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Fig. 1. (a) Top view of the optimized Cu/NO,G; (b) side view of the optimized Cu/NO,G; (c) phonon dispersion curves of

Cu/NO,G monolayer; (d) results of AIMD simulations at 300 K, where insets are snapshots of atomic structures at 5 ps and 10 ps.
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Fig. 2. (a) Top view of adsorption sites considered on side A and side B of Cu/NOyG; (b)—(d) the top and side views of the most
stable adsorption configurations of Li/Na/K on the A side; (e)-(g) the top and side views of the most stable adsorption configura-

tions of Li/Na/K on the B side.

*1

Cu/NO,G Wfff Li/Na/K J5H) Bader HL M

Table 1.  Bader charge analysis of Cu/NO,G Li/Na/K adsorbed states.
Average charge states
Li Na K C N (6] Cu
LiCuNO2C14 ~0.845 — — -0.162 1.232 1.115 -0.355
NaCuNO2Cq4 — -0.835 — -0.154 1.206 1.097 -0.403
KCuNO2Cq4 — — —0.842 -0.142 1.224 1.053 -0.503
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K 3 (a) Li, (b) Na, (c) K WK 7E Cu/NO,G 1 B 1 |- 1% HL 7 25 B2 22 1 MU R 1&1, 5 6 R0 3 643 IR L FAER XA R X, AR

IS5 {H 1A (isosurface level) I 4L{E & 0.0015 Bohr 3

Fig. 3. Side views of the charge density difference of (a) Li, (b) Na and (c) K atom adsorbed on B side of Cu/NO,G. The blue and

the yellow colors represent regions with electron depletion and accumulation, respectively. The corresponding value of isosurface

level is 0.0015 Bohr 3.
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Fig. 4. (a) DOS of Cu/NO,G; (b) LDOS plots for C and Cu in Cu/NO,G; (c) LDOS plots for N and O in Cu/NO,G; (d) DOS of
Cu/NO,G after Li adsorption; (e€) DOS of Cu/NO,G after Na adsorption; (f) DOS of Cu/NO,G after K adsorption.
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HHL (26789 mAh/mol), M A Cu/NO,G fIEE/R R
1 ( MeyNoyG =277.7 mol/g). HHAFE] Cu/NO,G
Ak Li AERIE FL 255 R 1639.9 mAh /g, XF 0 1 i
AL 0.61%. IS A RS TILAE (pyri-
dinic) Z5H B A RIS BE LA, FEAR (Y
372 mAh/g)PU il Li AT 4 5 2. 1 Cu/NO,G

fiti Na 1S LU 25 0 B2 =8 2025.8 mAh/g, i
AR H A ~0.19%. Cu/NO,G i K HIS 1
25 1157.6 mAh/g, mnt& 2L A2 0.92%. AT UL
Cu/NO,G 1ENER /B /41 Bt i SR RN
PA T IS e A &, S B G Re.

Li
z 061 Na
) K
<
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o 04r
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2 o2}
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O 0 e .
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Number of Li/Na/K atoms
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Fig. 5. V., of the Cu/NO,G with different concentrations
of Li/Na/K embedded.

WKl 6 FiR, ¥ Cu/NO,G BFS lh A i i
APk R B T HERORH A BEE LA R EA T XL, WU
B Li, Na A1 K 9 HE A AU T b-Bi 1w
THA = ZE bR} B2 2o Cu/NOLG fiff Na Big L
HEFET ByS (~1498 mAh/g)55, PCy (~1301
mAhL/g), BP (~1282 mAh/g)%), SiyC (~1115
mAh/g)l% | J& Ti,CS, (~936 mAh/g)l"), Phospho-
rene (~865 mAh/g)l62% MoN, (~864 mAh/g) [0
TiSi,N, (~854 mAh/g)%] GeSe (~707 mAh/g)]
DB silicene(~622 mAh/g)% V4Cy(~606 mAh/g)l
TiB, (~588 mAh/g)®, GeS (~512 mAh/g)™ [ B
WHARM 2—3 %, HF & TiS, (~479 mAh/g)™,
Ti3C,S, (~463 mAh/g)™ TisCy (~352 mAh/g)™l,
NbyS,C (~348 mAh/g)l™ SrBg (~308 mAh/g),
Nby,C (~271 mAh/g)™®l VS, (~233 mAh/g)7
S LAY 4 5 LA L.

BB R A 2, Cu/NOLG FIGKER | fits 4 F ik
RIS LA B AR R, X EE N Cu/
NO,G R F 1, B85+ Cu AT LA A S5 45 1 H
TEERFIR L, HAMEE T, RIS T FI5
TR DM 5 s BT PR AL A TS R, Ao
17 52 RRF 88007 32 T 32 E— 20 B I P 7 i AR 1, 30—
AT X Tz R 1 B IR B RE T DA T A5 42 T4
fifi e, J35h, AR AHEARIARER B BE LA B BAT
Ze 5, XA ZE SR AT REME FEZIH N T RUR P AL
1) BT IERE T3 ANl oei Jm B 1 A H P AN ),
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SRR AR A BAE R SR AN, S 80 M REA7
FEZESE. WCRNRERR T, TR BT RE ) AR, NG LA
1. ENES A 2 R A B A ERE, L
B B 3l I TR AN, SRS LR MR A AR
FE R, L AR ES AR, 2) BT RS
SEARSE N B E AR, R, #i).
BRI B RO 2 S B0 KA dnds w8 281k, Jf
L AE W BRI 3 22 o A R R ) L HE R AR, AT
S AL 25 AR Ve S B RE s . B an R
R W T RE s R, EIRATA TR, HY
PRI HO AR T Y, 33X F2 B R A 2 I B 114 8
IAE] 13 B, RSB Re A R S, (HA R
PIRFIZ KIS K, B HIES T 45 ke . B2,
Cu/NO,G W4 | e AR (A RE T i 25 572
ZEI R B TR AR 2 R .

34 Cu/NO,G tHHRME&ERFIH

PR 2 G A AT R R AR DIAR G, Li/
Na/K B 7 7Epk LAY B 2080, 1T

BBk, X R T CL-NEBP! J7 i3 i) R 15
Li/Na/K JE 718 Cu/NO,G b 1y # i | Fe Ry #L
PR IRAR. BT Li/Na/K J5T7E Cu/NO,G B
2 118 W 86 e A I SR A S A A, E R T
PEEHE) A RN B AR X FRYE, AR A Fl B
PS5 2 AT O, X HR AT 2 x 2 8
THRIER L, FR AT EECH CuyN,OgChg.

HETHR Li/Na/K JFF7E Cu/NO,G HJZ A
M EiER%, Li/Na/K JRF¥HZET 3 Fit Bk,
1 TR W] Li A Na 505 778 Cu/NO,G
B A e AR I B e R 1L 2(a) 1 AL A5, T KR
F1E Cu/NOLG 1% A Ml AEM Rz S ] 2(a) 1Y
A2 55, K AT IKAE 5 Li/Na B AR
AR WE 7(c) fras, Li J& F 7 Path-1, Path-2
Fl Path-3 A4 HIEAL 354 0.339 eV, 0.649 eV
#11.254 eV, Na Jfii77E Path-1, Path-2 #il Path-3 |
FIH HEA 224351 0.224 €V, 0.209 eV F10.826 eV,
K JF-F7E Path-1, Path-2 fil Path-3 /9 #3422
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Fig. 6. Comparison of the theoretical specific capacities between Cu/NO,G monolayer and other 2D anode materials.
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Fig. 7. (a) Migration pathways of Li/Na/K on side A of Cu/NO,G; (b) migration pathways of Li/Na/K on side B of Cu/NO,G;
(c) diffusion barriers of Li/Na/K for the pathways on side A of Cu/NO,G; (d) diffusion barriers of Li/Na/K for the pathways on

side B of Cu/NO,G.
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R AL M A, Xt T Path-1 Fl Path-2 P i 7% #%
7, Li 4 8250500 1.959 eV 1 1.758 eV,
Na JiLF B4 #2253 508 0.813 eV 1 0.737 eV,
K J5 14 5 2435024 0.838 eV Fll 0.459 eV.
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o SRR R . R 45 S 7, Cu/NOLG
T 2 RAF I AT B L LR 1) Cu/NO,LG T
B Li/Na/K i 5 2R & Jw1; 2) Cu/NOLG &
I 15 A T 5T B 28 K43 2D A R P 5
SIEE TAEAERE ST, Li/Na/K FIHIE LA B2k
#]1639.9 mAh/g, 2025.8 mAh/g, 1157.6 mAh/g;
3) HONEHER SR, 7 Li/Na/K FFi A FEH i
FAREAR /N (<1%) T8, XA R TR HF R4 96
WREYERE; 4) ILAN, Li JETF7E Cu/NO,G HZY"
AR H 0.339 eV, Na JF 74 0.209 eV |, 1 K
JRTF R B 22 B R AIRE 0.098 eV, #fE T Cu/
NO,G TEH MM R 5Pk fE. BRI, Cu/
NO,G .7~ Hi 4~ LIBs, SIBs #1 KIBs i % #1 %}
Y KT 0, 3K AR (R B I 5% S 6 T & 43t
TR S A

B4 ¥ R M E WA

S AT S8 AR B 50 A AT 7R B2 B ARAT hittps://
www.doi.org/10.57760/sciencedb.j00213.00063 H 1 1] 35 HX .
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Abstract

Reasonably designing high-capacity novel electrode materials is key to further enhancing the energy density
of ion batteries. Graphene has been considered one of the most promising candidates for anodes in ion batteries.
However, the weak interaction between pure graphene and the corresponding ions results in a low theoretical
capacity. Based on this, in this work the first-principles calculation is used to assess the viability of two-
dimensional Cu/NO,G, a single-atom copper-doped graphene anchored by nitrogen and oxygen, as an anode
material for Li/Na/K-ion batteries. The results show that Cu/NO,G is stable in terms of thermodynamics and
kinetics. It maintains good conductivity before and after the adsorption of Li/Na/K, with theoretical capacities
of 1639.9 mAh/g for lithium, 2025.8 mAh/g for sodium, and 1157.6 mAh/g for potassium. In the embedding
process of Li/Na/K, the lattice constant changes minimally (less than 1%), indicating excellent cycling stability.
Additionally, the migration energy barriers for Li, Na, and K on the surface of Cu/NO,G are 0.339 eV,
0.209 eV, and 0.098 eV, respectively, demonstrating its superior rate performance. In summary, these results
provide a solid theoretical foundation for rationally designing metal single-atom doped graphene as a novel
anode material for alkali metal ion batteries. All the data presented in this paper are openly available at
https://doi.org/10.57760/sciencedb.j00213.00063.
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