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Abstract: Cryogenic ion vibrational spectroscopy was used in
combination with electronic structure calculations to identify
the active site in the oxygen atom transfer reaction [AlVO4]

+C +
CO![AlVO3]

+C + CO2. Infrared photodissociation spectra of
messenger-tagged heteronuclear clusters demonstrate that in
contrast to [AlVO4]

+C, [AlVO3]
+C is devoid of a terminal Al@Ot

unit while the terminal V=Ot group remains intact. Thus it is
the Al@Ot moiety that forms the active site in the [AlVOx]

+C/
CO/N2O (x = 3, 4) redox couples, which is in line with
theoretical predictions.

Arguably, the metal-mediated conversion of CO into CO2

constitutes one of the best-studied oxidation processes, both
at surfaces[1] and in the gas phase.[2] Catalytic conversions of
harmful gases that are produced in fossil-fuel combustions,
such as CO or the oxides of nitrogen, into N2 and CO2 are of
particular importance, both environmentally as well as
economically. While these redox reactions are quite exother-
mic, for example, DrH =@365 kJmol@1 for the reaction
N2O + CO!N2 + CO2, they do not occur directly to any
measurable extent at either room or elevated temperature.
This impediment is due to the high activation barriers, which
exceed 197 kJmol@1 for the N2O/CO system. Catalysts are

required to bypass the barrier by opening up new, energeti-
cally less demanding pathways. The combination of computa-
tional studies with gas-phase experiments has proven helpful
in this endeavor, shedding new light on the catalytic
mechanisms that operate at a strictly atomistic level.[2] For
example, in a landmark experiment, Kappes and Staley[3]

demonstrated that a single Fe+ atom can superbly mediate
the coupled redox processes described in Equations (1) and

N2Oþ ½FeAþ ! ½FeOAþ þN2 ð1Þ

(2) under ambient conditions. Theoretical work, comple-

½FeOAþ þ CO! ½FeAþ þ CO2 ð2Þ

mented by experimental studies over an extended temper-
ature regime, revealed fascinating details concerning the
electronic structure requirements and dynamic aspects of
oxygen atom transfers (OATs) in this system,[4] which involve
a two-state reactivity scenario.[5]

Subsequently, numerous other atomic main-group and
transition-metal cations have been tested, mostly by the
Bçhme group[6] and others.[2g,7] More recently, the focus of
activity has shifted to the investigation of metal oxide clusters,
in particular heteronuclear ones, to uncover the underlying
mechanisms.[2f,g] Here, one of the pertinent challenges con-
cerns the identification of the active site[8] in the metal oxide
cluster, the so-called aristocratic atom.[9]

The redox couple [AlVOx]
+C/CO/N2O (x = 3, 4) may serve

as a good example.[10] At room temperature and under single-
collision conditions, the heteronuclear oxide cluster
[AlVO4]

+C is reduced to [AlVO3]
+C in the presence of CO,

and if N2O is added, re-oxidation occurs. Both OATs
proceeded cleanly and with reaction efficiencies of 59%
and 65 %, relative to the collision rate, respectively. In
principle, the turnover number (TON) of this ideal catalytic
cycle (Scheme 1) is infinite; however, in reality, the TON is
limited by side reactions with background impurities, for
example, hydrogen atom abstraction from hydrocarbons.[10]

DFT calculations have provided insight into parts of the
mechanism responsible for these redox processes. Further-
more, theory predicted that in the course of the OAT
(Scheme 1), the active site should involve exclusively the
terminal Al@Ot unit of [AlVO4]

+C. In contrast, the V=Ot

moiety of [AlVO4]
+C cannot provide an oxygen atom in the
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