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Fig S1: Methane formation free energy diagrams via the MvK mechanism
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Fig S2: Formic acid, Methanol, methanediol and Methane formation free energy diagrams via

the conventional mechanism.
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Fig $3: Schematic diagram of adsorption of COOH and OCHO on the carbon site. Red color indicates
the Oxygen atoms, white hydrogen atoms, brown carbon atoms and gray indicates the metal atoms.
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Fig S4: Configuration of formation of formic acid, methanol, and methane on WC catalyst. Silver,
brown, red, and white colors indicate the metal, carbon, oxygen, and hydrogen atoms.

Table S1: Calculated each intermediate's Gibbs free energy AG (eV). The sign of (-) denotes that
these intermediates are not formed on these catalysts.



[Catalyst COOH OCHO
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