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Fig. 1 Deposition behavior of single Li atom on graphene: (a) Deposition position; (b) AE,y; (¢) & and Ak; (d) dyi.c
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Fig. 2 Deposition behavior of two Li atoms on graphene: (a) Deposition position; (b) AE,,; (c) # and Ak; (d) dyi.c
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Fig. 5 Three-dimensional charge density difference(CDF) of Li atom or Li, aggregate on graphene (Data in figure are
Mulliken population of Li atom): (a) Li-G; (b) Lis-G; (c) Li;-G; (d) Lis-G
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Fig. 6 Electron localization function(ELF) of Li atom or Li, aggregate on graphene: (a) Li-G; (b) Lis-G; (¢) Li;-G; (d) Lis-G
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Deposition behavior of Li, (n<<10) aggregates on
graphene based on first-principles calculations

SHEN Ding"?, WANG Lai-gui’, TANG Shu-wei', GAO Si-da', SUN Wen', DONG Wei', YANG Shao-bin'

(1. College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000;

2. School of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: Deposition behavior of Li atoms or aggregates Li, (#<<10) on graphene negative electrodes for
lithium-ion batteries was investigated by the first principles calculations based on density functional theory,
including the lowest energy configuration, adsorption energy, charge density difference and density of states. The
results show that Li atom preferentially deposits above the center of the carbon six-membered ring of graphene in a
dispersed form when n<<2. As the number of Li atoms increases, Li atoms preferentially aggregate to reunite and
deposit on graphene when n=3. It is possible to form Li,, Li; and Li, stable agglomerates in the charging process
of the lithium ion battery, which indicates that the maximum lithium storage capacity of graphene may exceed that
of graphite. However, the lithium dendrites will form easily. The electronic structure analysis shows that the
electrons of Li atom or Li, aggregates transfer to the anti-bonded m orbital of graphene, and the 2s orbital of Li
atom and the 2p orbital of C atom are obviously hybridized. The Fermi level of the system moves to the graphene
anti-bond © orbital as the number of Li atoms 7n increases, which leads to the result that the metallicity and
electronic conductivity increase. The Li—Li bond at the bottom of the Li, agglomerate is usually an ionic bond and
the outermost Li—Li bond is usually a covalent bond. The Li—C bond between the Li, agglomerate and graphene
is an ionic bond with partial covalent bond property and the strength of the Li—C bond gradually decreases as the
number of Li atoms n increases.

Key words: lithium ion battery; graphene; Li, agglomerates; first-principles; deposition behavior
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