie 9 (2006) 364-373.



Comparison between LC-MS/MS and
2D-FT-ICR/MS

2D-FT-ICR/MS LC-MS/MS

Measurement time, sample quantity, file size

MS/MS on the entire mass MS/MS on a few chosen

range compounds

Maximum ionization Little ionization competition
competition

S/N of more than 100 S/N over 1 scan/spectrum
scans/spectrum

No coupling problem with LC resolution limited by the

the FT-ICR/MS duty cycle duty cycle of the FT-ICR/MS



Conclusion

» Successful digital implementation of
Gaumann-like 2D-FT-ICR/MS on a commercial
iInstrument in broadband mode (full spectrum)

» Application possible to all fragmentation
methods in the ICR cell

*Application to complex samples (peptide and
protein mixtures, environmental, food or
petroleum samples...)
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