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Fig.1 Optimized structure and EDD diagram of CO, and H, adsorption on ZrN;-Gr
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Table 1 Adsorption energy, change in the enthalpy, Gibbs free energy and charge transfer of
CO, and H, on ZrN;-Gr and ZrN,-Gr surface
Surface Adsorbate E,./eV AH,5/eV AG,e/eV Ou/le Oco/e 0Oyle
H, -0.49 —-0.36 -0.38 0.30 - 1.86
ZrN;-Gr CO, -2.17 —2.08 -2.15 - 1.10 2.21
H,+CO, -2.24 —2.00 -2.12 0.01 1.07 2.21
H, -0.47 -0.27 —-0.31 0.17 - 2.20
ZiN,-Gr CO, —-1.66 -1.51 —-1.60 - 1.10 2.30
H,+CO, -1.67 -1.35 -1.47 0.02 0.99 2.26
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—0.57 eV (ZrN,-Gr) f1-7.22. —4.72. —4.31, —1.60.
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Fig.3 PDOS diagram of CO, and H, adsorption on ZrN,-Gr and ZrN,-Gr
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Fig.4 The pathway of CO, hydrogenation to formic acid on (a) ZrN;-Gr and (b) ZrN,-Gr
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Fig.5 The pathway of CO, hydrogenation to produce CO and H,O on (a) ZrN;-Gr and (b) ZrN,-Gr
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Density Functional Theory Calculation of CO, Hydrogenation over
Single Zr Atom Incorporated N Doped Graphene

WANG Wei-ze', LIU Lu'"", HU Yan-gang', WANG Guang-zhao’
(1. School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Key Laboratory of
Extraordinary Bond Engineering and Advanced Materials Technology of Chongqing, School of Electronic
Information Engineering, Yangtze Normal University, Chongqing 408100, China)

Abstract: Based on Density functional theory calculations, the adsorption of H, and CO, on nitrogen doped
Graphene supported monatomic Zr (ZrN,-Gr) and the catalytic hydrogenation of CO, were studied. The
adsorption energies of H, and CO, on ZrN;-Gr alone are —0.49 and —2.17 eV, respectively. In the co-adsorption
state of H, and CO,, the adsorption energy is —2.24 eV, which is higher than the adsorption energy on ZrN,-Gr
surface, indicating that the ZrN;-Gr surface is more conducive to the occurrence of CO, hydrogenation reaction.
On the surface of ZrN,-Gr, CO, maintains its individual adsorption characteristics after co-adsorption, weakening
the adsorption of H, molecules. The catalytic hydrogenation reaction of CO, on ZrN;-Gr surface begins with the
co-adsorption configuration of H, and CO,, forming formate (HCOO¥*) intermediates along the trans HCOOH
pathway. Then, the HCOO * group adsorbs H atoms to form trans formic acid. The reaction energy barriers of this
pathway on ZrN;-Gr and ZrN,-Gr surfaces are 1.85 and 2.48 eV, respectively. Another pathway is the reaction
between CO and H,O, with reaction energy barriers of 1.86 and 1.73 eV on the ZrN;-Gr and ZrN,-Gr surfaces,
respectively. This indicates that ZrN,-Gr is more conducive to the reaction of CO, hydrogenation to formic acid,
while the ZrN,-Gr surface is more conducive to the production of CO.

Key words: CO, catalytic hydrogenation; graphene; density functional theory; formic acid; CO
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