
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Laser desorption analyses in trapped ion mass spectrometry systems

van Rooij, G.J.

Publication date
1999

Link to publication

Citation for published version (APA):
van Rooij, G. J. (1999). Laser desorption analyses in trapped ion mass spectrometry systems.
[, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:23 May 2023

https://dare.uva.nl/personal/pure/en/publications/laser-desorption-analyses-in-trapped-ion-mass-spectrometry-systems(050531b6-5e74-40a6-bb93-7e3d50d99b72).html


Summary

The formation of intact gas phase ions from compounds in the condensed phase is a ma-
jor challenge in mass spectrometry. In recent years, laser desorption techniques have
proven to be powerful tools to achieve this conversion. These techniques have allowed
organic chemical studies with mass spectrometry on a wide range of polar, nonvolatile,
high molecular weight, and thermally labile compounds in complex samples. An addi-
tional advantage of laser desorption is the possibility to focus laser beams to very small
spot sizes, which allows spatially resolved surface analyses at the micrometer level.

This thesis deals with the coupling of laser desorption techniques to the two types
of trapped ion mass analyzers: the Fourier Transform Ion Cyclotron Resonance Mass
Spectrometer (FTICR-MS) and the quadrupole Ion Trap Mass Spectrometer (ITMS). An
introduction on the theoretical concepts and the operating principles of these mass spec-
trometers is given in Chapter 2. Although the application of laser desorption in trapped
ion mass spectrometers is very attractive (Chapter 1), it is certainly not a trivial task. Prob-
lems and pitfalls associated with the implementation of laser desorption initiated most of
the experiments and instrumental developments described in this thesis.

Chapter 3 describes the implementation of a newly constructed external ion source
for Matrix Assisted Laser Desorption and Ionization (MALDI) in the FTICR-MS instru-
ment. Experiments on low molecular weight polymers are carried out to investigate two
key issues in the performance of this configuration: the accuracy of the mass determina-
tions and mass discrimination effects that distort the measured spectra. On basis of the
experimental data, new methods for processing the mass spectra are developed. These
are successfully applied to determine polymer end group mass with an accuracy within
0.003 u for the molecular weight range fromm=z 500 to 1400 and within 0.02 u form=z
3400 to 5000, which demonstrates the superior resolution of the new configuration. Mea-
sured molecular weight distributions however exhibit flight-time induced distortions that
are inherent to the requirement to analyze discrete ion bunches in external ion source
FTICR-MS. It is shown that superimposition of several mass spectra, which are acquired
at different trapping times, compensates for these distortions.

The MALDI-FTICR-MS technique along with the methodologies developed in Chap-
ter 3 are applied to triblock polymers of poly(oxypropylene) and poly(oxyethylene) in
Chapter 4. The copolymer results show that apart from flight-time induced mass discrim-
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ination also the variation in isotopic patterns over the measured mass range and overlap
of peaks in the spectrum must be considered before accurate information on block length
distributions can be deduced. An analytical treatment of the spectral data is presented
to correct the measured molecular weight distributions, which made it possible to obtain
for the first time detailed and accurate molecular weight data on such a complex sam-
ple. The experimentally verified random coupling hypothesis supports the validity of the
methodologies proposed to process the spectral data.

It became evident in the course of the MALDI experiments on polymers that the ver-
satility of the FTICR-MS instrument is immensely broadened if ions can be manipulated
in a mass selective way. Chapter 5 describes the design and performance of a novel arbi-
trary waveform generator, which has been constructed to address this need. Its ultra-high
mass selectivity is demonstrated with the isotopic depletion of a complex polyoxyalke-
neamine distribution (produced by matrix assisted laser desorption/ionization) and the
isolation of a single isotope from the charge-state distribution of cytochrome c (produced
by electrospray ionization) in FTICR-MS measurements.

The arbitrary waveform generator is utilized in Chapter 6 to investigate isotope beat-
ing as a source of error in the determination of polymer molecular weight distributions.
Isotope beating is a beat pattern in the measured time-domain FTICR-MS signal that is
caused by periodical destructive interference of the orbital motion of isotopes. Exper-
imental results show that significant errors in the measured relative abundances appear
if transients are sampled for less than two beat periods. Computer simulations show a
similar behavior and indicate that the distortions are induced by isotope beating. With
the help of the newly constructed AWG system, it was possible to obtain experimental
data on an isotopically depleted polymer distribution similar to the one studied in the
computer simulations. Distortions that depend on the transient length are not observed in
these spectra. This proves that isotope beating is responsible for distortions in measured
molecular weight distributions if transients are acquired for too short durations.

Chapter 7 describes a newly configured external ion source MALDI-ITMS instru-
ment. Again, synthetic polymer samples are used to characterize its performance. Mass
discrimination effects are probed by comparison of measurements of polymer standards
in the mass rangem=z 400 to 3400 with MALDI-TOF-MS measurements of the same
samples. The results indicate that it is possible to determine ideal experimental condi-
tions for analyzing mass ranges smaller than 1000 u with negligible mass discrimination.
This is proved with measurements of poly(ethylene oxide) poly(propylene oxide) copoly-
mers. Evaluation of experimentally obtained mass accuracies shows that these are highly
influenced by the magnitude of the trapped ion population. Consequently, reproducible
results can only be obtained by controlling the total space charge in the trap. In MALDI
experiments, this can be achieved if the laser power is tuned just above threshold. In this
way, the mass of three different end groups in a complex polymer sample is successfully
determined with an accuracy of better than 0.1 u.

Finally, the experience obtained with respect to laser desorption as well as trapped ion
mass spectrometry is exploited in Chapter 8 to design and construct a novel ion source for
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spatially resolved analyses with a spatial resolution of 10�m. This laser microprobe ion
source is successfully coupled to the ITMS instrument. Analytical data on preliminary
measurements of the pigments in a paint cross section are presented. These demonstrate a
spatial resolution of approximately 25�m and the possibility to perform spatially resolved
structural studies by utilization of MSn experiments.




