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Abstract: Methane (CH,) reforming to syngas lays fundamental for transformation and utilization of natural gas,
where CH, with high symmetry is hardly to activate, becoming a most challenge. In this work, the charge
distribution, location of electron and dipole moment of CH, as well as CO, and H,0 involved in CH, reforming
reactions were firstly investigated under an influence of external electric field (E). Furthermore, the interaction
energy, charge and steric configuration of reactants in CH, dry reforming (DRM) and CH, stream reforming (SRM)
systems were analyzed based on the analysis of single molecule of CH,, CO, and H,0. It was found that the strong
external electric field could regulate the distribution of electron in molecules, especially for the nonpolar CH, and
CO,, enhancing the electron density along with the electric field direct, weakening the symmetry of CH, and
polarizing it through causing an induced dipole moment. When the intensity of external electric field was 1 V/A, the
induced dipole moment of CH, was 0.71D, and Hirshfeld charge amount transferring from O_1 to O_2 in CO, was up
to 0.17 when CO, was parallel to £ while deformation for the vertical CO,. Different with nonpolar CH, and CO,, the
orientation of H,0 would be forced in line with the direct of E driven by a torque due to dipole moment of H,0O in an
external electric field of 1 V/A. In SRM system, interaction energy of reactants could be effectively enhanced even
at 0.1 V/A. And the regulation for H,0 by E was co-affected by dipole moment of H,0 itself and adjacent CH,
molecule. At 1 V/A, the interaction energy of reactants in DRM and SRM systems were improved by 2.57 folds and

4.07 folds, respectively, then being beneficial for activating the CH, reforming reaction.

Keywords: DFT simulation; external electric field; symmetry; methane reforming reaction; activation
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Fig. 1 Molecular models of CH, (a), CO, (b) and H,O (c)
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Fig. 2 Reaction systems for the dry reforming of methane (DRM, a) and methane steam reforming (SRM, b)
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Fig. 3 Visualization diagram of electronic local function for CH,, CO, and H,0 under the external electric field (isosurface of 0.25)
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Fig. 8 Interaction energy of reactants in DRM system and SRM
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Fig. 9 Spatial orientation of CH,~CO, and distance between C atom in CH, and O_1 atom in CO, in DRM system under different

external electric field when CO, was parallel to the external electric field
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Fig. 11 Spatial orientation of reactants in SRM system under different external electric field
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