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First-principles Study on the Catalysis of OER/ORR by
N-doped Graphene with Defects
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(School of Chemistry and Chemical Engineering , Linyi University, Linyi 276000, China)

Abstract  Non-metallic doped graphene-based catalysts have good application prospects in catalyzing oxygen
evolution reaction (OER) and oxygen reduction reaction (ORR). Based on the common double vacancy defects
of graphene, non-metallic N-doped catalytic material was constructed and all possible active sites were studied.
Through DFT calculation, we find that none of the 13 carbon active sites can effectively adsorb H,0, while O, can
be effectively adsorbed. The calculation results show that the optimal catalytic site for ORR is C12, with the
overpotential of 0.71 V for catalyzing ORR, followed by the C10 site adjacent to pyridine N and C3 site, with the
overpotentials of 0.75 V and 0.78 V, respectively. This study demonstrates that non-metallic N-doped defective
graphene materials can be applied to catalyze ORR, providing theoretical support and guidance for non-metallic
catalysis in the OER/ORR reactions.
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Fig. 1 Labels of different active sites on gN(A) and electron localization function(ELF) analysis(B)

L T R 18055 B BRI A (Electron localization function, ELF) BERE & 7F 45 & S H A M F B ien =%
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B REAHSE (1), [AAEHDL, C3 5 C4RICI1 5 C12 22 [a) i 5 Bl X s R B 45, C3—C4 Fl1C11—C12
FIFERK M REAA]A . €35 C12 Z Al AY ELF 54 0. 67 i A7, FE AW 5 22 8] o, 1Y 2 Bk B 25— | iy
FATLURAEHEH 5 1 Co 5 C5F1 C7 Z 1A i ELF HE/IN 2924 0. 25) , KB C6 5 C5H1C6 5 CT i i =Z 1]
(LT L B, RS Tk

Table 1 Distance between different active sites on gN catalyst

Bond Bond length/nm Bond Bond length/nm Bond Bond length/nm Bond Bond length/nm
Ccl1—C2 0.140 C5—C6 0.137 CO—N 0.135 C12—C13 0.143
C2—C3 0.140 C6—C7 0.138 N—C10 0.134 C13—C1 0.140
C3—C4 0.147 C7—C8 0.141 C10—C11 0.148 C3—C12 0.180
C4—C5 0.146 C8—C9 0.142 Cl11—C12 0.148 C6—N 0.236

2.2 O, F1H,0 KR pt

OER N i3 24 7 H,0—'OH—'0—"00H—0, 1 F2 . FLJT WM H,0, B T~ —2 RN . BF
B AT AT HLO B BRI T C—O B B 4 36 STURAS SCH-E B . T, BIr O J 11 B s 7
JURREEES KT 0. 300 nm, /M54 0. 331 nm, 13X 2 BISLEME LA B H,0 20 F, SOAS SO TR AS 3]
WAL OER K. ORR KW AE R OER (385 [ i, 5 28 O, W B BB A RE R LB RS20 . O, BT
PISR IO ol 425X Pauling #5201 Bridge #57. H TR0 S ABAEZE WD O, B &5/ (anc1 5
C13 A] LUIIL[FIE B O,, [FIE C1 5 C2 i mT AR O,) , BRIIEXT He T B APAS ] O, W 45 F4 (0 BE e, B
B A T AT . R S2OUASZRHFE B ) 45 Hh T e B J C—O 884 . AT LA, CO 7 A
ASBERIAHEBERAT 5 R B O, O, HAELA Pauling B R, 1X T fE-5 Co 5 HEL 28 AR AT ¢ ; HiAy
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0. 136 nm 4, JLAYT B 1% O—O0 BEE K HEBAE 0. 150 nm FFHT . A W B ZE LIS | 149 0,19 0—O SR A K-
UL O, 61 T T A REL, AT LAEL IS 22

Fig.2 Charge density difference and Bader charge for O, adsorption on gN at C3(A),
C10(B) and C12(C) sites

The yellow region represents charge accumulation, and the cyan region represents charge depletion. Isosurfaces value

is 0.015 e/Bohr’. Red balls represent oxygen atoms, silver balls represent carbon atoms and blue balls represents

nitrogen atoms.
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Fig. 3 Gibbs free energy evolution of ORR on gN of C3(A), C10(B) and C12(C)
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Fig. 6 C—O bond length of *OH intermediate for

all active atoms

Fig. 5 Volcano plots for 1, and AG.,, on
different sites of gN
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Fig. 7 Charge density difference and Bader charge corresponding 2D profile for “"OH
intermediate at C3(A), C10(B) and C12(C) sites

Isosurface value is 0. 015 e/Bohr’. Red balls represent oxygen atoms, silver balls represent

carbon atoms and blue balls represents nitrogen atoms.
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Fig. 8 COHP analysis of “OH intermediates adsorbed on C3(A), C10(B) and C12(C) sites
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