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Abstract

ToF-SIMS analysis of the organometallic cluster Os;(u-H)(CO);o(1-SCH,CH,SH) chemically attached onto a silver or gold sur-
face, and of the cluster fragment Os3(u-H)(CO)(1-OSi=) on a silica surface, allows for identification of the surface organometallic

species, and also gives information on its reactivity.
© 2005 Elsevier B.V. All rights reserved.
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The interaction of organometallic clusters and sur-
faces encompasses interests in the employment of orga-
nometallic clusters as precursors for the deposition of
molecular clusters [1] and size-controlled metallic parti-
cles [2], as well as in surface-mediated syntheses of orga-
nometallic clusters [3,4]. The chief difficulty in
examining such surface-deposited species is the avail-
ability of suitable characterisation methods. Methods
available for the characterization of surface-anchored
organometallic clusters include solid-state IR spectros-
copy, surface-enhanced Raman spectroscopy (SERS),
X-ray photoelectron spectroscopy (XPS), EXAFS, and
various microscopy techniques such as AFM, SEM,
TEM and STM. Among these, XPS is useful in identify-
ing the elements present; EXAFS may afford some idea
of the geometry of the surface-anchored species but it is
notoriously difficult to interpret; the microscopy tech-
niques have limited use as far as characterization of
molecular species is concerned since information obtain-
able about the ligands is limited. The latter information
can in principle be obtainable from infrared spectros-
copy. However, acquisition of IR data on metallic sur-
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faces is not easy, even with SERS. Insofar as clusters
are concerned, there is also uncertainty about the nucle-
arity of the clusters, and if the surface species does not
have molecular analogues, the IR data may be impossi-
ble to interpret.

We have recently wanted to anchor organometallic
clusters onto various surfaces and sought a mass spec-
trometry technique that would afford us information
about the size and composition of the surface-deposited
species. One of the useful mass spectrometric methods
for the characterisation of surfaces is Time-of-Flight
Secondary Ion Mass Spectrometry (ToF-SIMS), which
has been applied to metals and inorganic compounds
[5], ultrathin films [6], self-assembled monolayers [7],
and even biomaterial surfaces [8]. We would like to re-
port here that ToF-SIMS appears to be a very powerful
method that can yield useful information on the surface-
anchored organometallic species.

The cluster Os3(n-H)(CO);9(n-SCH,>CH,SH) [9], was
anchored onto both silver and gold surfaces [10]. The
ToF-SIMS spectra of these surfaces show very clearly
the molecular fragment Os3(pn-H)(CO)1o(p-S) [11], to-
gether with the expected fragments due to sequential
loss of CO (Fig. 1). That the most obvious highest
mlz fragment corresponds to [Oss(u-H)(CO)o(p-S)]™,
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Fig. 1. ToF-SIMS (positive ion mode) spectra of Os;(pn-H)(CO),o(n-SCH,CH,SH) anchored onto: (a) silver foil and (b) gold foil.

together with presence of fragments such as [Os;(u-
H)(CO)o(u-S)Ag]", is consistent with observations that
the C-S bond in such cluster species can be fairly easily
cleaved [12].

Higher molecular weight fragments attributable
to [Os;(n-H)(CO);o(n-SCH,CH,S)]" and even [Oss-
(u-H)(CO),o(u-SCH,CH,SM)]" (where M = Ag or Au)
may be discerned although the intensities are rather
low; the spectra were similar whether acquired in the
positive or negative modes. A consequence of the high
energy of the sputtering beam is the observation of
fragments with even higher m/z, attributable to frag-
ments from ions containing more than one surface me-
tal atom, ie., [Os3(u-H)(CO);o(n-SCH,CH,SM,)]*
(n>1).

The ToF-SIMS of Os;(CO);, coated onto a gold
surface, i.e., without washing of the surface, shows
the molecular mass fragment and its attendant frag-
mentation pattern. This result is similar to an earlier
report on the cluster [RusC(CO)4Pt(CsH;5)] [13]. On
the other hand, silver and gold foils treated with
053(CO);, and Ruz(CO),», using an identical procedure
to that used for our Os3(u-H)(CO);o(n-SCH,CH,SH)
sample above, did not show any detectable signals
attributable to the parent clusters or their fragments.
This served to verify that the signals we have obtained
above were not due to physisorbed species which may
not have been adequately removed during sample
preparation.

It would be particularly useful if the technique can be
applied to organometallic species supported on silica as
this is a very common support employed in catalysis and
surface-mediated syntheses. We have thus carried out a
ToF-SIMS analysis of the surface-anchored cluster spe-
cies Os3(u-H)(CO)1o(u-OSi=) (where Si= represents
the silica surface), which we prepared by soaking a glass
plate in a solution of Os3(u-H)(CO);o(1-OH) [14]. This
surface-anchored species has been extensively character-
ized [4]. Despite the expectedly low concentration of this

species, the cluster fragment [Os;(p-H)(CO),0]" (cluster
of peaks around m/z 851) can still be discerned (Fig. 2)
[15]. A molecular fragment corresponding to [Oss(jt-
H)(CO),¢(n-0)]" is not observed although the fragment
[Os3(n-H)(CO)g(n-O)]*  corresponding to subsequent
loss of two CO ligands from it is discernible (cluster of
peaks at about m/z 813). This would suggest that the
cleavage of the Os-O bond is more facile than that of
the O-Si bond, which is consistent with the suggested
mechanism for the formation of Os3(u-H)(CO)o(p-
OH) from the reaction of Os3(pu-H)(CO);o(1-OSi=) with
water [4].

ToF-SIMS is thus not only a very useful method for
the analysis of surface-anchored organometallic species,
but is also able to provide some information on the
likely chemistry of this species. We believe that the
utility of ToF-SIMS for the -characterization of
surface-anchored species is vast and not confined to
organometallic cluster species only, and we are currently
exploring the scope of this application.
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Fig. 2. ToF-SIMS (positive ion mode) spectrum of Os;(u-H)(CO);o(p-
0Si=).
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