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Control of electronic _structure of p -oxo based on polyoxometalates and its
application to selective oxidation reactions

Yabe, Tomohiro
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In this study, multiple p -oxo structures were designed using Iacunar¥
polyoxometalates as molecular templates to create metal multinuclear active sites. By controlling
the reactivity of the bridging oxygen, selective oxidation of methane by oxygen was achieved.
Iron-containing polyoxometalate catalysts, specifically those with fewer nuclei, were designed to
have the targeted p -oxo structures by controlling at the atomic level and were highly dispersed on
oxides. It was found that this method resulted in the formation of highly dispersed Fe-u -oxo
structures. In these highly dispersed Fe-u -oxo structures, the reaction mechanism supposed to
involve the direct activation of oxygen, rather than the Mars-van Krevelen mechanism, which
primarily proceeds through lattice oxygen in bulk oxides. This strategy establishes one approach for
controlling the reactivity of bridging oxygen.
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Conv. [%] Sel. [%] Yield [%]

Enfry Catalyst CHa HCHO co CO, HCHO
1 Fe2/SiO, 14 41 45 14 057
2 Ti4/SiO, 0.40 82 5 13 0.33
3 SiV2/SiO, 0.44 55 27 18 0.24
4 V1mo/SiO2 0.52 63 22 15 0.33
5 Mn5/SiO; 0.97 25 45 30 0.24
6 Co4/SiO; 1.4 22 52 26 0.30
7 Cu2/Sio, 0.69 47 27 26 0.33
8 Ced/SiO, 0.56 n.d. 66 34 :

Reaction conditions: supported 10wt% POM catalyst (100 mg), CH,:0,:Ar = 2:1:7, 50 mL-min-1, 1 atm,
600 °C.
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o Conv. [%] Sel. [%] Yield [%]
Entry Catalyst Fe [wt%] CHa HCHO co cO, HCHO
1 Fe1/SiOz 0.16 14 54 33 13 073
2 Fe2/SiO; 0.17 14 41 45 14 0.57
3 Fe4/SiO; 0.63 3.0 1 62 28 0.33
4@ Fe2/SiO; 0.62 1.9 29 58 13 0.55
5 Fe2Zn2/SiO, 0.16 1.1 45 40 15 0.49
6 Fe2Ni2/SiO, 0.16 0.60 41 43 16 0.24
7 Fe2Co02/SiO; 0.16 0.98 50 39 1" 0.49
8 Cs-Fe2/SiO, 0.18 0.67 73 20 7 0.49

Reaction conditions: supported 10wt% POM catalyst (100 mg), CH,:O,:Ar = 2:1:7, 50 mL-min-?, 1 atm,
600 °C. [a] 35wt%.
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Reaction conditions: Catalyst (100 mg), HCHO (0.5-0.8%), 1 atm, 600 °C. [a] Ar (50 mL min~"),
[b] O, (5 mL min~"), Ar (45 mL min~").
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Reaction conditions: supported 10wt% catalyst (100 mg), 50 mL-min~", 1 atm, 600 °C.
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