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ABSTRACT: We report the formation of naked cluster ions
of silver of speci�c nuclearities, uncontaminated by other
cluster ions, derived from monolayer-protected clusters.
The hydride and phosphine co-protected cluster,
[Ag18(TPP)10H16]2+ (TPP, triphenylphosphine), upon acti-
vation produces the naked cluster ion, Ag17

+, exclusively.
The number of metal atoms present in the naked cluster is
almost the same as that in the parent material. Two more
naked cluster ions, Ag21

+ and Ag19
+, were also formed

s ta r t ing f rom two other pro tec ted c lus t e r s ,
[Ag25(DPPE)8H22]3+ and [Ag22(DPPE)8H19]3+, respectively
(DPPE, 1,2-bis(diphenylphosphino)ethane). By systematic fragmentation, naked clusters of varying nuclei are produced
from Ag17

+ to Ag1
+ selectively, with systematic absence of Ag10

+, Ag6
+, and Ag4

+. A seemingly odd number of cluster ions are
preferred due to the stability of the closed electronic shells. Sequential desorption of dihydrogen occurs from the cluster
ion, Ag17H14

+, during the formation of Agn
+. A comparison of the pathways in the formation of similar naked cluster ions

starting from two di�erently ligated clusters has been presented. This approach developed bridges the usually distinct �elds
of gas-phase metal cluster chemistry and solution-phase metal cluster chemistry. We hope that our �ndings will enrich
nanoscience and nanotechnology beyond the �eld of clusters.
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Naked clusters of metals produced by laser desorption,
sputtering, and thermal evaporation have been studied
intensely in the past several years.1�7 Unusual

chemical reactivity, origin of catalysis, emergence of metallicity,
etc., are some of the fascinating aspects of the science of these
systems, prompting interdisciplinary studies.1,8�11 The feasi-
bility to create monolayer-protected atomically precise clusters
of varying nuclearities suggests the possibility to generate naked
clusters at will by ligand desorption. Although the synthesis of
such naked clusters appears simple, ligand desorption can lead
to signi�cant changes in the core structure, especially when the
core�ligand interaction is strong (�Hf = 418 kJ/mol as in the
case of gold clusters protected with thiolates).12�20 Con-
sequently, the naked clusters observed are very small such as
Au4

+, Au5
+, and Au7

+ from well-known clusters such as
Au25(pMBA)18 and Au36(pMBA)24 (pMBA = para-mercapto-
benzoic acid).13 Formation of even such very small naked

cluster cores has not been observed for protected silver
clusters.21�23 The recent synthesis of hydride-rich silver
clusters, co-protected by phosphines in solution, suggests easy
desorption of weakly interacting ligands and consequent
formation of large naked silver cluster ions.24 This paper
reports the formation of naked cluster ions of speci�c
nuclearities, uncontaminated by other cluster ions where the
number of metal atoms present in the naked cluster is almost
the same as that in the parent material. By systematic
fragmentation, clusters of varying nuclearities are produced
with ease, paving the way for systematic investigation of their
chemistry. Pathways for the formation of such naked cluster
ions have been explored.
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