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I N T R O D U C T I O N

The MALDI technique is finding increased use in structural
determination by the use of post source decay (PSD)i. Ions that
are metastable tend to decay in the field free region between
the source and the entrance to the reflectron. The charged
fragments from the decay process are used to give post source
decay spectra. These fragments provide valuable structural
information. What is often overlooked is the equally useful
information that is available by a consideration of the neutral
spectrum, a component from the PSD process that is usually
ignored. 

E X P E R I M E N TA L

Experiments were performed on a Kratos Kompact MALDI 4.
This is a bench-top, combined linear and reflectron instrument
featuring pulsed extractionii for time-lag-focusing. All spectra
were acquired in positive ion and are typically the sum of 100
laser shots. The system has been described in more detail
elsewhereiii.

The instrument has several modes of operation. There is
normal linear mode of operation which is used for rapid mass
analysis. Alternatively,  the ions can be directed into the curved
field reflectron (CFR)iv which allows the acquisition of either
normal reflectron spectra or finally, by gating a single species
and inducing fragmentation, of producing seamless PSD
spectra. 

In addition, by switching the signal from the linear detector
through a separate transient recorder during reflectron
operation, it is possible to acquire a spectrum from the neutral
particles. This simultaneous acquisition of linear mode neutral
spectrum and reflectron/s-PSD mode ion spectra is a very
powerful tool for gaining additional information.

These four main modes of operation are summarised below-
(i) Linear Mode - ions (and neutrals) are

collected at the linear detector,
(ii) Reflectron mode - ions are collected at the

reflectron detector,
(iii) s-PSD mode - parent and all fragment

ions are collected at the reflectron detector in
a single acquisition,

(iv) Neutral mode - whilst ions are being
collected at the reflectron detector (i.e. in
modes (ii) or (iii)) the neutrals are collected at
the linear detector.

The samples used in this study were commercially available
polyethylene glycols (PEG1000 & PEG 1500) which were
analysed using 2,5-dihydroxybenzoic acid (DHB) as a matrix. 

Cationisation was accomplished using a range of alkali metal
salts (LiCl, NaCl, KCl, RbCl & CsCl). The solutions were mixed
together in a molar ratio of sample:matrix:salt = 1:100:10
and then air-dried on to a stainless steel sample slide.
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Figure 1: Schematic of modes of operation in the Kratos
Kompact MALDI 4 showing (top) linear mode and (bottom)
reflectron/neutral mode



R E S U LT S

MALDI spectra were acquired for PEG1500 both in linear
mode and reflectron mode with different alkali metal ions as
cationising agents. These are shown in figure 2. There is an
obvious difference in the relative yield of the polymer with the
different cationising species. In linear mode the larger cations
(Rb & Cs) give the most intense signals whereas in reflectron
mode it is the smaller cations (Li & Na) that give the best
response. The implication is that the polymers with the larger
cations are not being transmitted by the reflectron. This may be
because they are undergoing metastable decay before they
have time to enter the reflectron analyser. This can be
confirmed by an analysis of the neutral spectrum. 

Figure 3 shows three spectra of PEG1000 with both sodium
and potassium present as cations. The spectra were acquired
in different modes as follows-

Fig. 3a) Linear mode - ions and neutrals collected
Fig. 3b) Reflectron mode  - only stable ions collected
Fig. 3c) Neutrals mode - only neutrals collected

In both linear and reflectron mode the [M+Na]+ species
dominate over the [M+K]+ whereas in the neutral spectrum the
reverse is true with the [M+K]+ dominating. This implies that
the [M+K]+ is much less stable than the [M+Na]+ and is much
more likely to undergo post source decay.

Neutral spectra were then acquired for the PEG1500 samples
with the five different cationising species. The results (figure 4)
show the expected trends, with there being very little
fragmentation of the [M+Li]+, slightly more for the [M+Na]+,
rising again for the [M+K]+ and then increasing dramatically
for the [M+Rb]+ and [M+Cs]+.

An explanation of this can be surmised from a consideration of
the relative ionic radii of the cations involved. 

Ion Li Na K Rb Cs

Radius/Å 0.90 1.16 1.52 1.66 1.81

It is known the PEG oligomers
tend to form helices of
comparable dimensions to these
ion sizes. It is likely that the
smaller cations will be able to
enter the helix to form a stable
oligomer/cation complex. In the
larger cations this will not be
possible and the cation will be
forced to remain outside of the
helix where the resulting
complex will be much less
stable. This is shown
schematically in figure 5.

Figure 2: MALDI spectra of PEG1500 acquired in linear and
reflectron modes with differing cations

Figure 3: MALDI spectrum of PEG1500 acquired in a) linear,  b)
reflectron and c) neutral modes

Figure 4: MALDI spectra of PEG1500 acquired in linear,
reflectron and neutral modes with differing cations

Figure 5: Schematic of
helical PEG oligomers with
cations of differing sizes
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b)
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C O N C L U S I O N S

The Kompact MALDI 4 provides a wealth of different types of
information by the full use of all the modes available -
(i) Linear Mode - molecular weight
(ii) Reflectron mode- more precise molecular weight
(iii) s-PSD mode - structural information
(iv) Neutral mode - ion stability information

The results show clear differences between neutral and ion
spectra that can be explained in terms of relative molecular
stabilities. Structural explanations can be suggested for
different species that are consistent with the results seen.
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