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Abstract

The collision-induced dissociations of small caesium iodide cluster ions of the type G3$(@s$igren = 3-7, have been investigated
under low-energy multiple collision conditions. The collisions were performed in the rf-only quadrupdd&Eqg€ehybrid mass spectrometer.
Breakdown graphs of selected parent ions were obtained by varying the laboratory collision energy in the range of 0—400 eV. The fragmentation
dynamic established under these conditions provides a link between the well-known decay behaviour occurring unimolecularly and the
dissociations following high energy (keV) collisional activation. Of particular interest is the observation that the energy-dependeribdissociat
pattern supplies support for the occurrence of one-step fission reactions, featuring the evaporation of presumably intaettf@ls)as
opposed to a sequential decay wmiasl losses. The breakdown graphs thus provide a valuable tool to enhance insight into the fragmentation
mechanism of these clusters.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The fragmentation behaviour of caesium iodide clus-
ter ions has been extensively studied, covering both the
Salt-like clusters of the general formula C(GA) where unimolecular decompositions, applying for instance mass-
C denotes a metal cation and A stands for an anionic counteranalysed ion kinetic energy spectrometry (MIKE%)-10],
ion, continue to represent a prime target of fundamental as well as high energy collision-induced dissociations (CID)
research. This is particularly true for alkali halide clusters, [7,11-14] The fragmentation efficiency of metastable ions
whereby caesium iodide clusters play an exceedingly im- has been correlated with the magic number pattern ob-
portant role, as these are easily accessible by a variety ofserved in the mass spectra of such clusfgf. Collision
methods and composed entirely of monoisotopic elements.theory has been developed, studying the translational en-
Besides desorption-based methods, electrospray ionisatiorergy loss of fragment ions during keV collisiofis1-14]
has advanced as a competitive means of production of suchThe fragmentation mechanisms governing the unimolecu-
clusters[1-3], also enhancing the occurrence of higher lar and collision-induced dissociations have been a further
charge state§2,3]. Recent investigations include ion mo- focal point of interest. The unimolecular decompositions of
bility studies for the differentiation of cluster structurés, small caesium iodide clusters, Cs(G8l) are characterised
as well as the use of trapped ion diffraction to obtain infor- by loss of one and/or two Csl moieties. A central issue has
mation about the cluster lattidg]. The fragmentation dy-  been in this context the question as to whether a particular
namics has also been a focal point of several recent studiedragment ion has been formed through a one-step fission
[1-3,6] reaction involving the loss of an intact (Cslynit as op-
posed to a succession of events via the loss of individual
mpondmg author. Tels44-2476-524934: n(Csl) units[9,10]. Kinetic_ energy rel_ease d_ata_ (_jerived by
fax: +44-2476-524112. MIKES [9] and the spatial separation of individual pro-
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cell [10], showed that unimolecularly the loss of an intact
dimer ((Csl}) prevails over a successive evaporation of
two Csl monomers. High-energy collisional activation of
Cs(Csl),* clusters in the keV laboratory energy frame led
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are not directly formed from the Cs(Cst) parent ion, but
through a reaction sequence which involves Cs(Cal an
intermediate. The breakdown graph thus clearly indicates
a succession of events as the collision energy increases,

to the formation of a complete set of daughter ions through commencing with the loss of (Cgl){as established earlier)

the formal loss of up teCsl units[11]. It has been possible
to collisionally re-ionise the neutral fragments derived from
high-energy CID16], leading to the identification of intact
(Csl), fragments withn being as large as 4, providing fur-
ther support for the importance of the evaporation of intact

from the parent ion and followed by Csl evaporation from
the intermediate Cs(Csi)fragment ion. The formation of
Cs(Csly™ via loss of a single Csl unit remains inaccessible
under the applied conditions.

The breakdown graph of Cs(Cst) is shown inFig. 1k

neutral moieties (one-step fission) within the decay reactiv- This parent ion undergoes at low collision energies the loss

ity of these cluster ions. In order to shed further light onto

of a single Csl unit to form Cs(Cg}¥. As the Cs(CsB™ ion

the fragmentation dynamics of such clusters, the presentproduction reaches its maximum, a further increase in colli-
report investigates the translational energy dependence ofsion energy results in a dissociation pattern that is an almost

low-energy collision-induced dissociations occurring under
multiple collision conditions.

2. Experimental

Caesium iodide clusters were produced by fast atom bom-

bardment (FAB) of a solid salt surface applying Xe atoms
at 8keV inside the ion source of a VG-ZAB-HSQ mass
spectrometer dBEQQ configurationB stands for magneE
denotes the electric sector ag® represents a quadrupole
system. The parent ions were initially accelerated by 8kV,
selected byB andE and decelerated to a particular transla-

exact replica of the Cs(Csf}y breakdown graphFig. 13.
Cs(Csl}™ is thus established as an intermediate of further
reactions. The breakdown graph thus reveals a succession of
reactions whereby Cs(Cst) dissociates first into Cs(Csf}
which continues to fragment into Cs(Cstrom which even-
tually Cs" is produced at higher collision energies.

Fig. 1cshows also a breakdown graph of Cs(G$lpre-
cursor ions entering the collision quadrupole at the same
range of translational energies aig. 1h These ions, how-
ever, were generated by unimolecular decomposition in the
second field-free region of tH8EQQ instrument employing
the mass selection of Cs(Cgt)ions byB and usingE for
the selection of Cs(Csj}¥. The breakdown pattern of these

tional energy in the range of 0-400 eV before entering the unimolecularly generated Cs(Cst)ions shows a decay be-

“rf-only” quadrupoleq which operated as the collision re-
gion. The second quadrupof@ was scanned in order to
sample those ions emerging from the collision region. Air

was used as the collision gas and introduced into the colli-

sion quadrupole to reduce the transmission of the Cs{Csl)
parent ion to 80%. For a given laboratory collision energy,

haviour that may be expected of ions possessing a lower
internal energy content than their source-generated counter-
parts. The maxima for the resulting daughter ion abundances
are clearly shifted towards higher collision energigig (19
compared to the source-generated Cs¢Cslpn (Fig. 1b.
Unexpected, however, is the simultaneous co-formation of

several successive scans were accumulated for one spectrur@s(Csly™ and Cs(Csi¥ ions at low collision energies. As
and stored on a data system. Breakdown graphs were ob+ig. 1bclearly indicated that both these ions are formed in a

tained by plotting the relative intensities of all product ions
obtained for a given collision energy as a function of the
collision energy.

3. Results and discussion

Fig. 1shows the breakdown graphs of Cs(G3IfFig. 19
and Cs(CsY* (Fig. 1b and ¥ At low collision energies,
the Cs(CsR* ion dissociates into Cs(Cs1)by the net loss
of two Csl units. Unimolecularly, this reaction proceeds via
evaporation of an intact dimer ((Csllpss)[9,10], which has
also been identified in high-energy collision/re-ionisation ex-
perimentq16]. It is thus reasonable to assume that also dur-
ing low-energy collisions the dimer formation prevails. With
increasing collision energy, Csdaughter ions are formed.
The onset of the Csfragment ion formation coincides with
the Cs(CsIj abundance going through a relative maximum
and as the Cs(Csf)ion abundance declines, Tsons are
increasingly formed. This strongly suggests that” Gsns

successive reaction sequence, therefore, the expectation for
Fig. 1cwould be that the onset of the Cs(Csljormation

is even more shifted towards higher collision energies. The
immediate formation of a relatively low abundant amount
of Cs(Csl)" ions may indicate that also a direct fission from
the Cs(Csl)* precursor is feasible for these ions. Unfortu-
nately, it can only be speculated if the low internal energy
precursor ions might possess a minor isomeric component
which may directly decompose into Cs(Csl)This finding,
however, is the first clear indication from this set of data that
entities larger than Csl and (Cslinay be expelled directly
from such caesium cluster ions.

This interpretation is even more clearly collaborated by
the breakdown graph of Cs(Cst) shown inFig. 2a The
co-formation of Cs(Cs))t daughter ions with: = 3 and
4 is expected because these dissociations are also observed
as unimolecular fragmentations involving the loss of (£sl)
with n = 1 and 2[9]. The relative abundant formation of
Cs(Csl) in this energy range, however, may be taken as
indication of the simultaneous loss of four Csl entities.
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Fig. 1. (a) Breakdown graph of Cs(Cst), (b) Cs(Csl)* and (c) Cs(Csk" produced unimolecularly from Cs(Cst).

Considering the successful re-ionisation of larger intact The energy dependent decay of Cs(g5IjFig. 2b) is es-
(Csl), units with up ton = 4 being expelled from caesium sentially consistent with a decomposition pattern that can be
cluster cations in high-energy (keV) collisiofif], it is rea- deduced from the well-known unimolecular decay behaviour
sonable to assume that the latter reaction also proceeds viaf the parent and resulting fragment ions. At low collision
the loss of an intact (Csj)neutral. As the Cs(Cs{) abun- energies Cs(Cs)) with » = 4 and 5 are formed, both of
dance goes through a maximum and declines, the Cs{(Csl) which continue to decompose predominantly into Cs({sl)
signal rises even further, which is now the consequence of theas the collision energy increases. The latter ion is besides
aforementioned dimer loss from the Cs(G3$I)ntermediate. Cs(Csl),* with n = 4 and 5 the main intermediate towards
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Breakdown graph of Cs(CsI)s‘
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Fig. 2. (a) Breakdown graph of Cs(Cst), (b) Cs(Csl}* and (c) Cs(Csh*.

production of Cs(Cst) from which it is formed presumably  of all other feasible fragment ions, preventing a further as-
via (Csl) loss. The Cs(Cs§)" precursor ions is also the signment of the energy-dependent daughter ion formation.
largest cluster which under the applied conditions allowed Upon entering the collision quadrupole at relative moderate
a meaningful interpretation of the fragmentation dynamics. collision energies, all fragment ions commonly observed by
Fig. 2c provides the breakdown graph of Cs(G3l) The high-energy CID are readily formed from the Cs(G3lpre-
loss of one Csl unit is the least energy demanding reactioncursor ion under the applied conditions. This behaviour is in
pathway. With increasing energies the Cs(gslproduc- line with earlier findings, indicating a more pronounced dis-
tion is accompanied by an almost simultaneous formation sociation efficiency with increasing size of these clusféfs



R. Herzschuh, T. Drewello/ International Journal of Mass Spectrometry 233 (2004) 355-359 359
4. Conclusion References

In summary, low-energy collisions have been per- [1] M.J. Van Stipdonk, M.P. Ince, B.A. Perera, J.A. Martin, Rapid Com-
formed under multiple collision conditions with a “classic” mun. Mass Spectrom. 16 (2002) 355.
amongst the salt-like clusters. The breakdown graphs ob- [2 M-P. Ince, B.A. Perera, M.J. Van Stipdonk, Int. J. Mass Spectrom.
tained represent the missing link between the well-known 207 (2001) 41.

_ p Sing : [3] D. Zhang, R.G. Cooks, Int. J. Mass Spectrom. 195/196 (2000) 667.
UmmOleCUl_ar decqmpo_sm_on behaVK_)W a_nd the equally (4] M. Maier-Borst, P. Loffler, J. Petry, D. Kreisle, Z. Phys. D 40 (1997)
well-established dissociations following high-energy col- 476.
lision. The collision energy-dependent fragmentation dy- [5] S. Krikeberg, D. Schooss, M. Maier-Borst, J.H. Parks, Phys. Rev.
namics follows predominantly a succession of events that __Lett 85 (2000) 4494. )

be predicted from the metastable ion dissociations [6] L. Wu, J.W. Denault, R.G. Cooks, L. Drahos, K. Vékey, J. Am. Soc.
can be p , ' Mass Spectrom. 13 (2002) 1388.
comprising the |05_5 of one and/or two Csl units (the later (7] m.A. Baldwin, C.J. Proctor, I.J. Amster, F.W. McLafferty, Int. J.
presumably as dimer). However, the breakdown graphs Mass Spectrom. lon Process. 54 (1983) 97.
also reveal the occurrence of daughter ions of lower mass [8] T.G. Morgan, M. Rabrenovic, F.M. Harris, J.H. Beynon, Org. Mass
than detected unimolecularly, which is tentatively inter- Spectrom. 19 (1984) 315.

- . . 9] H.J. Hwang, D.K. Sensharma, M.A. El-Sayed, Chem. Phys. Lett.
preted as collision-induced loss of larger intact neutrals o 160 (1989)9243 y y

of (Csl), with n > 2, as observed in earlier high-energy [10] T. Drewello, R. Herzschuh, J. Stach, Z. Phys. D 28 (1993) 339.
CID experiments[16]. Despite the fact that the present [11] P.J. Derrick, A.W. Colburn, M.M. Sheil, E. Uggerud, J. Chem. Soc.,
experiments cannot provide more clarifying insight into Faraday Trans. 86 (1990) 2533.

the nature of the neutrals lost in these dissociations, thel12] C.D. Bradley, P.J. Derrick, Org. Mass Spectrom. 28 (1993) 390.

. [13] K. Vékey, G. Czira, Org. Mass Spectrom. 28 (1993) 546.
energy-dependent breakdown graph offers additional NEW |14 v, Lee, M.S. Kim, J. Phys. Chem. A 101 (1997) 6148.

insight into the fragmentation dynamics of caesium i0- [15] H.J. Hwang, D.K. Sensharma, M.A. El-Sayed, J. Phys. Chem. 93
dide cluster ions, bridging the gap between the dissocia- (1989) 5012.

tion behaviour at threshold and following highly energetic [16] M.J. Polce, S. Beranova, M.J. Nold, C. Wesdemiotis, J. Mass Spec-
collisions trom. 31 (1996) 1073.



	The fragmentation dynamics of small Cs(CsI)n+ cluster ions under low-energy multiple collision conditions
	Introduction
	Experimental
	Results and discussion
	Conclusion
	References


