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Carbon dioxide (CO2) hydrogenation over transition metal catalysts is a method to produce 

synthetic fuels from renewable energy in a CO2 neutral cycle. The methanation reaction, which is 

the primarily fully hydrogenated carbon reaction, proceeds in multiple reaction paths on a solid 

catalyst. It is crucial to understand the active sites and the related reaction mechanisms of CO2 

hydrogenation in order to improve the efficiency and selectivity of the reaction. Recently, we 

have unraveled the relationship between activity and metal/metal oxide composition, and the 

pathway of CO2 methanation reaction on transition metal based catalysts. The results showed 

the metal oxide play important roles in CO2 adsorption and activation. The pathway after CO2 

activation is to form adsorbed CO* species on the metal site. This CO* is the main intermediate 

of CH4 formation. However, the observation of the intermediates between CO* and CH4 has been 

missing over decades. Here, we present the newest discovery of intermediates on the pathway 

of CO* to CH4 through a steady-state study in operando using diffuse reflectance infrared Fourier 

transform spectroscopy-mass spectroscopy. 
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