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Fig. 2. (a) Top view of S-H sites in adsorbed H-VS,; (b) side
view of S-H sites in adsorbed H-VS,; (c) top view of the S-B
site in the adsorbed H-VS,; (d) side view of the S-B site in
the adsorbed H-VS,; (e) top view of V-T site in adsorbed
H-VSy; (f) side view of V-T site in adsorbed H-VS,.

3.2 WRMigEHE
MBS RS bR e 0 B I B A, X B

113101-3


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

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 11 (2024)

113101

(V) B (S) MRt B se A, TR TS Rt
SLRE, TEAIRSCH, ARSI, RIS Li
J T B ARGER T REA AT Eag = Evs,41i—
Evs, — Eii, THEAS N LA B AW FFHRE M2 Li W it
B AR 1 ).

# 1 VS, WEREHE Bys,  Li 78 HAR RS &
BT Evs,4Li  WMGE Eq. Li 5 VS, MU S BT
K d

Table 1. The total energy Evs, of VS,, the total
energy FEvys,1i after Li is adsorbed on its surface,
the adsorption energy FE, , and the average bond
length d of the bond between Li and VS,.

WW@E EVSg /(‘V E\/s2+u /eV Ead/cv d/A
S-H -23500.985  -23698.790  -2.303  2.38
S-B 23500.985  23698.681 2194 231
V-T -23500.985  -23698.892  -2.405  2.37
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Fig. 3. After molecular dynamics simulation: (a) H-VS, top view; (b) adsorbed V-T top view; (c), (d) energy and temperature fluc-
tuations during FPMD of H-VS, model within a total time of 5 ps at 300 K, step size 1 fs; (e), (f) energy and temperature fluctu-
ations during FPMD of adsorbed V-T model within a total time of 5 ps at 300 K and step size 1 fs.
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Fig. 4. (a) VS, energy band diagram; (b) VS, energy band diagram after adsorption of Li atoms; (c¢) VS, total state density dia-

gram; (d) VSy-p and VS,-d electronic state density diagram; (e) VS, partial density of state diagram; (f) partial density of state dia-

gram after adsorption of Li atoms.
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(a) IRERLIEEL; (b) MIBLIEL; (c) Li £E VS, R A HIH 2 (d) ¥

Fig. 5. Li diffusion path of V-T;—S-H,—V-Ty,—S-H, on the VS, surface: (a) Top view; (b) side view; (c¢) Li diffusion barrier on the

VS, surface; (d) comparative chart of diffusion barriers.
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F 2 VS, WM V-T Rl S-H T VS, KA1 S84 B s BRI s
Table 2.  Elastic constants and Young’s modulus of VS,, VS, and graphene after adsorption of V-T and S-H.

System Cu Cay Cs Y/ (N-m™1) v
VS, 53.49 53.49 16.48 96.82 0.31
VS, V-T 55.05 55.05 16.13 100.64 0.29
VS, fS-H 55.03 55.03 16.12 100.62 0.29
A1 BRI 176.08 176.08 38.06 335.70 0.22
360 f () 335.7 0-4F ()

300

240

180

Y/(N-m~1)

120 ¢

100.62 100.64

60

VS, S-H/VS, V-T/VS; Graphene

0
Graphene V-T/VS, S-H/VS, VS,

6 daxax1l BHIRIVEXT L  (a) 1 [ X LEIE; (b) IR LEXS LA

Fig. 6. Rigidity comparison of 4x4x1 supercell: (a) Young’s modulus comparison; (b) Poisson’s ratio comparison.

v ==C12/Ch1. (4)
VS, W BRI IS KA s 0 1) S5 HIORITAZ A
AR 2 5. A AR A A B HIR U A2
REI VB, SR R A A B A M 5 R
R bR, AR, RVBDRHNIEE B, 75— & N )
YERT, KA SRPEARIE BN . 3H5E 3x3x1 1Y VS,
A, 75 3 HoAy [l 96.82 N/m, F& B HLWI4%
B, 5 HABAT IS R IR — L R A L
HIJG B (A, & IR G W T IS A% TS A
FETE, H SR BT AR A/, X 3RB VS, 1E
VE g AR JC I AN 25 1l T L A e B e
IR V'S, W BT 5 0 S 4 A7 DRASE B AT A HE XS
LAl 6 B,

3.6 HEETRHMFTESERTURIHAR

Ba, AT THT VS, A Ahk 048 e
- F L ) B 25 L S )2 TR B S R R AR
R, M —A 3x3x1 B2 VS, #1551
FaE WUZ VS, JZEHE N 3.67 A. 7EXWZE VS, JZ1H]
W RRHER S, A2 0] e e BRI BT S B =
18 B, VS, B2 A A5 Ry 6.24 A, VS, IR B ik
RH 30.6%. PR i R 22 VS, iR
MR, A2 R SE B ) F b 25 2, 7EXUZ H H
THEH )2 VS, MEE R B i, IERRH A F =

26800 mAh /mol, A4
nkF

©= Mmvs,) (5)

THAEEHIE A E N 466 mAh/g. M T A 80
(B 258 (372 mAh/g)?, VS, iy HiE 45 i
=, VAT VS, AF R i i R B B
K.

4 %

ASCiE i DFT iR R M VS, 32 1E R
BT A R T REYE. REHIAFIE T VS,
R PERAS Li R FES A RE . 5 2 DL A AR
. il EE ISR e R RS S R, AT R B VS,
HIZESRER, BAIRNSHE, JFHELS
HLPERE SN 3d S ABLAY 3p 25 LA, R,
Li7E VS, R MY HF 2 HA 0.20 eV, [ MoS,
FUf 205 HA B/ NR) Li (9 s 22, 2RI Li fgt
BIERS, A AT LIB P se i -t #E. VS,
5 Ry HL B A L 1) i A7 25 Tt B 8 35 3] 466 mAh /g,
IFHEEEE VS, MREA BA BRI R 29,
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Abstract

With the increase of performance requirements for lithium-ion batteries (LIBs), it is particularly important
to study and develop new electrodes for lithium-ion batteries. In this work, a 3x3x1 supercell of VS, is
constructed, and the possibility of using it as an anode material for lithium-ion batteries is study by the first-
principles method based on density functional theory. Through the analysis of the energy band diagram, it is
found that VS, has metallic properties. Combining the density of states diagram, the analysis shows that the
energy band near the Fermi level of VS, is contributed by the 3d state of V and the 3p state electrons of S,
which means that the conductive properties of VS, are largely affected by the 3d state of V and the 3p state
electrons of S. Of the vacancies, bridge sites, and top sites of lithium adsorbing vanadium (V), the top site has
the lowest adsorption energy, indicating that lithium will preferentially adsorb the top site of vanadium (V).
Through first-principles molecular dynamics simulations of the top position of adsorbed vanadium (V), it is
found that at a temperature of 300 K, the total energy of the system and the magnitude of the total
temperature fluctuation can reach a steady state, indicating that lithium can exist at the top position of stably
adsorbed vanadium (V). Moreover, the interlayer spacing of the double-layer VS, reaches 3.67 A, which is larger
than the interlayer spacing of graphene. From the top position to the vacancy, its diffusion barrier is only 0.20 eV.
Its interlayer spacing is larger than the double-layer graphene’s, and its diffusion barrier is lower than graphene’s,
indicating that lithium has very good diffusivity on the VS, surface, and lithium can migrate quickly on the VS,
surface, which is conducive to the rapid charge-discharge process of LIB. In addition to excellent electrical
conductivity, VS, has good mechanical properties. The calculated Young's modulus is 96.82 N/m, and the
Young's modulus and Poisson’s ratio do not decrease after adsorbing lithium, indicating that the rigidity of VS,
will not be reduced in the diffusion and migration process of lithium. On the other hand, it has excellent
deformation resistance. In order to be more accurate and closer to the actual situation, a double-layer VS,
model is constructed, with a maximum number of lithium atoms adsorbed between layers being 18. The
calculated theoretical capacity of VS, (466 mAh/g) is higher than the theoretical capacity of graphene
(372 mAh/g). Our results indicate that VS, has excellent electrical conductivity and mechanical stiffness,

making it a promising cathode material for lithium-ion batteries.
Keywords: lithium-ion battery, energy of adsorption, first-principle

PACS: 31.15.A—, 68.65.-k, 73.20.Hb DOI: 10.7498 /aps.73.20231681
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