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Fig. 1. Geometric structure and electronic properties of oxide graphene (GO) and B doped oxide graphene (BGO): (a), (b) Geomet-
ric structures, grey, red and pink balls represent the C, O and B atoms, respectively; (c), (d) electronic properties, C1, C2 and

C3 are consistent with those in the geometric structures, the insert is total density of states (TDOS).
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Fig. 2. Charge density difference and electron localization function (ELF) of GO and BGO: (a), (b) Charge density difference, yel-
low and blue indicate the gain and the loss of electrons, and the isosurface value is 0.004 e/A3; (c), (d) electron localization function,

red to blue indicates more to less electrons.
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Fig. 3. Top view and side view of (LiyO,), cluster adsorbed on the GO (a) and BGO catalysts (b) along with the charge transfer, ar-

rows indicate the direction of charge transfer. The cyan and green represent the O and Li atoms in the (LiyO,)y cluster, respectively.
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Fig. 4. Electronic structures of (Li;Oy),y cluster adsorbed on the GO (a) and BGO catalysts (b), the insert is TDOS. O1 and O2 rep-

resent O on (LiyO,), cluster and catalysts, respectively.
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Fig. 5. Top view and side view of (LiyO,), cluster dissociation on GO (a) and BGO (b) following the Li-Li-O, pathway, and the cor-

responding Gibbs free energy profiles (c), (d).
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Fig. 6. Top view and side view of (LiyO,), cluster dissociation on GO (a) and BGO (b) following the Li-O,-Li pathway, and the cor-

responding Gibbs free energy profiles (c), (d).
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Abstract

Lithium-oxygen batteries stand out among post-lithium-ion batteries due to their theoretically high energy

density, while the sluggish reaction kinetics of lithium peroxide reduces the rate performance of the batteries.

Therefore, improving the reaction kinetics of the lithium peroxide and then lowering the charge overpotential

are of great importance for realizing reversible lithium-oxygen batteries with high energy density. In this work,

the catalytic mechanism of graphene oxide (GO) and boron-doped graphene oxide (BGO) on the oxygen

evolution reaction of (Li,O,), cluster is investigated by first-principles calculations. The results show that the
charge transfer from (Liy0,), cluster to GO and from (LiyO,); cluster to BGO are 0.59 e and 0.96 e,
respectively, suggests that B doping improves the charge transfer from the discharged product to the cathode

material. The Gibbs free energy of the 4-electron decomposition process shows that the (LiyO,), cluster favors

the Li-Oy-Li decomposition pathway, and the rate-determining step for the reaction on both GO and BGO is

the third step, that is, the removal of the third lithium. At the equilibrium potential, the charge overpotential
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of GO and BGO are 0.76 V and 0.23 V, respectively, showing that B doping greatly reduces the charging
overpotential of lithium-oxygen batteries. Moreover, mechanistic analysis shows that B doping enhances the
electronic conductance of GO and forms an electron-deficient active center, which facilitates charge transport in
cathode and charge transfer from lithium peroxide to cathode materials, thereby reducing the charging
overpotential of the lithium-oxygen batteries and improving its cycling performance. The B and O play a
synergistic role in catalyzing the oxygen evolution reaction of (LiyO,), clusters.

20
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Keywords: lithium-oxygen batteries, oxygen evolution reaction, B-doped graphene oxide, first-principles

PACS: 88.80.ff, 61.72.U-, 71.20.-b, 31.15.es DOI: 10.7498/aps.73.20240197

098804-8


http://doi.org/10.7498/aps.73.20240197
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

F— R E AR B R BRSSP LE

FE% KREP AT BRfAAKE

First—principles study of catalytic mechanism of boron—doped graphene oxide on oxygen evolution reaction of
lithium peroxide

Lei Xue-Ling  ZhuJu-Yong Ke Qiang  Ouyang Chu-Ying

5] Fi{i5 &, Citation: Acta Physica Sinica, 73, 098804 (2024) DOI: 10.7498/aps.73.20240197
TELR T2 View online: https://doi.org/10.7498/aps.73.20240197
A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

S — PRI RIB A S -2 v o B LA i 48 03 B HLERAT 5
First—principles study of reduction mechanism of oxygen molecule using nitrogen doped graphene as cathode material for lithium air

batteries

PIFRZEAR. 2019, 68(12): 128801  https:/doi.org/10.7498/aps.68.20190181

SE AT SRR R ZE R RRE T SRR A AL A 28— R I BT SE
First—principles study on structural stability of graphene oxide and catalytic activity of nitric acid

WIFEAEAR. 2019, 68(24): 247302 https://doi.org/10.7498/aps.68.20191304

SRR SR S I A — BB R S S

First—principles calculation of diamond/Al interface properties and study of interface reaction

WIBEAEA. 2021, 70(17): 178101 hitps://doi.org/10.7498/aps.70.20210341

— S ALBRIAARAE AR AR O 2 — PR I BRI 5

First—principles prediction of carbon monoxide nanotube bundles in low pressure phase

PIFEAEA. 2019, 68(21): 217101 https://doi.org/10.7498/aps.68.20190539

AL BT 73 T Hedf SAT R L REAY 2 — P I RIS
First—principles study of hydrogen storage properties of silicene under different Li adsorption components

YIBR2F4f. 2018, 67(10): 107103 htips://doi.org/10.7498/aps.67.20172720

BB R B A A S — M BRI
First—principles study of Fe:Mg:LiTaO, crystals

YIER2E4H. 2019, 68(20): 204205  https://doi.org/10.7498/aps.68.20190575


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240197
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20190181
https://doi.org/10.7498/aps.68.20191304
https://doi.org/10.7498/aps.70.20210341
https://doi.org/10.7498/aps.68.20190539
https://doi.org/10.7498/aps.67.20172720
https://doi.org/10.7498/aps.68.20190575

	1 引　言
	2 计算方法
	3 结果与讨论
	3.1 硼掺杂氧化石墨烯的几何结构和电子性质
	3.2 过氧化锂小团簇(Li2O2)2的吸附性质
	3.3 过氧化锂小团簇(Li2O2)2的解离过程

	4 结　论
	参考文献

