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Introduction 
Heterogeneous oxidation of methane over various metal catalysts is of interest due to the 
application of green energy production, e.g. CH2O and CH3OH. Although significant 
progress has been made these years, the conversion and selectivity are still limited 
primarily by rapid oxidation of CH2O.  
In this study, fundamental reaction pathway has been investigated using Density 
Functional Theory and experiments have been conducted to gain a deep understanding of 
this reaction.  

Objective 
1. To investigate the main parameters affecting methane oxidation 
2. To study the adsorption complexes of the intermediates  
3. To study the surface thermodynamics of methane oxidation to formaldehyde 
4. To verify the calculation result using experiments 

 

Computational details and models 
Code:  VASP  (PAW), GGA: PBE, Coverage: 1/8 
Energy cut-off: 400 eV, Slab:1 layers, Vacuum spacing: 6 layers 
k-points: 3x3x1 for surfaces, Substrates: MoO3/SiO2 

(A) Top View of MoO3/SiO2   (B) Side View of MoO3/SiO2 
Si (gray ball), O (red ball), Mo (green ball) and H (yellow ball) 

Calculated reaction paths and experimental results 

Conclusion 
From the calculation result, it shows  
(1) The oxidation of CH4 into CH2O (step 1,2) is exothermic while further oxidation of CH2O is endothermic (step 8).  High Selectivity in CH2O 
(2) Desorption of oxidized component from catalyst surface is endothermic, thus oxidation of CH4 will be suppressed.  Low Conversion 
From the experimental result, it proves the calculation results by showing CH4 conversion < 30% and CH2O selectivity as high as 97% 
The calculation results were satisfactory and further modification of MoO3/SiO2, e.g. incorporation with active metal, could be conducted in next step for better performance. 
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