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Unravelling the chemical nature of anaerobic methane oxidation: the reaction profile
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Conversion of methane to methanol is an industrially very important process, as it provides a
sustainable route from an abundant and clean component of natural gas to one of the main
precursors for chemicals synthesis. An efficient stepwise process catalysed by copper-exchanged
zeolites has been suggested; however, a detailed understanding of the mechanism of such a
zeolite-catalysed conversion is still missing. One of the ongoing debates in studying copper-
exchanged zeolites is the exact configuration of the available catalytic sites. Another open
question is the role of the nature of the oxidant, and the mechanism of methane oxidation and
regeneration of the copper oxide active site.

We have recently shown [1] that a direct stepwise method for converting methane into methanol
with high selectivity over a copper-containing zeolite can be achieved by partial oxidation with
water, and proposed a mechanism involving methane oxidation at Cu(II) oxide active centers,
followed by Cu(I) reoxidation by water with concurrent formation of hydrogen. However, the
possibility of formation of various copper oxide species as active centers [2-4] opens a Pandora
box of potentially feasible reaction pathways, including, but not limited to, the reactions over the
mono- [5], di- [6], or tricopper [7] active species.

We use ab initio calculations to carefully study and analyze the possibility of alternative reaction
pathways, and show that the unique behavior of copper mordenite zeolite relates to the reactivity
of zeolite-supported copper oxide species, facilitating the two-electron redox process. We suggest
a novel reaction pathway, and critically discuss the possibility of using various copper oxide
species.
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