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Abstract

The first-principles method based on density functional theory was used to calculate the adsorp-
tion properties, electronic density of states, electrical properties and migration behavior of Li on
the surface of Germagraphene of AAAA, AABB and ABAB types. Among the three Germagraphene
structures, the stable adsorption positions of Li atoms are both the next H-site of Ge and the Ge-T
site above the concave side of Ge atoms. The total energy of AABB-Germagraphene is the lowest,
the lattice change of ABAB Germagraphene is the lowest, and the adsorption energy of AAAA Ger-
magraphene to Li atoms is the strongest. After Li atom adsorption, the density states of AABB and
ABAB Germagraphene improve greatly at the Fermi energy level, resulting in more carriers, better
electron conduction, and three-direction charge transfer: Li-graphene, graphene—Ge and Li—Ge.
Li diffuses on the surface of AABB Germagraphene mainly along the migration path from 1H to 2H
with an energy barrier of 0.211 eV. The results show that AABB Germagraphene is more suitable
for cathode material of lithium ion battery.
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Figure 1. (a) Specific positions and serial numbers of four Ge atoms doped in graphenes; (b) adsorption positions of Li atom
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Figure 2. Top view (a) and side view (b) ,(c) of AAAA-Germagraphene; top view (d) and side view (e), (f) of AABB Ger-
magraphene; top view (g) and side view (h), (i) of ABAB Germagraphene
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3.1. Li RFEEB I AEIERE RN ME R

NIRTT =R BLAE 5 4o SR Li BT IR B BB L, 1 e ST A . AR AT SR AR 45
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Table 1. The total energy of AAAA Germagraphene, AABB Germagraphene and ABAB Germagraphene (EGermagraphene)» t0-
tal energy of Li adsorption on its surface (EGermagraphene+Li)> adsorption energy (£,q), vertical distance between Li and graphene
plane (d), and charge transfer of Li atom adsorption at stable position Q
% 1. AAAA. AABB *u ABAB ﬁ!fﬁ%?&'ﬁ%ﬁﬁﬂ'\] lE'\ ﬁE% EGermagraphene\ Li Eﬁﬁﬁml‘ﬁﬁﬂ'ﬂ% ﬁE% EGermagraphene+Li‘
FMigE £ Li SAEGKTENEEES d# Li R FRMAEREMEMNNBEREER O

Structure style EGermagraphene (€V) site E. (eV) d(A) 0 (e)
Ge-T —0.923 0.066 0.86

AAAA —684.751 B —0.405 0.104 0.87

H —0.471 0.085 0.87

Ge-T —0.836 0.038 0.87

AABB —686.024 B —0.337 0.194 0.88

H —0.371 0.094 0.88

Ge-T —0.823 0.043 0.87

ABAB —685.844 B —0.335 0.130 0.87

H —0.358 0.103 0.88
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Figure 3. Density of states for (a) AAAA Germagraphene, (b) AAAA Germagraphene with Li adsorption, (¢) AABB Ger-
magraphene, (d) AABB Germagraphene with Li adsorption, (¢) ABAB Germagraphene, and (f) ABAB Germagraphene with

Li adsorption

[E 3. (a) AAAA BISEIB R AEIE. (b) AAAA BISIB A EIG(Li IRHD. (c) AABB Bl AENE. (d) AABB B4

BERAEEL W), (e) ABAB BB IAZIHF(H ABAB BB I AEH(Li WHHAY

przd

DOI: 10.12677/app.2021.111006

48

L 4 2


https://doi.org/10.12677/app.2021.111006
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N T DR RS Ao A SRR T A A MR, WS Li B 5 s 2 R F g A A, 20
T THB R AAAA B AABB MM ABAB U SRR HOZZ 70 AT 3 S o 15 4 =R R =427
HLfT 3 1R (CDD) . B (0 A 0 AR B 2 5 LT 3 AR I N o S €0 8 AR i 2 ) PR AT 5 L sl

g (b) § (d) f

(f)

Figure 4. Top and side view of the CDD induced by Li atom adsorption on the (a) H site and (b) Ge-T site of AAAA Ger-
magraphene; (c) H site and (d) Ge-T site of AABB Germagraphene; and (e) H site and (f) Ge-T site of ABAB Germagra-
phene respectively

[E 4. Li [FF7E AAAA BB A B R (2))RIE4D H AIFN(b)Ge-T iL; AABB BU45i8 5 A BIFERE (c) L4 H i
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AILAEH, Li R FESME RSB0 B IGRTN G, 53R XIEAELE— € 72 55 W 2 B 1 7
fio Li Ji7 R E2BES O, BT A SR B 2800, U Li J5 78 B B % ek, LiJ&ir
BT C JEF R A% EEs i, B Li Rk L, Li R FHhEm ¢ JEFEEmF, Li EF LiH
LR R T LRI A B L Ge JRF A B ZBLE A, Ge JATFHL £ 58065 Bl RIS, 3 Ge Ji
T JE R ) LT B BECE R N, Ge JEL I C J5 - JA [l B A % FEAE kD, B Ge JR TS 21T, Ge JEF I
T CIRTRERT, AEME B EE TN Ge by Li BB E2IESEG, Ge {1 HEE
DL ts, LiJiFREHT, Ge RTARIHET, LiJ T LR HER T Ge i+ F.

@i Bader #iiJ& /3 H, AIAT Li WREFE = FA B 4B 45 2 A0 S0 1 Ge-T A7 FLfr 6 A5 553 7l 0.86e-
0.87 ¢ F110.87 ¢, H ALHATEALESN BN 0.87 ev 0.88 ¢ F110.88 e, HH AW Az B i 1 4 7% B # 3L A — 5L,
W 1.
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Figure 5. Diffusion pathways and diffusion energy curves of Li atoms on the surface via the (a) 3Ge-T—4 Ge-T, (b)
1H-4Ge-T, (¢) 3 Ge-T—4H, (d) IH-1H and (e) lH-2H diffusion pathway, respectively

[E 5. Li [EF7 AABB BB AR B RE B (a) 3Ge-T>4Ge-T. (b) 1H-4Ge-T. (c) 3Ge-T—4H, (d) 1H—1H F(e)
1H-2H BT MEH ae L2004k

TR REY, Li JR 776 AABB BB 20 SI6 R 3Ge-T—4Ge-T BRERN, WA 5@), Xt
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4. &5ig
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