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PDMS and MALD spectra of oligosaccharides obtained by the same time-of-flight spectrometer from samples, which were 
prepared by using a technique suitable for both methods, have been measured and compared. By comparing the spectra, the effects 
of different matrices assisting the production of polyatomic ions have been tested. Matrices enhancing the quasimolecular ion 
intensity in PDMS, i.e. heteroaromatic amines and phthaleins, turned out to be also suitable MALD matrices if they absorb at the 
wavelength of the irradiating laser beam. 

1. Introduction 

Production of polyatomic ions, especially of pep- 
tides and proteins, is a routine matter in Z2Cf-plasma 
desorption mass spectrometry (PDMS) [l] and in ma- 
trix-assisted laser desorption mass spectrometry 
(MALD-MS) [2]. Energy deposition in a solid via elec- 
tronic excitation and transition of surface material into 
the gas phase followed possibly by fast chemical reac- 
tions are fundamental steps in both processes of ion 
production. The area of desorption is much smaller in 
heavy ion induced desorption (about 50 nm in diame- 
ter) if compared to that of laser induced desorption 
(about 50 Frn in diameter). The average number of 
secondary ions per incident fission fragment is low 
(about five) compared to the number of ions per laser 
pulse (up to a few thousand). In PDMS as well as in 
MALD-MS, an efficient isolation of the analytes in the 
sample is required to produce larger ions. For exam- 
ple, adsorption to nitrocellulose has been proven to be 
very effective for analyzing peptides and proteins by 
PDMS [3]. But also small volatile molecules like 9-an- 
throic acid or anthrarobin were successfully used as 
PDMS adsorption matrices [4]. In MALD, aromatic 
acids such as 2,5-dihydroxybenzoic acid were com- 
monly used as matrices assisting efficiently the desorp- 
tion and ionisation of biomolecules [5,6]. The mass 
range accessible for proteins has been expanded by 
MALD-MS up to a few 100000 Da. 

PDMS and MALD are also of considerable utility 
for the analysis of carbohydrates. Recently, underiva- 
tized and peracetylated malto-oligosaccharides, rang- 
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ing in length from four to seven glucose units, have 
been investigated by PDMS [7]. The results obtained 
show clearly that underivatized maltooligosaccharides 
deposited on nitrocellulose yields mass spectra showing 
only very weak [M + Na]+-ion peaks and indicating 
poor adsorption to nitrocellulose. But deposition on 
metallized Mylar foil by electrospray produces mass 
spectra consisting of dominant [M + Na]+- and of se- 
ries of weak fragment ion peaks. The extent and type 
of fragmentation of peracetylated oligosaccharides ad- 
sorbed on nitrocellulose can be controlled by the 
amount of sodium in the sample. The positive ion mass 
spectrum is dominated by a peak corresponding to the 
sodium-cationized molecule when a large molar excess 
of sodium salt is added. But when the sample is com- 
pletely depleted of sodium, the spectrum shows no 
quasimolecular ion and is instead totally dominated by 
fragment ion species. Oligosaccharides having a broad 
molecular mass distribution, i.e. maltodextrins (a-1,4- 
linked oligoglucans) and dextrans (cl-1,6-linked oli- 
goglucans), have been analysed quite recently by 
MALD-MS [8]. With both analytes, series of mono- 
sodium and monopotassium oligoglucan ions were ob- 
served with 2,5 dihydroxybenzoic acid as matrix. The 
masses of the maltodextrins ranged from 500 to 3500 
Da and masses up to 7000 Da were observed with 
dextrans. It could be shown in one case that the signal 
pattern of the mass spectrum is comparable to that of a 
chromatogram using ion chromatography (Dionex) and 
pulsed amperometric detection. 

Recently, we tested and compared systematically a 
variety of low molecular weight and volatile com- 
pounds as matrices in 252Cf-PDMS measurements of 
oligosaccharides [9]. Some heteroaromatic amines, i.e. 
Z-aminothiazole, 3-aminopyridine and 3-aminoquino- 
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line, hydroxyanthraquinones, i.e. alizarin and quinali- 
zarin, and phthaleins, i.e. fluorescein, respectively, 
proved to be especially suited to enhance the quasi- 
molecular ion intensity of oligosaccharides. The suit- 
ability of a matrix for oligosaccharide analysis was 
mainly attributed to the fact that aggregation of 
oligosaccharides is reduced in the matrix by hydrogen 
bonding. But the basicity of the matrix compounds may 
also play an important role, probably in the ionization 
step. 

This contribution focuses on some recent results on 
oligosaccharides which we obtained by applying both 
methods, 252Cf-PDMS and MALD. The preparation of 
samples by a nebulizer specifically developed for pro- 
ducing samples thin enough for PDMS [9] was success- 
fully used also in MALD-MS. The mass spectra were 
recorded in the same time-of-flight spectrometer. Thus, 
the results yielded by both methods are not influenced 
by different sample preparation techniques or different 
ion optics, and information on the process of poly- 
atomic ion production is obtained directly by compar- 
ing the spectra. 

2. Experimental 

Materials: ol-Cyclodextrin was obtained from Prof. 
P. Kiill, Carl von Ossietzky-Universitat Oldenburg. The 
maltooligosaccharides (from maltotriose up to malto- 
heptaose) were obtained from Boehringer Mannheim 
GmbH. Dextrin 10 and 3-aminoquinoline were pur- 
chased from FLUKA, Buchs, Switzerland, aminopyra- 
zine and 2,5dihydroxybenzoic acid from Aldrich 
Chemical Ltd, and fluorescein from Jannsen Chimica. 
All compounds were used without any further purifica- 
tion. 

Sample preparation: The carbohydrates were dis- 
solved in double destillated water at a concentration of 
1 mg/ml. The matrices 3-aminoquinoline, aminopyra- 
zine, and fluorescein were dissolved in a 10% (v/v) 
methanol/water mixture at 10 mg/ml. 2,.5-Dihydroxy- 
benzoic acid was dissolved in double destillated water 
at a concentration of 10 mg/ml. Analyte and matrix 
solutions were then mixed at a ratio of 1: 1 (v/v). For 
sample preparation, 10 l.~l of solution were deposited 
onto an aluminized polyester foil (2.5 pm thick) by the 
use of a nebulizer. By this procedure, a thin almost 
homogeneous layer is produced on the foil surface. 
The nebulizer consists of a glass capillary, a 10 p,l 
microsyringe, and a tube for feeding N, as carrier 
medium. 

252Cf-PDMS: The PDMS spectra were obtained with 
a linear time-of-flight mass spectrometer which was 
built in cooperation with K. Wien, TH Darmstadt. The 
spectrometer is equipped with a 252Ct-source (effective 

fission fragments during the time of this study: about 
250/s), 2 MCP-detectors for the start and stop signals, 
respectively, a 0.8 m drift tube, and with a time digital 
converter CTN/M2 from IPN, Orsay. The data were 
collected and stored in an IBM PC/AT computer. 
Usually, the run time was 30 min, and the acceleration 
voltage + 15 kV. Mass resolution is about 600. 

MALD-MS: The MALD-MS spectra were obtained 
by our linear time-of-flight spectrometer modified for 
applying laser induced desorption (Fig. 1). The stop 
MCPs were replaced by a detector unit which is simil- 
iar to those applied in other laboratories. It is a vene- 
tian blind secondary electron multiplier (EM1 9642 2B) 
with an additional dynode supplied with a separate 
negative potential (- 3 to - 20 kV). A cylindrical tube 
on ground potential is placed in front of the dynode to 
shield the drift region from electric fields. The SEM 
anode is directly coupled to a fast amplifier (input 
impedance 50 a, rise time less than 500 ps) for current 
to voltage conversion. The focused and attenuated 
light pulses (15 ns FWHM) of a Q-switched frequency 
tripled (355 nm) or frequency doubled (532 nm) 
Nd : YAG laser (Hyperyag from JK) hit the sample in 
the spectrometer at an angle of 7”. Single shot spectra 
are recorded by a 125 megasample transient recorder 
(LeCroy 9400, DSO) controlled by an IBM PC/AT 
computer. The DSO trigger is generated by a signal of 
a fast photodiode excited by a laser beam reflex. The 
photodiode is connected to a constant fraction discrim- 
inator for time jitter reduction and for amplitude dis- 
crimination. Generally, the spectra presented were ac- 
cumulated from 20 single shots, but the dextrin 10 
spectra were evaluated from 50 shots. A local variation 
of the laser focus on the sample turned out to be 
unnessesary due to the sample preparation applied. 
But a selection of single shots must be made mainly 
due to the jitter of the laser pulse amplitude. 
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Fig. 1. Experimental setup for MALD-MS. 
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3. Results and discussion 

The compounds chosen as matrices for this study 
were required to absorb sufficiently the laser beam at 
355 or at 532 nm. Additionally, the compounds were 
chosen for their ability to form hydrogen bonds to the 
sugar, so that analyte molecules could be isolated from 
each other. Finally, the compounds were required to 
be soluble in water or water/methanol mixtures so 
that they could give homogeneous aqueous or 
aqueous-methanolic solutions and could be deposited 
together with the oligosaccharides onto a thin metal- 
lized foil by our spraying apparatus. Therefore, we 
chose the following compounds for comparing PDMS 
to MAID with regard to matrix effects: 3Aminoquino- 
line, aminopyrazine, fluorescein and 2,5_dihydroxyben- 
zoic acid. In a first series of experiments, o-cydo- 
dextrin, a cyclic oligosaccharide, was taken as the ana- 
lyte, but some P-cyclodextrin was also present in the 
sample due to insufficient purification. 

PDMS spectra of a-cyclodextrin obtained with 3- 
aminoquinoline, aminopyrazine and fluorescein as ma- 
trices are depicted in Fig. 2. All spectra show as a 
general feature dominating peaks at m/z 996 and 1158 
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Fig. 2. PDMS spectra of cw-cyclodextrin. (a) in 3-aminoquino- 
line (3-AMQ), (b) in aminopyrazine (AMP), (c) in fluorescein. 
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Fig. 3. MALD spectra of ol-cydodextrin, irradiation at 355 nm. 
(a) in 3-aminoquinoline (3-AMQ), (b) in aminopyrazine 

(AMP), (c) in 2,5_dihydroxybenzoic acid (2,5-DHB). 

corresponding to the [M + Na]+ quasimolecular ions of 
o- and p-cyclodextrin, respectively. In comparison, the 
fluorescein matrix gives the highest enhancement of 
the quasimolecular ion intensity, a result which was 
also obtained with maltoheptaose as analyte [9]. There 
are also some fragment ions in the spectra, especially 
at m/z 163 and 326 which correspond to fragment ions 
consisting of one or two glucose units, respectively. But 
the intensity of these small fragment ions is clearly 
decreased by matrix addition indicating a reduction of 
internal excitations of the quasimolecular ions. The 
matrix ions were generally observed as [M + HI+. 

MAID spectra of a-cyclodextrin obtained at 355 
nm irradiation and with 3-aminoquinoline and amino- 
pyrazine as matrices are depicted in Fig. 3. For com- 
parison, a corresponding spectrum obtained by using 
2,5_dihydroxybenzoic acid as matrix is also shown in 
the figure. The suitability of 2,5_dihydroxybenzoic acid 
as MAID matrix for oligosaccharide analysis has been 
reported recently [S]. All spectra of Fig. 3 show the 
quasimolecular ion peaks at m/z 996 and 1158 corre- 
sponding to the sodium-cationized cyclodextrins at al- 
most equal intensity. This experimental result clearly 
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demonstrates that for oligosa~haride analysis not only 
aromatic acids but also heteroaromatic amines can be 
used as suitable MALD matrices when they absorb 
sufficiently at the wavelength of the irradiating laser 
beam. It also indicates that an efficient isolation of the 
analytes in the matrix is a crucial common feature of 
PDMS and MALD matrices. 

In PDMS, 2,5-dihydroxybenzoic acid gives almost 
no ~nh~~ernent of the quasimolecul~ ion peak of 
oligosa~harides [9]. One reason for that may be the 
fact that the layer produced on the sample foil is less 
homogeneous and therefore the isolation of the ana- 
lytes in some places probably less efficient when using 
2,5-dibydro~benzoic acid. If the inhomogeneities have 
an average size larger than the PDMS but smaller than 
the MALD desorption area, then the molecular ion 
yield in PDMS is clearly affected and considerably 
lower whereas the corresponding MAtD yield may be 
not affected due to the large number of desorbed and 
ionized molecules. But different significant ionisation 
processes may also occur. 

A MALD spectrum of ~-~clode~~n obtained at 
532 nm irradiation and with fluorescein as matrix is 
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Fig. 4. Mass spectra of a-cyciodextrin, matrix: fluorescein. (a) 
MALD, irradiation at 532 nm, (b) MALD, irradiation at 355 
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Fig. 5. Mass spectra obtained with an equimolar mixture of 
maltooligosaccharides, maltotriose (M3) to maltoheptaose 
(M7), matrix: 3-aminoquinoline (3-AMQ). (a) PDMS, (b) 
MAL,D, irradiance at threshold, (c) MALD, at higher irradi- 

ante. 

depicted in Fig. 4a. Fluorescein has a high absorbance 
at this wavelength, and the MALD spectrum clearly 
shows the quasimole~~ar ion peaks at m/z 996 and 
1158 corresponding to the sodi~~atio~zed cyclodex- 
trins. The matrix ions were observed as [M + II]+ at 
m/z 333, as [M f Na]’ at m/z 355 and some frag- 
ment ions at m/z < 333. The ion intensities of the 
cyclodextrins are somewhat lower if compared to 
MALD spectra obtained with heteroaromatic amines 
as matrices, but the general suitability of a phthalein as 
MALD matrix for oligosaccharide analysis is clearly 
demonstrated. ~orrespond~g experiments with other 
phthalein matrices, i.e. eosin b and eosin y, yielded 
comparable results. In the future, one important ad- 
vantage for using phthaleins as matrices in MALR will 
be the fact that they absorb at waveIengths being in the 
visible spectral range. 

When using fluorescein as matrix, the sample can 
be excited also at 355 nm. Thus, the effect of varying 
the excitation wavelength from the visible to the ultra- 
violet can be studied, but the irradiance required at 
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355 nm is considerably higher due to low absorbance of broad molecular mass distribution. In Fig. 5, PDMS 
the fluorescein matrix. A MALD spectrum obtained and MALD spectra obtained with an equimolar mix- 
from the same sample but irradiated at 355 nm is ture sample are presented. The matrix was 3-amino- 
depicted in Fig. 4b. In comparison to Fig. 4a, the quinoline and irradiation at 355 nm. In the PDMS 
quasimolecular ion peaks at m/z 996 and 1158 do not spectrum, the quasimolecular ion peaks at m/z 528, 
show significantly less intensities, in spite of the low 690, 852, 1014, and 1176, corresponding to the 
absorbance of the matrix. The main difference between sodium-cationized oligomer units from M3 to M7, re- 
532 nm and 355 nm irradiation is rather the ionisation spectively, have nearly the same intensity. This result 
of the matrix molecules. At 355 nm irradiation, nearly reflects the fact that mass discrimination is reduced in 
all matrix molecules are ionized by protonation, PDMS by matrix addition 191. In contrast, the MALD 
whereas at 532 nm irradiation protonated as well as spectra obtained from the same equimolar mixture 
sodium attached fluorescein molecules were obtained sample (see Figs. 5b and 5c) show a drastic mass 
at considerable intensities. Thus, the MALD spectrum discrimination in the recorded mass range: The lower 
obtained at 355 nm irradiation compares much better the mass, the lower the intensity. Additionally, broad 
with the PDMS spectrum than that obtained at 532 nm ion peaks at m/z 1320, 1482, 1644, 1806, 1968, 2130 
irradiation. A PDMS spectrum obtained from the same and 2292, respectively, were observed when the irradi- 
sample is shown in Fig.4c. ante was increased above the threshold (Fig. 5~). 

In a second series of experiments, we investigated 
samples prepared with equimolar solutions of five lin- 
ear oligosaccharides, i.e. from maltotriose (M3) to mal- 
toheptaose (M7), and with dextrin 10, a commercially 
available ol-1,6linked oligoglucan sample having a 

Regarding the mass discrimination observed in 
MALD, we varied in a series of experiments the matrix 
(e.g. 2,5_dihydroxybenzoic acid), the sodium content in 
the sample (by adding up to 5 nMo1 NaCl), the matrix/ 
analyte molar ratio (from 1: 1 to 1000: l), the extrac- 
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Fig. 6. Dextrin 10. (a) Ion chromatogram (taken from ref. [9]), (b) PDMS, matrix: 2-aminothiazole. 
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tion voltage, and the laser intensity, but no influence of 
these parameters on the mass discrimination was ob- 
served. We prepared also samples with an equimolar 
solution of oligopeptides (leucine enkephalin and 
brady~nin), and in MAID a quite similar mass dis- 
crimination was observed, in contrast to PDMS. Thus, 
we conclude that there are signi~cantly different ef- 
fects in PDMS and in MAID and we assume that the 
different sizes of the desorption area affect type and 
number of secondary ions produced per primary event. 
For achieving a spectrum in PDMS, the total number 
of fission fragments is in the range of several 100000 
and each fission fragment produces only a few sec- 
ondary ions from an area not larger than about 50 nm 
in diameter. The total number of oligosaccharide 
quasimolecular ions registrated in a PDMS spectrum is 
in the range of several 1000. Consequently, these events 
are rather rare, and mass dis~mination does not occur 
by statistical reasons. In MAID, each single shot pro- 
duces up to a few 1000 secondary ions from an area 
which is controlled by the focus of the laser beam, i.e. 
about 50 km in diameter, and a few shots are normally 
sufficient to get a good-quality spectrum. Thus, each 
single shot contains generally the whole spectrum, and 
different analytes desorbed and ionized by the same 
shot compete with each other in the ionisation process. 
When quasimolecular ions are formed by sodium at- 
tachment, discrimination of lower against higher mass 
ions is probably due to the following facts: (1) 
Oligosa~harides of larger length have more sites for 
sodium attac~ent so that they are favoured by an 
higher sodium affinity. (2) The formation of quasi- 
molecular ions by sodium attachment is an exothermic 
reaction. The energy released by this reaction leads to 
an higher internal.excitation in low mass than in high 
mass ions so that high mass ions survive the ionization 
more likely. 

At higher irradiance, an ion series at higher masses 
was observed in MAID with 3aminoquinoline but not 
with 2,5-dihydroxybenzoic acid as matrix indicating an 
effect strongly dependent on the’matrix (see Fig. 5~). 
The series starts at m/z 1320 with mass increments of 
162 amu co~esponding to a single anhydroglucose 
unit. Therefore, these ions correspond to sugar com- 
pounds having higher masses than the analytes. The 
observed masses indicate that these ions are sodium- 
cationized anhydro-oligomers, but it is also possible 
that they are sodium-cationized matrix-analyte com- 
pounds. In any case, this experimental result demon- 
strates that specific reactions occur at higher irradi- 
antes when 3-aminoquinoline is used as MAID matrix 
for oligosaccharide analysis. 

A PDMS spectrum and a chromatogram of dextrin 
10, which was obtained by using anion exchange chro- 
matography and pulsed amperometry [9], is presented 
in Fig. 6. In this case, the PDMS matrix was 2- 
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Fig. 7. MALD spectra of dextrin 10. (a) mat& 3- 
aminoquinolme f3-AMQ), (b) mat& Z$dihydroxybenzoic 

acid (2,5-DHB). 

aminothiazole, which has been proven to be an excel- 
lent PDMS matrix for oligosaccharide analysis 191. A 
series of sodium attached oligoglucan ions is observed 
in the PDMS spectrum. The molecular weights of the 
quasimolecular ions range from 528 up to 2472 Da, 
equivalent to a degree of pol~erisation of 3 up to 15. 
The signal pattern of the PDMS spectrum is closely 
connected to that of the chromatogram. The chro- 
matogram shows oligomers n > 15 at very low concen- 
tration, but these oligomers are not observed in the 
PDMS spectrum due to the background. MAID spec- 
tra of dextrin 10 obtained with 3-aminoquinoline and 
2,5_dihydroxybenzoic acid as matrices are depicted in 
Fig. 7. These MAID spectra show also the series of 
sodium-cationized oligoglucan ions and large oligomer 
units up to n = 26 were observed at intensities which 
are comparable to the intensities in the chromatogr~ 
(Fig. 6b). But in both MAID spectra, the oligomers 
from n = 1 to YI = 5 are obviously discri~nated, in 
contrast to the PDMS spectrum. Thus, the discrimina- 
tion in MAID seems to be restricted to ions having 
masses lower than approximately 1200 amu. But fur- 
ther work and information is absolutely necessary to 
have an explanation for this experimental fact. Com- 
paring the two MAID spectra, it is concluded that 
3aminoquinoline is in general as suitable as 2,5-dihy- 
droxybenzoic acid for MALD analyses of oligosaccha- 
rides. But to reduce aggregate formation, an irradiance 
near the threshold must be applied when using 3- 
~noquinoline. 
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4. Conclusion 

PDMS and MALD spectra of oligosaccharides ob- 
tained by the same time-of-flight spectrometer from 
samples, which were prepared by using a technique 
suitable for both methods, have been measured and 
compared. By comparing the spectra, the effect of 
different matrices assisting the production of poly- 
atomic ions have been tested. Some heteroaromatic 
amines and phthaleins have been proven to be suitable 
matrices in PDMS as well as in MALD. Thus, matrices 
which enhance the quasimolecular ion intensity in 
PDMS, are also suitable MALD matrices when they 
absorb at the wavelength of the irradiating laser beam. 
Fluorescein, an excellent PDMS matrix for oligosac- 
charide analysis, has been successfully used as MALD 
matrix in the ultraviolet as well as in the visible spec- 
tral range. With regard to the observed matrix ions, the 
mass spectrum obtained by irradiating at 355 nm com- 
pare much better with the corresponding PDMS spec- 
trum than that obtained by irradiating at 532 nm. Mass 
discrimination in the range from 500 to 1200 amu has 
been observed when applying MALD to samples pre- 
pared with equimolar mixtures of oligosaccharides or 
with dextrin 10. This result has been attributed to the 
fact that in MALD a large number of secondary ions, 
produced from a desorption area much larger than in 
PDMS, are competing with each other in the ionisation 
process. Raising the irradiance above the threshold, 
aggregate ions has been observed when using 3- 
aminoquinoline as MALD matrix. These ions are the 
result of specific reactions and possibly cationized an- 
hydro-oligomers of the analytes. 
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