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Abstract

Lithium-sulfur (Li-S) batteries have a high theoretical energy density, but they are limited by the
poor conductivity of sulfur, the shuttle effect of sulfides, low sulfur utilization, and the slow oxida-
tion Kkinetics of LizS. Here, through first-principles calculations, we systematically studied nitrogen-
doped graphene loaded with Ni non-precious metal catalysts (SACs) as a potential host material for
Li-S battery cathodes. By comparing structural stability, sulfur anchoring capability, electrochemi-
cal reactivity, and LizS oxidation decomposition kinetics, Ni@NC was identified as a potential candi-
date material. Ni@NC exhibits a LizS decomposition barrier of 0.36 eV and strong anchoring perfor-
mance for sulfides. At the same time, this work identifies the exothermic reactions and low rate-
limiting barriers of Ni@NC. Theoretical calculations indicate that Ni@NC has the potential to en-
hance the electrochemical performance of lithium-sulfur batteries by accelerating reaction kinetics
and suppressing the shuttle effect. This study proposes a general surface regulation strategy for
graphene to improve its anchoring performance as a host material for lithium-sulfur batteries.

Keywords

Lithium-Sulfur Battery, Catalyst, First-Principles, Graphene Doping, Cathode Anchoring Material

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

B 5 BT RE VRV ZE S A DU R e, T T B R B I R SRR T I G, AR e Y S T T T 2
EIE R BRI K. Bk, BEARENIEEE S TH A IMRIE R &M RS Y, Li-S Bt Hk
T2 ARG EFEE . R ST A A — PR B R Rk & [ 1]-[3]. JCH 2 M3
W ELRE R 2 5 (2600 W-h-kg ) FIAFR fE B 25 F (2800 W-h-L™") [4]-[6]. #R1fi, HITFLARER, Li-S HitfH
RFUBRME S AT SR T BRI Bk (1) AR (Ss) IEARAA BEANF HURT LinSy A1 LinS S5 45 55 2 Al /L #L(LiPSs)
IR EBCE =) T EER A A 2K () BT arE K s 2 5 LiSn (4 < n < Q)7E R FE
A CFERBN” FEUEEYI R ABIARE, F EE I A AT E KB LiPSs Y B B RH AR 9T S R
B SO SBETE ANEYE LiaSn (1 < n < 4)JFMEER, XFELIPSs 3 )71, A& IIEEFEK,
DAK A ARG VeI s (iid) BRI AR Ao AR K 51 AR FH AR [ 7] [8]. 7E 2D ARk, SAfd i
P RHAELE, 8 AR 100 IRTEIF A B AR FFZ 0] I 20 20%; B0, IR ENS, MnO i)
BERFFR 76.1%H %] 94.4% [9].

WEER, AT T —SE S mE R Af i Li-S At ik vl @ ¢l 02, @it 7E Li-S it iE 8 g in
IRINFUIE R 2 A ARG SR AR R i R B 0]-[ 1] — 4 HA W FE 2 oK ThRE HOAE 5 R 2 AR v 78 T
FEL I P R AR AR AR AR A 3k KA 1 e [RIET, AATTHEN T K&K J15R I K G IE MBI “ ZERRBN”
FITE & GRS Z5 4 LiPSs A LI A% Il H AR IR 8 ) 22 A, BIA & P RE R A 2 A 4 e
IHARERIMRI12]. B BRI N B AL 77), 7€ LiPSs MUt ihile 5 B mBE M, BRIK T RN #H 4,
I T NI 2. B, —2 T 4ERPRI13][14], B34 SIE[15]116]. MXenes [17][18]. IE 4
JEBALYI[19] [201F1 & JBBAAI[21], BT EER AR RIS W30 2 5T, SR B A Li-S Fil i
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BUE A EMR . 2 A SR, AR R B A R F PR E 52 9 BR A v it IR AR R 6 3 o SR,

BT A SR AR M S B A R A At A e Ak, R ERRIE 705 A 108 52 A8 FH AR A ARG [22]-[24]
AR [25] LA SRIR[26] A1 SR R BT S M [ 27 | MR BT 45 25 0 BRI 28 45 R B 9 B € LiPSs 1Y
Jiike BAREASMPHIZRE T, WEkFe) [29]. RN) [30] WIB) [30]+ BR(S) [31755E AT LAKE 55 A1 28475 )
Wetk, MImHEsE%T LiPSs WLHER . HEl, Ni AN AR5 ESESAET. fikE, N
B4 550 ] DL SRR dE A B T A T IR A, T Ni AN SRR AL R 4 0 S0, (RN =S4
WARRRE, AN S8R+ 2 B B G IR SR I P F 256 20N, % LiPSs B € RE /1098, BT It L,

TS — PR, AT N B0 S0 3 Ni 2 —Fr it R 07E EA0kL, BT 36 LiPSs 58210
B, BT RUE RG] RN o ATHEAL 1B 2R ik Ja A s i 1 LS, R 7R LiPSs BB RE

=i

2. HHEFE

FrA ) DFT 1H 5 5153525 T4 H Vienna ab initio B4 EL(VASP) [32]-[34]1E47 . K P71
SR (PAW) AN BA T SUBS IR W(GGA) ) Perdew-Bruke-Ernzerhof (PBE) & HURWF 7T L1 - B A H
VERIRTE T — B TS DG [4] [35] [36] P P 3 i Sk B s A B L E N 500 eV, BE RIS E N 1075
eV/A, AL TSR HE R B 0.02 eV/A . DN T i G AH % 2 2 18] IR PRI R AR A AR, W —
20 A MEZZE. IH DFT-D3 kit Eyo s s BA/EM[37] [38], DMENEA Ni@NC X Z
W B i B SR AL S A P . MR T N B SRR S NI BRZ W 5 < 5 x 1, JRAESE — M X
WE T4 3x3x1 MK SH T fe s A% EDOS)iH 5 4 F 7 T Ml 473 J124(AIMD)
BAUTHE BB T 5x5x 1 Al 1= 1 x 1 1 K s TR, FE, A T#ABRENREN, K
HiE T 400 K FikAT 5 ps e AR, A 1 PFh S AL R 3 1%, il HZER G AR HER 1 (CT-
NEB) 7325 LioS B0 iPERE . 9 71582 Ni@NC SHRALY 2 18 Ve P SR, RS LN A s
Bt fie
E =En _EMos2 _ELizS,I (1)

a

Fobt Eppan By Eviys, B3 N@NC WAL 138 L R . Ni@NC A B Z B B A T
TRLALBR (LA L5 Aot B R AR BE T 24 g

AP = Pros = Prsos, ~ Pliss, 2)

HH prou > Prios, ~ Priys, 73978 Ni@NC W FHTRACYI IR ¥ HLGT 3 5 . Ni@NC IR ) LiPSs [ HLf 3
Z.

AR, IRZWFE SO T@EE v 55 10 0 B B R RAIR R B BAE J5 S S (SRR)IS AR A AR A
RPN R —FE I T7E . RPN RN ERE, NT TG — PR SOERERANA
AT 7 3 A i B AR T

AG =AG,; + AZPE —TAS (3)

3. ER51H8
i 1) E 1) HAN 5 x5 x 1 B Ni@NC &R F RS M. 405 Ni-N §K
N 1876 A. C-NEEK Ny 1.386 A, C-CHK N 1.428 A, S EHN 2.46 A 5aiA 251 Sk EBULTE—

. UFH Ni@NC £ 8 Fah A S . 4 1o~ Z g M &, #RBE 7 =408, itk
Ja Ss MHIEEK N 2.062 A, TIERALYIMN LixSs ) LinS 9 S-S K i 2.055 A K5 2.186 A, T Li-S K
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i 2.379 A 4555 %) 2.093 A, 7EARAL AL FE A BEE B Li WRE R8N, Zaitk?rh RO 8K S-S BRI
) Li-S B . X EME iR Li-S A EAER, AT LAMR a7 Mo s Bh 2 B 778 70 0 L R 048 N G R nid
B, X5 PLRTRIHRIE—E[39].

By 08 ¢
© 0 0 0 O &4,

© g Yo ©
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Figure 1. (a) and (b) are top and side views of the fully optimized Ni@NC structure, respectively; (c)~(h) are optimized
structures of various lithium polysulfides

1. ()F(b)53 7 7 Ni@NC ST EMIMALFRRSMRE; (o~(h)ZHILEBLEMMILE

HBIEAR I R B CE B SH, N TP A a0 SRR, B4 E T T
REAT U5, A 2(a) 7R Ni@NC IRETT ], B A4E AT BRZI0N 0.25 eV, A BRER/INIGIE 5 s R AT
B, RIS G AR REORFE R AT S, XRIAF LA S A S HE . B 20) It T B4 E
AT, B, BHEFER CHp PuEvTEk, HIUE N p HuE. K 2(c)Bn TR %E, HER
W, HEEELXSY FREES SN, R T B SR EM, AR TR FRER. K 2d)
R THETRES MRS, Fik, T WS E e T T A i, wiE 2(e)hs
G TS, WEF LG RS RS IR A, RPABATMM R R ER . N Tk BiE
FesE I kAT T 43 T3 J1 2 (AIMDYIEALL,  4nfs] 2(H sy 400 K R #EAT 5 ps (3 77 A HE40L,  EIH AT LA
B, ERENIEPERE Vi ENTT s, RPN EGREr, K i F7E C-C iy
50045, TE Ni-N 82 [/ 20 13 N B shi#ass, XK F Ni fIN 572 BB aEfEar 25, —
MAEDLT , BR 5 BE A S5 10 5 r MR I SURCE R T F 1A, X2 Li-S HIb b B

G3Ak, APRL AR E Pt R e b PR R K B R SE S M S RRE VRIS, ORI IR R 2 B AL 1R Bt
1B, W —BIE DL TR JAL A =Fh, 8 PR A X B G153 AR se iR Bt i) 3 B, 5
5 IV B BEE—0.46 $-2.12 eV, KT JEUAA BIFE R IIIHE. L 3 R rT%n, Se 3 74T
(O B A4 R BE, WP BB /N R —0.46 eV, X EELRZRN Sy ST MM s AN 3.42 A, £
RO ERH . Wt T8 LioSa (n = 4. 6+ 8)F%E, WA Li JE i T 3 B M e 4 IR T, 46 5%
LizSn (n= 1. 2)P A Li JE 75 S PR, W PR B8R 1 i DR 0 5 4k i 2 ) 7 A Ak 2 B R s AH ELVE
B R BEE 2, SUEHRMMEERT Ss3: 54k, MEFRTTLIEH, TR B aE /N 2RI MR T
KEE RS, TR b S R A, 08 2,45, 238, 2.37. 228 Al 221 A, S5WRFHREN AR
i —2, AT IR IR S5 A . oAk, w3 AW IE ) AR 32 2 7 DOL (1,3-dioxolane) I
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Figure 2. (a) and (b) are the band structure and density of states of the 5 x 5 x 1 Ni@NC supercell; (c) is the charge density;
(d) is the electron localization function; (e) and (f) are the phonon spectrum and molecular dynamics simulation at 400K,
respectively

2. (@)F(b)A 5 x 5 x | I Ni@NC BEFSEHER; (o) AEEEHE; (d) BFRERE; @FMONINAEF
&R0 400 K BFRY 53 F B S AR

E, =-1.57 eV E

Figure 3. Fully optimized structures of Ni@NC supercells adsorbing Li2Sn (n =1, 2, 4, 6, 8) clusters
[ 3. Ni@NC B LiSn (n=1. 2. 4. 6. 8)HEEHTELEMMRIL

DME (dimethoxy ethane) X KEERRILY) LizSa (8« 6+ 4)[IWLFHHEN—0.74 F-0.92 eV JEFHE[40]. ZERRUSLIF)
PR R KR T8, BRI Z A (LioSs LizSew LizSa) I & KT DOL #1 DME (177 ff+
REl A BE AR “HROIRM” o WA N 73 Ni 2 )50 K 2 i it b 68 9-0.95 2-1.57 eV Z [,
KT DOL Al DME Xf Z WA (W B RE,  RE AT DA 5t i e KRR B TR, AN TR B (A1
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BRI AEAT IR EI AR SRR M 2k A — BRI AR . £ R, BRSSOV IE K
Li'9 83 S 1IEMHK. B 564 LiaSs IKBERE, 4 LinSs ¥ Li-S BBHIN 2 J5 4842 5 Lit SN A ) LiaSe
BAey), MR, S HABOIRIE R Lis B BN HCRIERE S, Lit M &7 W) LioS A% B itk R
(Bl BB A, B T Rk, ARSI RE RS K B Li-S B MR AE A, Li-S B, WUl 5 kA
Wi, XU S AR T Li-S BEACROHG K TT UG s r il A e, (K, Ni@NC TRy B e R HR AR
FLHL TR A A B E i AR

N T RS RS 0 Z ALY E LI, anlE] 4 Xt AT 1 Bader HUfT 5 27 AT TH . EEH
RENS W I B 2 AL S A R [ R T AT RS, IR BRI A BRBR A1k 25 TR RS B BL IR I,
MATEH N R FERHE T2 Ja SRR Li Z 874 A AR, i B b g B i R B P N S i1
BLs FERSR A DU Ni B KRBT CRRIHR TR 804 S 725k, i al LA 2043 e
) C JR T M D R AT K. A8 B WK BE IR 5E fafr < (M RS B IE 22, #F LinS, & LinS 2
()i 31 i 22 R I H e IR BE . IXAOR RN Ni SRR 2 (M A7 AE A e 7%, [RIINFBRAL ) B A Li
5 IR Z TRV AF AR LT B A R I S o AL 2R o O 1 e | A HE AT Z IR A%, TR B Ja it AT 1
Bader it4%, &1 Bader AT Ror, FEEBACIRRIHEAT, B i KRR R BE ML A2 b T I e i i
WIRHIE KR, HA 2 LiS FHAFIRK 0.31 NMHT, X 5ZE0 BB

Figure 4. Differential charge and Bader charge transfer between lithium-sulfur clusters and Ni@NC substrate
B 4. BHREARS Ni@NC WRZBIHESBETS Bader BEHHE

PRI I AR A B A RE, SR — AN EEMSE, @ T E RS A R 1A% & (TDOS)
P75 % FE (PDOS) AL I FE SR Pl . ¥ 5 o Ni@NC B 2B Sg+ LiaSs+ LiaSev LiaSav LixS: Al LisS J&
MESEESWESEE, SBRENAERRU, #HRIHESEEE. 550, EFKRERERHESR
TARE, REREW MGG BT RS PR K ) IR I R RSP, 5 —J710, Ss fEVIAEE
FUERELK, (HBEE MR AT, 76 LisSe (n = 1. 2. 4. 6. 8)1 S 4 p HiE Tk 200 HY s ke 34,
i C ) p BUIETTHRE BN R b A 2 . BRE EE S R R R FHEMEEIE M. B2, BrE
Mf S IE R N EARE e ARE, e iR T BRI S M, AT I IR TE A R

BRI B I OB AR AR, A T T PR RO AR, VST RN SRS AT T H B REAG.
Kl 6(a)ias T HH Ss B LipS Ml A A HRE G, MBI T LLE H B Ss B LixSs A H KT IR
N, AG=6.61¢eV, MM LizSs—LixSe+ LixS¢—LizSs+ LizSs—LixSs+ LizSr—LisS i FE 5] A PR i 25 1% i Wl 4
SN, FAG S HIN 0.09eV. 0.71eV. 0.93eV. 1.02eV, XV PH 2 77 1090 8 A 5w S 3850 a] i 1 1
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Figure 5. Total density of states (TDOS) and projected density of states (PDOS) of Ss clusters, Li2Ss, Li2Se, Li2S4, Li2S2, and
Li>S adsorbed on a monolayer Ni@NC
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Figure 6. (a) Gibbs free energy of the lithiation process of Ss clusters on a Ni@NC monolayer (b) Distribution of decomposi-
tion and diffusion energy barriers of Li2S on Ni@NC
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TP 8L, (2t Li FPGEEE, XIET LiS 5 Ni@NC 4 s AH AR .
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L35 b ASCRGHT T T Ni@NC AE y— PRI v il 8 7 19 e RO A o 8 3 28— P SR 5 Ni@N C
[ HL T SRR 2 BRAL D B E PERE . THLERAR T, B AT RO AN BURT LA DR 22 Bt A B ) S A
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2 71°% . Pitk. Ni@NC o] EAE AT i i e K B S e AR 53 4h, ASCEXT Ni@NC i 7 RS0 H
W HHGZ —EH SRR IE, UL RA —ERRIRE. EAKRA Bl 2 HER T S SR s &
(T ST A 5 2 W A (1 e AL

SE

[11] Wang,J.,Li, F., Liu, Z., Dai, Z., Gao, S. and Zhao, M. (2021) Two-Dimensional Conductive Metal-Organic Frameworks
as Highly Efficient Electrocatalysts for Lithium-Sulfur Batteries. ACS Applied Materials & Interfaces, 13, 61205-61214.
https://doi.org/10.1021/acsami.1c19381

[2] Wang, H., Wei, D., Zheng, J., Zhang, B., Ling, M., Hou, Y., et al. (2020) Electrospinning MoSz-Decorated Porous

Carbon Nanofibers for High-Performance Lithium-Sulfur Batteries. ACS Applied Energy Materials, 3, 11893-11899.
https://doi.org/10.1021/acsaem.0c02015

[3] ZNI. ETHEEHEDEARZH =T 5 S HMB SR R A [D]: (B A0e ], i Rigsmk
2£,2021.
[4] Li, Y. Pan,Y. Cong, Y., Zhu, Y., Liu, H.,, Wan, Y., et al. (2022) Decoration of Defective Graphene with MoS: Enabling

Enhanced Anchoring and Catalytic Conversion of Polysulfides for Lithium-Sulfur Batteries: A First-Principles Study.
Physical Chemistry Chemical Physics, 24,29214-29222. https://doi.org/10.1039/d2¢p03582k

[5] Zhou, G., Tian, H., Jin, Y., Tao, X., Liu, B., Zhang, R., et al. (2017) Catalytic Oxidation of Li>S on the Surface of Metal
Sulfides for Li-S Batteries. Proceedings of the National Academy of Sciences, 114, 840-845.
https://doi.org/10.1073/pnas. 1615837114

[6] FRJ%. AR FEIBIEARAR R £ B sAG A P BRI FE [D]: [ A 3], dbat: JERt3E TR, 2015.

[7] Tang, H., Li, W., Pan, L., Tu, K., Du, F., Qiu, T., et al. (2019) A Robust, Freestanding Mxene-Sulfur Conductive Paper
for Long-Lifetime Li-S Batteries. Advanced Functional Materials, 29, Article ID: 1901907.
https://doi.org/10.1002/adfm.201901907

[8] Wang, H., Zhang, W., Xu, J. and Guo, Z. (2018) Advances in Polar Materials for Lithium-Sulfur Batteries. Advanced
Functional Materials, 28, Article ID: 1707520. https://doi.org/10.1002/adfm.201707520

[91 Qian, X, Jin, L., Zhao, D., Yang, X., Wang, S., Shen, X., et al. (2016) Ketjen Black-MnO Composite Coated Separator
for High Performance Rechargeable Lithium-Sulfur Battery. Electrochimica Acta, 192, 346-356.
https://doi.org/10.1016/j.electacta.2016.01.225

DOI: 10.12677/aepe.2026.141001 8 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2026.141001
https://doi.org/10.1021/acsami.1c19381
https://doi.org/10.1021/acsaem.0c02015
https://doi.org/10.1039/d2cp03582k
https://doi.org/10.1073/pnas.1615837114
https://doi.org/10.1002/adfm.201901907
https://doi.org/10.1002/adfm.201707520
https://doi.org/10.1016/j.electacta.2016.01.225

LZLV A

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Ji, X., Lee, K.T. and Nazar, L. (2009) A Highly Ordered Nanostructured Carbon-Sulphur Cathode for Lithium-Sulphur
Batteries. Nature Materials, 8, 500-506.

Xiao, L., Cao, Y., Xiao, J., Schwenzer, B., Engelhard, M.H., Saraf, L.V., et al. (2012) A Soft Approach to Encapsulate
Sulfur: Polyaniline Nanotubes for Lithium-Sulfur Batteries with Long Cycle Life. Advanced Materials, 24, 1176-1181.
https://doi.org/10.1002/adma.201103392

Wang, L., Hua, W., Wan, X., Feng, Z., Hu, Z., Li, H., et al. (2022) Design Rules of a Sulfur Redox Electrocatalyst for
Lithium-Sulfur Batteries. Advanced Materials, 34, €2110279. https://doi.org/10.1002/adma.202110279

Yang, Y., Liu, X., Zhu, Z., Zhong, Y., Bando, Y., Golberg, D., et al. (2018) The Role of Geometric Sites in 2D Materials
for Energy Storage. Joule, 2, 1075-1094. https://doi.org/10.1016/j.joule.2018.04.027

Chang, C., Chen, W., Chen, Y., et al. (2021) Recent Progress on Two-Dimensional Materials. Acta Physico-Chimica
Sinica, 37, Article ID: 2108017.

Andritsos, E.I., Lekakou, C. and Cai, Q. (2021) Single-Atom Catalysts as Promising Cathode Materials for Lithium-
Sulfur Batteries. The Journal of Physical Chemistry C, 125, 18108-18118. https://doi.org/10.1021/acs.jpce.1c04491

Su, Y.S. and Manthiram, A. (2012) Lithium-Sulphur Batteries with a Microporous Carbon Paper as a Bifunctional In-
terlayer. Nature Communications, 3, Article No. 1166.

Liang, X., Rangom, Y., Kwok, C.Y., Pang, Q. and Nazar, L.F. (2016) Interwoven MXene Nanosheet/Carbon-Nanotube
Composites as Li-S Cathode Hosts. Advanced Materials, 29, Article ID: 1603040.

https://doi.org/10.1002/adma.201603040
ZHRE . MXene FEE A IEARM R ) 46 S AR I M RERF AL [D]: (W22 008 30]. ® T T VE RS, 2024,
Sim, E.S., Yi, G.S., Je, M., Lee, Y. and Chung, Y. (2017) Understanding the Anchoring Behavior of Titanium Carbide-

Based Mxenes Depending on the Functional Group in Li S Batteries: A Density Functional Theory Study. Journal of
Power Sources, 342, 64-69. https://doi.org/10.1016/j.jpowsour.2016.12.042

Li, H., Ma, S., Cai, H., Zhou, H., Huang, Z., Hou, Z., et al. (2019) Ultra-Thin Fe;C Nanosheets Promote the Adsorption
and Conversion of Polysulfides in Lithium-Sulfur Batteries. Energy Storage Materials, 18, 338-348.
https://doi.org/10.1016/j.ensm.2018.08.016

Ghazi, Z.A., He, X., Khattak, A.M., Khan, N.A., Liang, B., Igbal, A., et al. (2017) MoS»/Celgard Separator as Efficient
Polysulfide Barrier for Long-Life Lithium-Sulfur Batteries. Advanced Materials, 29, Article ID: 1606817.
https://doi.org/10.1002/adma.201606817

,Du, Z.Z., et al. (2019) Cobalt in Nitrogen-Doped Graphene as Single-Atom Catalyst for High-Sulfur Content Lithium-
Sulfur Batteries. Journal of the American Chemical Society, 141, 3977-3985.

Zhang, Q., Wang, Y., Seh, Z.W., Fu, Z., Zhang, R. and Cui, Y. (2015) Understanding the Anchoring Effect of Two-
Dimensional Layered Materials for Lithium-Sulfur Batteries. Nano Letters, 15, 3780-3786.
https://doi.org/10.1021/acs.nanolett.5b00367

He, J., Hartmann, G., Lee, M., Hwang, G.S., Chen, Y. and Manthiram, A. (2019) Freestanding 1T MoS2/Graphene Het-
erostructures as a Highly Efficient Electrocatalyst for Lithium Polysulfides in Li-S Batteries. Energy & Environmental
Science, 12, 344-350. https://doi.org/10.1039/c8ee03252a

Ren, Y., Wang, B., Liu, H., Wu, H., Bian, H., Ma, Y., ef al. (2022) Cop Nanocages Intercalated Mxene Nanosheets as a
Bifunctional Mediator for Suppressing Polysulfide Shuttling and Dendritic Growth in Lithium-Sulfur Batteries. Chemi-
cal Engineering Journal, 450, Article ID: 138046. https://doi.org/10.1016/j.cej.2022.138046

Park, J., Yu, B., Park, J.S., Choi, J.W., Kim, C., Sung, Y., ef al. (2017) Tungsten Disulfide Catalysts Supported on a
Carbon Cloth Interlayer for High Performance Li-S Battery. Advanced Energy Materials, 7, Article ID: 1602567.
https://doi.org/10.1002/aenm.201602567

Lin, H., Zhang, S., Zhang, T., Cao, S., Ye, H., Yao, Q., et al. (2019) A Cathode-Integrated Sulfur-Deficient CosSs Cat-
alytic Interlayer for the Reutilization of “Lost” Polysulfides in Lithium-Sulfur Batteries. ACS Nano, 13, 7073-7082.
https://doi.org/10.1021/acsnano.9b02374

Xu, J., Zhang, W., Fan, H., Cheng, F., Su, D. and Wang, G. (2018) Promoting Lithium Polysulfide/Sulfide Redox Ki-
netics by the Catalyzing of Zinc Sulfide for High Performance Lithium-Sulfur Battery. Nano Energy, 51, 73-82.
https://doi.org/10.1016/j.nanoen.2018.06.046

Kresse, G. and Hafner, J. (1993) 4b Initio Molecular Dynamics for Open-Shell Transition Metals. Physical Review B,
48, 13115-13118. https://doi.org/10.1103/physrevb.48.13115

Liu, J., Duan, S., Xu, J., Qiao, B. and Lou, Y. (2016) Catalysis by Supported Single Metal Atoms. Microscopy and
Microanalysis, 22, 860-861. https://doi.org/10.1017/s1431927616005146

Kresse, G. and Furthmiiller, J. (1996) Efficient Iterative Schemes for ab Initio Total-Energy Calculations Using a Plane-
Wave Basis Set. Physical Review B, 54, 11169-11186. https://doi.org/10.1103/physrevb.54.11169

DOI: 10.12677/aepe.2026.141001 9 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2026.141001
https://doi.org/10.1002/adma.201103392
https://doi.org/10.1002/adma.202110279
https://doi.org/10.1016/j.joule.2018.04.027
https://doi.org/10.1021/acs.jpcc.1c04491
https://doi.org/10.1002/adma.201603040
https://doi.org/10.1016/j.jpowsour.2016.12.042
https://doi.org/10.1016/j.ensm.2018.08.016
https://doi.org/10.1002/adma.201606817
https://doi.org/10.1021/acs.nanolett.5b00367
https://doi.org/10.1039/c8ee03252a
https://doi.org/10.1016/j.cej.2022.138046
https://doi.org/10.1002/aenm.201602567
https://doi.org/10.1021/acsnano.9b02374
https://doi.org/10.1016/j.nanoen.2018.06.046
https://doi.org/10.1103/physrevb.48.13115
https://doi.org/10.1017/s1431927616005146
https://doi.org/10.1103/physrevb.54.11169

LZLOV A

[32]

[33]
[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

Ghosh, A., Pal, S. and Sarkar, P. (2022) Rational Design of Two-Dimensional Porous Boron Phosphide as Efficient
Cathode Material for Li and Na Ion Batteries: A First-Principles Study. The Journal of Physical Chemistry C, 126, 5092-
5100. https://doi.org/10.1021/acs.jpcec.1¢09966

FHEE AR B IEAR A R BRSBTS 5T [D]: (M #0e 0], kil B KEE, 2022
R, PG, . BT IERA RS — IR, (st g, 2008, 20(11): 7.

Liang, H., Tian, F., Zeng, Z., Li, Y. and Wang, C. (2022) Two-Dimensional Metal-Free Compounds of BC4N and BCsN2
with Boron Atoms as Highly Efficient Catalytic Centers toward Sulfur Redox in Lithium-Sulfur Batteries. Applied Sur-
face Science, 606, Article ID: 154773. https://doi.org/10.1016/j.apsusc.2022.154773

BT, FAN, AHL TR T AR I AR L NiS B4 ST FE[T]. ME/RIEITYE R 22 F AR R
222ER, 2022, 38(6): 75-78.

Zhao, B., Ren, Z., Tan, G., Li, Z. and Xie, J. (2022) Defects on Li2S@Graphene Cathode Improves the Performance of
Lithium-Sulfur Battery, a Theoretical Study. Acta Materialia, 226, Article ID: 117632.
https://doi.org/10.1016/j.actamat.2022.117632

BOgEE, B, BB AR PRI IEAR AR LioS PEREWT U], IR 24 B 2 (B SRR AERR), 2015, 24(3): 112-
113.

Cao, Z., Wu, H. and An, Y. (2025) Anchoring Ability and Catalytic Activity of B2C2 Monolayer as the Lithium-Sulfur
Batteries Cathode Materials: A First Principle Calculation. Chemical Physics, 588, Article ID: 112484.
https://doi.org/10.1016/j.chemphys.2024.112484

Gao, D., Li, Y., Guo, Z., Liu, Z., Guo, K., Fang, Y., et al. (2021) Sc2CO-MXene/h-BN Heterostructure with Synergetic
Effect as an Anchoring and Catalytic Material for Lithium-Sulfur Battery. Journal of Alloys and Compounds, 887, Article
ID: 161273. https://doi.org/10.1016/j.jallcom.2021.161273

Zhang, X., Zhou, X., Wang, Y. and Li, Y. (2023) A Theoretical Study of the NbS2 Monolayer as a Promising Anchoring
Material for Lithium-Sulfur Batteries. Physical Chemistry Chemical Physics, 25, 10097-10102.
https://doi.org/10.1039/d3cp00042¢g

DOI: 10.12677/aepe.2026.141001 10 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2026.141001
https://doi.org/10.1021/acs.jpcc.1c09966
https://doi.org/10.1016/j.apsusc.2022.154773
https://doi.org/10.1016/j.actamat.2022.117632
https://doi.org/10.1016/j.chemphys.2024.112484
https://doi.org/10.1016/j.jallcom.2021.161273
https://doi.org/10.1039/d3cp00042g

	N掺杂石墨烯负载Ni作为锂硫电池潜在的高效催化剂：第一性原理研究
	摘  要
	关键词
	N-Cient Catalyst for Lithium-Sulfur Batteridoped Graphene Supported Ni as a Potential Catalyst: A First-Principles Study
	Abstract
	Keywords
	1. 引言
	2. 计算方法
	3. 结果与讨论
	4. 结论
	参考文献

