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Development of catalysts for alkane oxidation using polyoxometalates with
precisely constructed metal multinuclear structures
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Direct oxidative conversion of methane into useful Cl products, as an

example of oxidation of lower alkanes using oxygen, remains challenging due to the low reactivity of
methane and its facile overoxidation into carbon dioxide under high temperature conditions. Desired
products such as methanol and formaldehyde are more reactive than methane, making it difficult to
control selectivity. Therefore, we developed a new strategy that by synthesizing uniform
heterogeneous catalysts with precisely designed metal active sites using metal-introduced
polyoxometalates, we could rationally design an active site structure that exhibits high selectivity
in the methane oxidation. In this study, we used a diiron-introduced polyoxometalate as a precursor
to form thermally stable iron oxide subnanoclusters on Si02, which selectively converted methane
into formaldehyde and carbon monoxide (methane conversion, 2.3%; selectivity, 87% at 873 K after 1
h), maintained its catalytic activity even after 24 h.
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Reaction conditions: catalyst (100 mg), CH,:Ox:Ar = 2:1:7, 50 mL min~", 0.1 MPa, 600 °C, [a] 400 °C,
3 [b] 100 mL min~", [c] catalyst (50 mg), [d] the unit is [mOlycHosco Molpon™Th™"].
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