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[Felr5(GO)15]3' (1) readily reacts with excess acid at
room temperature to give [Felrs(CO)1e] (Il). Both
these clusters are based an octahedral metal ge-
ometry {F1), and both have the required number of
valence electrons (86) (1). Since CO dissociation is
often observed following cluster reduction (2), it may
be possible to convert Il to | by electrochemical re-
duction.

Figure 1. Molecular Structures of [Felrs(CO)15l” (1)
and [Felrs(CO)1e] ().
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Method

The postulated interconversion requires a chemical
reaction to follow electron transfer. The easiest way
of looking for such a reaction is to use cyclic voltam-
metry, since the reactive dianion can be generaied
on the forward scan, and the product of the chemical
reaction can be detected on the reverse and sub-
sequent scans.
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The cyclic voltammograms of | are shown in F2.
The first oxidation (A) is reversible al scan rates
greater than 100 mV/s. Controlled potential coulo-
metry at this potential showed n=1. The second oxi-
dation (B) is ireversible. The chemical reactions fol-
lowing both oxidations nvolve cluster decomposition.

c
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Figure 2. Cyclic voltammograms of [Felrs(CO)15]3'
(). Al potentials were measured with reference to
Ag/AgCl.

In contrast, the cyclic voltammograms of II show an
imeversible reduction (D), which leads to the forma-
tion of | {F3) {observable on the reverse scan and
the second scan). Coulometry at D showed n=1.5.
This is consistent with a fwo electron reduction to
give an unstable product, which is oxidized at E.
This product was thought to be [Felr5(00)1s]3.
which is apparently unstable and loses a carbonyl
ligand to produce I. Increasing the scan rate from
200 to 1000 mV/s causes an increase in the peak
current of E relative to the other peaks currents (F3),
which is consistent with its assignment to the oxida-
tion of an unstable intermediate.
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Figure 3. Cyclic voltammograms of [Fetrs(CO)16] (Il).

Discussion

It is interesting to speculate on the structure of the
unstable trianionic intermediate. Although the reduc-
tion apparently involves twe electrons, it is important
to realize that it in fact consists of two sequential one
electron transfers, the second reduction being more
favorable than the first. Therefore, there must be
some structural change that is concerted with or se-
guential to the first reduction, since electron-electron
repulsion would otherwise make the second reduc-
fion more difficult than the first. Generally, there are
two possibilities for such a structural change in a
carbonyl cluster: a) dissociation of a carbonyl ligand
) rearrangement of the metal geometry to a geome-
try that is suitable for two additional electrons. Both

rearrangements have been reported for hexanuclear
carbonyl clusters (1,2), and would produce electron
deficient complexes which would be readily reduced
at the potential of the first reduction (this fulfils the
condition for an apparent two electron reduction).
However, the first possibility can be discounted,
since the product of the second reduction would be
[Felrs(CO)15™, whereas the data require an unsta-
ble intermediate which converts to this trianion.
Therefore, the second possibility appears to be more
likely, particularly as there does not appear fo be a
stable geometry for hexanuclear carbonyi clusters
with 88 valence electrons (1}. In addition, the activa-
fion energy for the second process is probably lower
than for the first process i.e. the product with the dif-
ferent metal geometry is the kinetic product, whereas
the product of ligand dissociation is the thermody-
namic product.
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