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Abstract: Deposition behavior of Li atoms or aggregates Li, (n<10) on graphene negative electrodes for lithium-ion batteries was
investigated by the first principles calculations based on density functional theory. The calculation result shows 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 Lig, 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 would be formed easily. The electronic structure analysis

HETMH: ERAREFEFESE(51874167, 21808095, 51774175); 15T EAE4:(2018M641707); 3T TAEBA K 24k 61
B BA B B0 H (LNTU20TD-09)

WoRa BB 2020—07—31; W HH: 2020—11—13

BEWRIEE: AR, #8Z, it Bi%: 0418-3352741; HLTUEME: 1gdysb@163.com



shows that the electrons of Li atom or Li, aggregates transfer to the anti-bonded n 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 7 increases, which led 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 # increases.
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Fig.l Deposition behavior of single Li atom on graphene (a) Deposition position, (b) AE, () # and Ak, (d) diic
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Fig.2 The deposition behavior of 2 Li atoms on graphene (a) Deposition position, (b) AEy, () # and Ak, (d) di.c
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Fig.3 The deposition configurations of 3 Li atoms on graphene  (a) Parallel triangular type, (b) Vertical triangular type, (c) Disperse
type closer to each other, (d) Disperse type farther away
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Fig.4 The relationship between the deposition behavior of Li, aggregate on graphene and the number of Li atoms



(2) AEy, (b) hand Ah, (¢) dyic and dy;1; () The steady-state configuration of Li,-G (=4, 7, 9)
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Fig. 5 Three-dimensional charge density difference of Li atom or Li, aggregate on graphene (The data in the figure are Mulliken
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Fig. 7 Density of states of Li atom or Li, aggregate on graphene

3 Zig

D) IR iAR Li JE 550 Liy(n<10)B1 R4k, WRHRETHA A REM, 24 n<2 W, Li JR5 Lo HU 2
Ao MRIVIREA SIS B O IE AL S 2 n>3 I, Li IR RE, PR R E A
SRIAR, FESERRP A T RETE AR E Y Lisy Lip M1 Lio A58 44 .

2) WS TR, Li BB Li, ISR o7 e A il SR ) S B o U, Li B 1R 25 BUOE
A C IR 2p UE I BRI R . BEE Li R 7800 B8, Li,-G W RMPORBES A 205 St o
PUERSD, KRN EEIENE TS B R

3) Li, BIRMWERZ R Li-Li S0 v 76, MR Li-Li S8 %O BERE S0 886 2 A1
Li-C SR A M e Jm M 2s 74, I H Li-C B Li JR T30 n (938 2 TZWR/N .

REFERENCES
[1] RACCICHINI R, VARZI A, PASSERINI S, et al. The role of graphene for electrochemical energy storage[J]. Nature Materials, 2015, 14(3): 271-279.
[2] DONG YANFENG, WU ZHONGSHUAIL REN WENCAL et al. Graphene: a promising 2D material for electrochemical energy storage[J]. Sci Bull, 2017,

62(10): 724-740.



(3]

(4]

(3]

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

WT, a9, 280, & ETEVEEM Sn-Li & iV g s E R R TS S TR, EA 8RR, 2017, 27(2): 282-288.
SHEN Ding, YANG Shao-bin, LI Si-nan, et al. Calculation and prediction of lithium insertion properties and elastic properties for Sn-Li alloy based on
first-principle[J]. The Chinese Journal of Nonferrous Metals, 2017, 27(2): 282-288.

YRR, Vrlbly, RN, S 2L SR S AR EEREDT S [T]. IREOR, 2020, 44(2): 153-155+222.
GUO Cui-jing, SHEN Jin-ran, LI Zhan-peng, et al. Synthesis and lithium storage performances of porous graphene[J]. Chinese Journal of Power Sources,
2020, 44(2): 153-155+222.

JEREG, R, TR, S A SRR IR IR [J/OL). WERAL S AR 1-6 [2021-08-05].

http://kns.cnki.net/kcms/detail/11.1892.06.20200317.1619.006.html.

SHI Yi-tang, GAO Tian-lu, YI Su, et al. Raman mapping of lithiation process on graphene[J/OL]. Acta Physico-Chimica Sinica, 2021.
BUA. Li 160 3800 R R B 553 # 1 28— M R BRI 7T [0]. MR, 2019, 33(S2): 43-47.
JIA Ying. First principle calculations on adsorption and diffusion behavior of Li on graphene surface[J]. Materials Reports, 2019, 33(S2): 43-47.
ZHONG KEHUA, YANG YANMIN, XU GUIGUI, et al. An ab initio and kinetic monte carlo simulation study of lithium ion diffusion on graphene[J].
Materials, 2017, 10(7): 1-17.
YILDIRIM H, KINACI A, ZHAO Z J, et al. First-principles analysis of defect-mediated Li adsorption on graphene[J]. ACS applied materials & interfaces,
2014, 6(23): 21141-21150.
LIU YUANYUE, ARTYUKHOV VASILII I, LIU MINGIIE, et al. Feasibility of lithium storage on graphene and its derivatives[J]. J Phys Chem Lett,
2013, 4(10): 1737-1742.
RANI B, JINDAL V K, DHARAMVIR K. Energetics of a Li atom adsorbed on B/N doped graphene with monovacancy[J]. Journal of Solid State
Chemistry, 2016: 67-75.
WONSANG KOH, HYE SOOK MOON, SEUNG GEOL LEE, et al. A first-principles study of lithium adsorption on a graphene-fullerene nanohybrid
system[J]. Chem Phys Chem, 2015, 16(4): 789-795.
DAVID ADEKOYA, ZHANG SHANQING, MARLIES HANKEL. 1D/2D C;N4/graphene composite as a preferred anode material for lithium ion batteries:
importance of heterostructure design via DFT computation[J]. ACS applied materials & interfaces, 2020, 12(23): 25875-25883.
ZH, B/ANE, S5, B R BEOR BAAM R AL SRS T il e S I BAURAEL 2015, 30(2): 128-132.
LI Yong, LU Xiao-hui, SU Fang-yuan, et al. A graphene/carbon black hybrid material: a novel binary conductive additive for lithium-ion batteries[J].
New Carbon Materials, 2015, 30(2): 128-132.
WEI XUFANG, GUAN YIBIAO, ZHENG XIAOHUI, et al. Improvement on high rate performance of LiFePOy cathodes using graphene as a conductive
agent[J]. Applied Surface Science, 2018, 440: 748-754.
VANDERBILT, D. Soft self-consistent pseudopotentials in a generalized eigenvalue formalism[J]. Physical Review B, 1990, 41, 7892-7895

SEGALL M D, LINDAN P J D, PROBERT M J, et al. First-principles simulation: ideas, illustrations and the CASTEP code[J]. Journal of Physics:



Condensed Matter, 2002, 14(11): 2717-2744.

[17] MONKHORST H J, PACK J D. Special points for Brillouin-zone integrations[J]. Physical Review B, 1976, 13(12): 5188-5192.

[18] CHANG C, YIN S, XU J. Exploring high-energy and mechanically robust anode materials based on doped graphene for lithium-ion batteries: a

first-principles study[J]. RSC Advances, 2020, 10(23):13662-13668.

[19] LEE E, PERSSON K A. Li absorption and intercalation in single layer graphene and few layer graphene by first principles[J]. Nano Letters, 2012, 12(9):

4624-4628.



