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The reaction mechanisms of the hydrogenation of carbon dioxide (CO;) to formic acid
over Cu-alkoxide functionalized metal organic framework (MOF) have been investigated by
means of calculations with the M06-L [1] density functional. This method has already been
found to be suitable to describe adsorption and reaction in porous materials such as zeolites
and MOF systems [2-3]. Two different pathways, stepwise and concerted, are considered in
this study.

In the stepwise mechanism, the reaction is assumed to proceed in two steps, in the first
step CO, is hydrogenated to a formate intermediate. In step 2, the formate is further
hydrogenated into formic acid:

CO;+ Hy + Cu-MOF — HCOO™ + H-Cu-MOF

HCOO™ + H-Cu-MOF — HCO,H + Cu-MOF
The activation energies for the two steps are 24.1 and 20.9 kcal/mol, respectively.
In the concerted mechanism, the hydrogenation of CO, to formic acid occurs in a single step:

CO,+ Hy + Cu-MOF — HCO,H + Cu-MOF

Due to the large activation barrier of 67.8 kcal/mol associated with this pathway therefore the
stepwise mechanism seems to be favored. The catalytic effect of Cu-MOF-5 is highlighted by
comparing with the bare system in which the reaction takes place in one step with a barrier of
73.8 kcal/mol.
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