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Computational Setup

The calculations reported here were performed by using periodic, spin-polarized density
functional theory (DFT) as implemented in the form of Vienna ab initio simulation package
(VASP)'2. For valence electrons, a plane-wave basis set was adopted with an energy cutoff of 400
eV and ionic cores were described with the projector augmented-wave (PAW) method*. The
Revised Perdew-Burke-Ernzerhof (RPBE) functional was used as the exchange-correlation
functional approximation which shown better performance in barrier estimation®, and uesd zero
damping DFT-D3 method of Grimme for van der Waals correlation correction®. Geometry
optimization was converged with forces acting on atoms lower than 0.03 eV/A, whereas the energy
threshold defining self-consistency of electron density was set to 10 eV. The reaction pathways
with a force tolerance of 0.05 eV/A and energy barriers were calculated by using the climbing
nudged elastic band (CI-NEB) method’.

The MgO(100) surface was modelled by 4x4 five-atomic-layer supercell. All the layers are
relaxed. The supercell containing a vacuum space of 10 A between the slab and its periodic images
was used. The reaction barrier was calculated as difference between initial state (IS) and the highest
image along pathway.

In order to analyze the methane adsorbed on catalyst, the adsorption energy (AEag) and the
reaction energy (AE) were define through following equation (1):

AEads = Earcatalyst — Ea — Ecatalyst (1)
AE=Ers — Eis

Where EA/catalyst is the total energies of the catalyst with the adsorbates(A) including CH4 and
O3, Ecaulyst and Ea are the clean catalyst and the free CH4 and O; respectively. The Ers and Ejs are
the total energies of the final state (FS) and the initial state (IS).
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Figure S1. The adsorption energy and configuration of oxygen molecule on undoped MgO(100).
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Figure S2. Reaction pathways of methane activation on Mo doped MgO(100) with adsorbed oxygen

molecule.
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