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Strong-acid compatible, earth-abundant-element, molecular water oxidation catalysts for solar fuel

production

eeper insights and commensurely better versions of

the three interconnected functional units in solar fuel
generation systems are needed: water oxidaton catalysts
(WOCs), H,0 and CO, reduction catalysts and light-absorbing-
charge-separating structures. Transition-metal-substituted
polyoxometalates (POMs) have been investigated by many
groups as WOCs because they combine the advantages of
molecular (homogeneous) catalysts (their properties can
be studied in depth experimentally and computationally),
with the advantages of non-molecular (heterogeneous)
catalysts (carbon-free and very robust). Many groups
have studied and developed POM WOCs that contain only
earth-abundant elements since our first report.1-3 A grand
challenge in water oxidation and solar fuel production is
the development of earth-abundant-element, effective
WOCs that also function in strong acid. We will report new
earth-abundant-element POMs that are both very good
in strong base and, more importantly, in strong acid. Five
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different forms of a POM containing 9 cobalt centers with
the polyanion formula [Co,(OH)(H,0)(HPO,),(PW.O,,).]**
have been prepared and structurally characterized (XRD,
NMR and other methods). Figure 1 shows the X-ray crystal
structure of the (Cs*), salt. Despite different unit cells, all
give derivatives catalyze water oxidation in strong acid but
at different rates, with the Y** salt being the most effective.
Despite different reactivities and crystal structures, the tafel
slopes for the 4 insoluble derivatives are the same indicating
that all oxidize water by a similar or identical mechanism.
Good methods for immobilization of homogeneous
catalysts on photoelectrodes is also a central issue in
solar fuel generation. We will discuss the preparation and
characterization of POM-WOC-SC (SC = semiconductor =
TiO, or Fe,O,) photocatalytic water oxidizing electrodes.
3-5 We recently demonstrated that POM-WOC-SC systems
can be stabilized by appropriate layers (depths) of ALO,
deposited by atomic layer deposition (ALD; see Figure 1).5
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