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This thesis contains a study on the applicability of surface-induced dissociation
(SID) for mass spectrometric (MS) analysis. In the past decade, several research groups
have made significant progress in the use of SID in mass spectrometry. The application of
SID is especially promising for MS/MS of large molecules. It is assumed that internal
energy is distributed statistically over the degrees of freedom of a molecule or rather, its
ion. The larger an ion, the more degrees of freedom it has, and the more energy is
required to make it dissociate in the limited time available in the mass spectrometer.
Especially for ions of large molecules, kinetic energy is more efficiently converted to
internal energy by the collision of an ion with a solid surface, compared to a collision with a
gas phase compound.

In Chapter 2 of this thesis the implementation of SID in a tandem linear time-of-flight
(TOF) instrument is described. We have chosen this instrument since TOF has an in
principle unlimited mass range. However, for this initial study a relatively small ion, the
radical cation of benzene, is used. The intention of this study is to elucidate the properties
of a tandem TOF-SID mass analyzer with respect to ion yield and resolution, rather than to
obtain high mass limits for SID. The fragmentation of the benzene radical cation by SID
has been well characterized by others. To obtain a high fragment ion yield from the
collision surface we have used a perfluorinated polyether liquid surface. This surface
causes less neutralization of ions than a metal surface, while at the same time charging of
the collision surface does not occur. We have determined the conversion efficiency of
kinetic to internal energy by deconvolution of the SID fragment spectra as 30±7%. This is
comparable to the efficiency determined by others for a similar surface. To optimize both
resolution in parent ion selection and fragment ion resolution we have implemented a
pulsed voltage on the collision surface, so that ions with a mass-to-charge smaller than the
parent ion are removed from the spectrum. With the time-focus at the collision surface we
could optimize both the resolution for parent ion selection and the starting conditions for
optimal resolution of the fragment ion spectrum. In spite of this, the SID spectrum in
Chapter 2 demonstrates that the resolution in our tandem linear TOF set-up remains
limited. In Chapter 2 we give an inventory of factors which are known to limit resolution.
We have convoluted these factors to calculate their cumulative effect. It appears that the
recoil kinetic energy distribution of fragments from the collision surface can not completely
account for the low resolution, but that there must also be effects due to misalignment of
the ion optics.

In Chapter 3 a comparative study between the tandem TOF SID set-up and a
tandem quadrupole SID set-up is described. We have used the diphenyl ether radical
cation as a model compound because it is somewhat larger than benzene but also volatile
and can be photo ionized. We have applied a similar deconvolution as for benzene in
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Chapter 2, to the SID fragment spectra of diphenyl ether. We have found that fundamental
aspects such as internal energy deposition efficiency are, within the uncertainty of the
experiments, independent of the configuration of the mass spectrometers when similar
collision surfaces are used. In addition, we demonstrated that for the tandem TOF set-up
an optimized fragment ion yield leads to limitations in observation of rearrangement
fragmentation channels, because of competitive shift. Namely, in the TOF set-up sufficient
fragment ion yields are obtained only with high acceleration fields after the collision
surface. This reduces the time available for fragmentation to less than a microsecond and
gives a different ratio of rearrangement fragments to direct cleavage fragments, compared
to the tandem quadrupole instrument where the time available for fragmentation is
approximately 5 microseconds. With perdeuterated diphenyl ether, ion/surface reaction
products are observed. In addition, we investigated the ion/surface reactions upon collision
of the rearrangement fragments of diphenyl ether.

In Chapter 4, we have applied SID as a tool to study the fragmentation behavior of
various sizes and charge states of a new class of synthetic polymers: dendrimers. This
study has been carried out with ESI/tandem quadrupole SID set-up of Wysocki and
coworkers. The fragmentation efficiency of the protonated polypropylenamine (POPAM)
dendrimers appeared to be independent of the charge state for the charge states studied.
This indicates that destabilization by Coulomb repulsion is not important for the
fragmentation of these dendrimer ions. The dendrimer result is in contrast with results
obtained with peptides, for which dissociation is generally facilitated with higher charge
state. In Chapter 4 we explain this contrast based on the absence of the need to ‘mobilize’
the charges to positions where they can initiate the low-energy charge-directed
fragmentation reactions. In the POPAM dendrimers, the protons are already on positions
where they can initiate fragmentation, because these positions have the lowest effective
gas-phase basicity. For peptides the positions with the lowest gas-phase basicity are
different from the positions where protons need to be to initiate low-energy fragmentations.

In the last chapter of this thesis, Chapter 5, we have determined the lowest-energy
fragmentation channel of DAB(PA)8H

+ by collision-induced dissociation (CID) in an ion trap
mass spectrometer (ITMS). In addition, we have used ITMS3 experiments to demonstrate
that sequential fragmentation can occur. Energy-resolved CID fragment spectra of the
POPAM dendrimer ions are measured in a Fourier transform ion cyclotron resonance
mass spectrometer (FTMS). By comparing the SID experimental results with RRKM
calculated dissociation rates, critical energies of 1.4-1.6 eV are estimated for the
fragmentation of the POPAM dendrimers. Since the time available for dissociation in the
CID experiments is much longer than the time available in the SID experiments (seconds
compared to microseconds), the internal energy needed for fragmentation of the
dendrimers with FTMS CID is lower than with quadrupole SID. From the RRKM calculated
dissociation rates the FTMS energy-resolved CID diagrams were reconstructed. We have
reasoned that, because the energy conversion occurs at a finite rate, and the ions are
subject to collisional and radiative cooling processes, the internal energy of the
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DAB(PA)8H
+ ions varies during the experiment. We have estimated a time-dependent

internal energy profile of DAB(PA)8H
+ ions during the FTMS experiments and based on

this we have calculated relative fragment ion abundances for a range of kinetic energies.
Since the time during which the ion has a high level of internal energy is shorter than the
duration of the FTMS experiment, more energy is needed to obtain fragmentation
compared to when the internal energy of the ions would be constant.

In all chapters, the fragment spectra have been recorded over a range of collision
energies. Energy-resolved fragment spectra of compounds of known activation energies
have been used for the characterization of the energy deposition during SID in Chapters 2
and 3. In Chapter 4 and 5 energy-resolved fragmentation has been applied for the
clarification of fragmentation behavior of the dendrimer quasi-molecular ion.




