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Abstract: The burning of fossil fuels has caused increasingly serious environmental pollution. As a new energy
conversion device, fuel cell involves oxygen electrocatalytic reaction, but these reaction processes are complicated and
high overpotential, so it is necessary to find suitable catalyst to promote the smooth reaction. The reactants O, and N, of
oxygen reduction reaction (ORR) and nitrogen reduction reaction (NRR) all come from air, while the products H,O and
NH; are important chemical resources. In this paper, the selective adsorption of O,/N, by 13 kinds of non-expensive
transition metals (TM) anchored by graphene under different N concentration doping conditions was studied by
calculation. It was concluded that the higher the content of N in single-vacancy and double-vacancy structures, the better
the stability of the substrate, and the stability of the double-vacancy structure is better than that of the single vacancy.
The ZrN, catalytic substrate with the best stability was mainly studied. Through the Mulliken charge distribution and
partial wave density of state (PDQOS), it was found that its charge distribution was symmetrical and the electron transfer
was obvious. Further analysis of the deformed state density of the substrate adsorbing O, and H,O shows that the
catalytic substrate has excellent adsorption and desorption capacity. Except CuNoC4, ZNNoC4, CdN4Co, CdN,C,-0 and

“EfEES BRI, 1376530603@qg.com
Wsks B 1 2022-11-11; 252 H 1 2022-12-29; {r2k Hi kR H #: 2023-01-05 http:/Awww.materialsrd.com


http://dx.doi.org/10.57237/j.mater.2022.02.004

MEHFR 5K E 2022; 1(2): 82-93 83

ZnN,C; substrates, the other structures have moderate adsorption capacity of reactant O, and desorption capacity of
product H,O, which are potential sources of ORR catalysts in acidic environment.
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Figure 1 Catalytic substrate model of TM-N-C coordination
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graphene with different N concentrations
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Table 1 AE+q, and AE«y;, of single-vacancy substrates formed by coordination mono-TM doped with graphene at different N-concentrations

Fe. Co. Ni. Cu. Zn WS IRt fE

EE AE«o; | AE«y | BE AE«o; | AE«. | BE AE«o; | AE«, | EE AE«o; | AE«\:
FeNoCs -2.13 -0.96 FeN,C, -2.75 -1.29 FeN,C, -2.99 -1.42 FeN3zCq -3.43 -1.60
CoNyCs -1.98 -0.78 CoN;C, -2.32 -0.89 CoN,C, -2.77 -1.19 CoN3Cy -2.75 -1.42
NiNoC; -1.89 -0.67 NiN,C, -1.75 -0.77 NiN,C, -2.29 -1.04 NiN5C, -2.57 -1.33
CuNyCs -1.67 -0.54 CuN;C, -1.53 -0.73 CuN,C, -1.64 -0.97 CuN3Cy -1.59 -0.94
ZnNyC,q -1.18 -0.73 ZnN,C, -1.16 -0.57 ZnN,C, -1.03 -0.55 ZnN;C, -1.87 -0.58
TiNCs -2.20 -0.39 TiN,C, -3.33 -0.56 TiN,C, -4.42 -0.78 TiN3Cy -4.69 -0.86
VNqCs -3.37 -0.80 VN,C, -3.58 -0.80 VN,C, -3.88 -0.94 VN3zCo -4.24 -1.20
CrNoCs -2.55 -0.65 CrN,C, -2.88 -0.80 CrN,C, -4.20 -1.37 CrN;Cy -4.03 -0.83
MnNgC; -2.40 -0.80 MnN,C, -3.46 -1.38 MnN,C, -3.15 -1.16 MnN,C, -3.85 -1.49
ZrNoCs -2.09 -0.28 ZrN,C, -3.26 -0.42 ZrN,C, -4.43 -0.67 ZrNzCy -4.83 -0.90
NbN,C; -3.30 -0.51 NbN;C, -4.22 -0.85 NbN,C, -6.89 -1.01 NbN;C, -8.13 -1.12
MoN,C; -3.35 -0.60 MoN;C, -3.49 -1.11 MoN,C, -3.61 -1.16 MoN;C, -3.97 -1.47
CdN,C3 -1.40 -0.51 CdN;C, -0.84 -0.09 CdN,C, -1.12 -0.39 CdN3Cy -1.36 -0.21

Table 2 AE+q;

# 2 A N MR TM B 25 S0 T B U AL R ) AE <o, F1 AExy,
and AE«y;, of double-vacancy substrates formed by coordination mono-TM doped with graphene at different N-concentrations

HE AE«q; | AE+y | BEJE AE«q; | AE+y | BEJE AE.q; | AE+y | BEJE AE«0; | AEs«:
FeNoC, -2.39 -1.02 FeN,C;, -1.64 -0.66 FeN,C,-h -1.62 -0.61 FeN,C,-0 -1.68 -0.68
CoNyC, -1.87 -1.08 | CoN,C; -1.51 -0.81 CoN,C,-h -1.08 -0.83 CoN,C,-0 -1.33 -0.82
NiNoC, -0.60 -0.36 NiN,C; -0.43 -0.28 NiN,C,-h -0.42 -0.19 NiN,C,-0 -0.46 -0.26
CuNyC, -0.18 -0.19 | CuN,C;4 -0.19 -0.17 CuN,C,-h -0.30 -0.17 CuN,C,-0 -0.29 -0.17
ZnNyC, -0.23 -0.19 | ZnN,C; -0.54 -0.22 | ZnN,Cy-h -1.53 -0.48 | ZnN,Cy-0 -0.66 -0.58
TiNoC,4 -1.84 -043 | TiN,C,4 -2.38 -0.51 | TiN,C,-h -5.03 -241 | TiN,C,-0 -3.32 -0.52
VNoCy -2.99 -0.71 | VN,C,4 -3.39 -0.69 | VN,Cy-h -5.10 -218 | VN,C,-0 -3.40 -0.74
CrNoC, -2.49 -0.60 | CrN,C; -2.55 -0.76 CrN,Cy-h -3.26 -1.22 CrN,C,-0 -2.29 -0.73
MnNoC, | -2.31 -0.65 MnN,C; | -1.97 -0.55 MnN,C,-h -2.13 -0.58 MnN,C,-0 | -2.17 -0.47
ZrNC, -1.56 -0.32 | ZIN,C,4 -2.05 -0.37 | ZrN,C,-h -6.70 -4.21 | ZrN,C,-0 -2.43 -0.41
NbN,C, -2.48 -0.54 NbN,C; -3.04 0.7 NbN,C,-h -6.81 -3.83 NbN,C,-0 -3.65 -0.69
MoN,C, | -2.77 -0.74 MoN,C; | -3.16 -0.87 MoN,C,-h -5.41 -3.07 MoN,C,-0 | -3.30 -0.91
CdNyC, -0.20 -0.17 | CdN,C; -0.67 -0.15 CdN,C,-h -1.42 -0.83 CdN,C,-0 -0.25 -0.15
HE AE.q; AE.y; EHE AE.o; AE\2 R AE+o, AEs
FeN,C,-p -1.54 -0.60 FeN5C, -1.30 -0.71 FeN,C, -1.12 -0.76
CoN,C,-p -1.24 -0.96 CoN4C;4 -1.05 -0.73 CoN,C, -1.03 -0.22
NiN,C,-p -0.39 -0.18 NiN5C, -0.33 -0.18 NiN,C, -0.30 -0.18
CuN,C,-p -0.30 -0.18 CuN;C, -0.34 -0.23 CuN,C, -0.50 -0.36
ZnN,C,-p -1.14 -0.39 ZnN5C, -1.03 -0.32 ZnN,C, -0.65 -0.18
TiN,C,-p -3.18 -0.53 TiN,C, -4.00 -0.85 TiN,C, -4.91 -1.04
VN,C,-p -3.71 -0.78 VN,C, -4.05 -1.01 VN,Cq -3.95 -1.12
CrN,C,-p -2.98 -0.94 CrN;C, -2.65 -0.81 CrN,C, -2.39 -0.50
MnN,C,-p -1.94 -0.39 MnN;C, -2.08 -0.44 MnN,C, -1.66 -0.25
ZrN,Co-p -2.64 -0.42 ZrN5Cy -3.63 -0.55 ZrN,C, -4.44 -0.61
NbN,C,-p -3.93 -0.71 NbN,C, -4.31 -1.00 NbN,C, -4.86 -1.31
MoN,C,-p -3.61 -0.94 MoN,C; -4.05 -1.43 MoN,C, -4.58 -1.68
CdN,C,-p -0.86 -0.33 CdN;C, -0.93 -0.25 CdN,C, -0.92 -0.21

http://www.materialsrd.com



90 SR 5.

Adsorption energy (eV)

V7))

-3.5 =
il TmN,C;y ebe=TmN,C,  =p=TmN,C,

rrrrrrrrrrrrrrrurnril
Fe CoNi CuZn Fe CoNiCuZn Fe CoNiCuZn F'e CoNi CuZn

Substrate type
KI5 BAAI, B2 TMAEALE NIREE TS O, M RERI A/

Figure 5 O, adsorption energies of doped TM under different N
concentrations in the case of single vacancy
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Figure 6 The optimized configurations of (a) O, and (b) H,O
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respectively
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