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Abstract

Lithium-sulfur batteries, as a highly promising next-generation energy storage device, are concerned
owing to their exceptional theoretical energy density (2600 Wh kg-1), low cost of sulfur resources,
and environmental friendliness. And its practical implementation is severely hindered by the poor

XESIH: kg, MREME. BRI MS (M = Fe, Zn)i1 LiPSs L PERED]. PBLS3EE, 2026, 15(1): 7-15.
DOI: 10.12677/japc.2026.151002


https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2026.151002
https://doi.org/10.12677/japc.2026.151002
https://www.hanspub.org/

GRUE, ARG

electrical conductivity of sulfur and the detrimental “shuttle effect” of intermediate lithium polysul-
fides (LiPSs). In this paper, first-principles calculations are employed to understand the inherent
functional mismatch between wide-bandgap semiconductor ZnS and metallic FeS. ZnS, which has
excellent chemical anchoring ability, falls into a kinetic deadlock of “trapping without conversion”
due to a high rate-determining step (RDS) energy barrier. And FeS, which holds excellent electronic
conductivity and catalytic activity and insufficient thermodynamic adsorption, makes it difficult to
achieve efficient polysulfide capture. To obtain better performance, we have constructed ZnS-FeS
heterostructure that achieves perfect functional decoupling and synergy through interfacial elec-
tronic reconstruction. Results show that the heterostructure establishes a multi-site synergistic ad-
sorption mode at the junction and yields stronger binding energies than that of single-component
FeS and ZnS. The significant downward shift of vacuum level at the junction will induce a robust
built-in electric field (BIEF), which effectively reduces the energy barrier of RDS and improves the
catalysis of LiPSs.
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1. 5|

FEABRBEIR L B AN b A B AR IRE) T, JUHRAE AR EAE S i 7 B A e, B it
PN R S B S T L AR B A R A 2 — o B FEL TR O 38 E T L v A B i (2600
Wh kg ) FIELIE LA S (1675 mAh g Y [1]. IERRGEHEM B, BAREFEE . AR K IF % R 2%
Mo AT RIS bR S AT TG P 0R B, e R LR I (5 2 AR AKBE 2] BF R, AR RS A ™
HEE S B ) B A, B AT LioSe B A LinSo/LizS HIW - E#4kb 1R, Hzh )23
23] Rk, ik Rens R e e AP A 0 2 2 B (LIPSS) 1) IEAR AR RE, B A A A2 AR
SRS RV AZE O ) (1 DG R 4]

L& B e, &R B o & B m A AR AR A B 22 56 T K [5]. BT REIE T B 5
BB AE F Bk 28, SARPERT LiPSs F=AEsm B LA B, A 80K o4 e 7 IEARIX 38, A TTIfE— e 72
JE BT SRR RN [6] . £ A A 1) 2 £l Nb2Os, F3R TH Nb-O A 14 5 v 38 o #% 2 WA FH 55 LiPSs
TE RCTRI B 5% 25 T B S 56 BB A 35 €5 LioSe VAVORIHE WA[7]. @A TiN A5 N R 75 Lt d
YER KA RIS 75 ST HIBC AT 898 Ji3di 3k LiPSs [8]. {H BRI MAT AT ERES S HEAL[9]. 9 T i vhsh J12%
IR, PR EH SRR, 10 FeS. CoSaw NiS %, #75I AME A AUEALFI[10]. X3Ht
BHEF BT SHEMERR T IORRAMIEEE W TE, RS IE e IRk, 2% R
N (SRR) IS AL AE, IR LiPSs M6 A0[11]. —d o3 LA “Smaigh” A “PREE1L” w5 K% 0
PERE[12], TS 45 TARIRAL T — Mg g v 07 € [13]. 85 J5 7 R RS TANIREATRE, AT 76 ST S 3
PRI N, SEEL “1+ 1> 27 [ERTF[14]. Zhou FIBAFIFT TiO, Ik 715 TiN FIL T AL BE,
FRINHEE TiO/TIN S li4h, SCILT LiPSs N “Hiisk” 2] “Hefb” miaenrss, FreldémibsE 0.3C Mg
PEER 300 W5, PhRedEdF 927 mAhg T I A R [15]. % EfmEE &, Qin FIPA ¥t H MnsO4/MnS £
FoJE SRR 45, I MO, H U & LiPSs. MnS it db4b sl 712, IR b 25 454 G2 i A R Ak
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B AR 3 ik 8 mgem ™2, 3SEEL 7 7.1 mAh em™? (I 25 [16], 48 LR P H iR 45 TR AE SR TR He
M RE T TH ) BRI 77

ZnS & — PRI B SR SR AR — R B AR A R, B LiPSs ZRIIH 55K IR B A
i FeS 2MEJEME, RILH SR MEI G, (HHERPERSS, SEISHIE LiPSs MEEIA 2.
ASCE 5 2 RS (DFT) 5, RSUAE T ZnS. FeS I LiPSs MM fE 11, M@ T ZnS-FeS 7+
JREE TR LiPSs B “UR Bt - AL P FEFEFIALS] . XA “1+1>2” MRCERIET ZnS 5 FeS 1] (1 5 L7
HFY, FHIAL IS BRI R 2 T RS e T 25 Ty R B 22 5 fIK(4.653 eV), K RAL T HL ARG . [F]
B, LizS 7 ffAE 22 KR FE 25 0.52 eV, (R0 =0 I id A B3 s AL 208 38 1 30 Ty 2 g o XA
4T 5 ) FREACER A DR s SEIUARRL S [FBARAL, DB Lt AR AR A B AR A IR
SRR S S A R .

2. WWHE*

AW T T R T35 B B B (DFT) [17], FE{EBh VASP B 52 [ 18], i+ R
LM% (PAW) &AL HL 7 - B A EAEH, JEIk) OB E L L(GGA) 45 & Perdew-Burke-Ernzerfhof
(PBE)YZ M 1 1A% FE 7 IR 152 4 - SCHEAE ELAE FI[19]. Fo-T-U SR BCE: T s L R JF, #i B v 500 eV,
REE AN 7 I SORME o 1 x 107 eV/A, A FLIH X RAER A 3 x 3 x 1 ) Gamma 4%

JIT A FEE 1) 2R T 3 ) A2 B Ak 22k (FeS) Y 001 T AN AL A% (ZnS) ) 110 Thi. 1 20 A 1 B2 2 LA 40 ) A
PS5 R VBRI AR . AT 2 = VPl ZnS. FeS F1 ZnS-FeS i 45 %4 Z Bt L4 (LiPSs) i
HiERe ), WATUHE T WP RE. WM AR R U IR

E

ads ESubstract+LiPSs - ESubstract - ELiPSs

Forft, Esubstrat + Lipss /& LiPSs 73 F MR AERT R I8 AL S5 1R R EBE R Esubswrar /2 AHH [ B P 4114 4]
JER MM B BE R EvLipss A2 EM R T B2 & 7S LiPSs 40 TS B . FRIRER N, Hgau ik K,
FEORWY Y BE SRR, M RRE . PN ERTH S LiPSs 407 R A YA AR AR LA FEE Grimme 5 &
DFT-D2 (D fRE G E) AWK IE[20]. N TIRAFEAR LiPSs 535 2 18] () B 740 HAE A A A5 RS ML
T 72 53 P far 5 BE 43 A A Bader Charge LA 73 #T[21]. R 11 By R £l ()8 $E BT z 77 1Al (1 [ P 3 v
R, ESCNETREHN(E) S TORBEH(E) 2 2, FHRI RS IE LAVE B A IR A 1R 722 . 0T LioS 19
IYRRENI1EE AR, R NEH: S s 3 4 H#5 (CI-NEB) J5 72 3R /Mg B B AR (MEP) , I AE WIS 5 R & 1H]
NG TG SE e A IE A R R S I MG RE 22 [22]

3. R5118
3.1. LiPSs 7E FeS 1 ZnS FRHE A&

FeS fifA AU T7 i R L EVET 454 (P4nmm), EEUZIR(001)FE 1 (W& 1 4G FTR), T Fe i1
BPLF VIS S BRI R DU TH AR ZS B, Fe-Fe J5UFIRIFE 22y 2.60 A [23], 3X— I B8 3200 4 @ Bk Hh 1) Ji 1 )
PH, R\EN Fe T 2 [AMFIE B0 E R BAEM . ZnS J& T 5277 NG S5 (S B F43m), —4E%
T HCH # ) AR E M (L10) T (a0 ] 1 AR EIFTR), B R ORIEI =TT B LU P, ATk 5 7 A
TG 111 ) o] RE 7= A i B K FE P A [24] . [ 1 R =48 Z00R FeS A ZnS ffer fl. 45K, FeS
whR, BEIEEME: ZnS WA 2.16eV AR, RIS, BAERENLEEESREN, BTk
T FRR SR B . B, =SS BERIEI FeS FITE 5B SRRMAE K ZnS TERL T BEBIXLE, FeS
BRI R S R, FEFE S R SOK T S e E e RO AR IE, A R4 ZnS FE AL
RS AR R S A R EE, B E R A E T B BE T A BAME S
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Figure 1. Layered structural models and electronic band structures of FeS and ZnS

[# 1. FeS #1 ZnS M ERE & Hi5PREEH

AT LiPSs 7£ FeS. ZnS K M AL A, AR LioS FEAN[F] W] BEAL A W B S5 R 1EAT 1 5t
BT, WK 2 Pos. BTECHEER, #L)ER T EREL R 5M(S)N A ke, X+ FeS K,
LizS 7E S By i e N-3.13 eV, @R T HAEMAL(-1.92 eV) 1 S Tiifz(-1.65 eV) I g, &H] S
AL R T 3R LiPSs. XA R EZEIHRF Li JiF 5 S A7 05 2 8] f F B 5 R IE 22 e e H
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AL, TH B S0 S [T E S5 E R Zn A7 S, RO S T A B R 2 A T RE
FERRF SRR A EIER, M LiPSs 415 ZnS B B4R B 4 e M fE .

N T EESHT LiPSs 5 FeS. ZnS Z I BIAH AR, THE T M LizSs | LioS & W Bl =) {E FeS
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Figure 2. Various adsorption sites and corresponding adsorption energies of Li2S on FeS and ZnS surfaces
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X 2 R P R A B AR T AN R . FeS Xt LiPSs (1 Bt 32 B T 5 sl e L
il, Bl LiPSs K i 14 SR 7 SRR R S A7 s FE R Li-S 8. 1M ZnS 21 B H — 58 kv 28R XU A5
RS ENLE . BR T H A Li-S M EAEI4, LiPSs H BRI T AU 78 L4 i it A, 165 ZnS FKIH KI5
T4 JE AL A Zn AR SRFIA I 5 BT RRBHAE AR, TR R T FRUE 1 S-Zn B, IXFROSUE A Y 20U Y 0
THEIZEE T, N B A SO A R 2 A YA S TR AN . ] 3(b) 4 R A T E H R
LR IR, FeS. ZnS My B S5 A TE MIBAH LioSs F A0 N AH LinS, IR . FeS I ud 2P i 22k 0.506
eV, i ZnS KRN RE22 N 0.822eV. XK FeS REA M MR AL IR R BTG LRE, (2 Z APtk
B - WA AR, ZnS BRI — AR, BHAEEAS) )% EAEBOKMIR R . X 0] RESE
T ZnS T8 (171 BB R A S 1 R B B 7 e TR A PR R B 5 S Ak . BRI U, ZnS AR AR 8L
TR IS AE, 1M FeS W TEINE E Ak IR 8) 7 24 75 Th 58 AR

NTIERT R RIRR RIS, A SCEIS % 5 A3 0 T B B M E ok il. 4
LiPSs W fif 21| FeS. ZnS K f&, WAz SR Li J5-7 A0 S J5l—7 () 3R T R b R AR S8 70 A, an &) 3(a) P
Ro TE FeS AR, HWMfHEBMEZEER T Li i 5ERME S A2 0, MTE Fe sy S 72 Imit
ARG BN R E KR FRE. TN TREZ Y, Fim R Mol & iR Xk, REHAMHE AR
P Z R T8 5] Jy, ARSI B A . T ZnS AR R, LiPSs W EBL T B 5 Ak 2 W B ARRAE o
B 7 EB Li-S MHEAER AN, Zn i 5 S IR T2 e A TG T & £iliE, AR Fa% s, 58
FERER . XAMBRUESE Zn-S Z EJE A T oL o, W7\ S ¥ p B[] Zn s 3iE R A T A JUE A 3L
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Figure 3. (a) are optimized adsorption configurations, differential charge density maps. (b) are adsorption energies and Gibbs
free energy profiles for Li2Sn (n =1, 2, 4, 6, 8) on FeS and ZnS surfaces

[& 3. (@) Li2Sn (n=1, 2, 4, 6, 8)7E FeS 1 ZnS RMEAIN ML), =N ZEEE; (b) 2 LiSh(n=1,2, 4,6, 8)7E FeS & ZnS
FEPIR MRS hEr B A R B phzk

7 13@xt Bader charge tH5USEE T /NT LinS K2 T LioSe B I HLff « ZnS A R S J5 71 HL far
F155(0.989 F1 0.998e) ik i T FeS 1A £(0.658e 1 0.581e), H. Zn J5F F Hifif 4515 4 %1 (0.839e AT
0.858¢e) KT Fe J&-1-(0.525e i1 0.545e) ). iXF W] LiPSs 5 ZnS 3 [ 1) H fif 5 7% 3 758 56 o, Wl P RH EL A
R E . XPERZLN H AT RS 22 IR T ZnS [ [ AR e AR S M AN SR R . ZnS i Znt s
S MAFER R I B TR 7, H Zn 1) 4s. 4p BB S 1 3p BUBETE AL sp® 241L[25], HUBEESEY &
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T FeS, i3 ZnS Xf LiPSs WL LAsm 2K S) iR — BAH LA I D E[26], AT e RO 5 E 45 3R LiPSs
TR, BT SR AR RE . 10 FeS A RNIME T d PUEHE 72 513N HLEH], @i d-p $L
TEAR SR O E KW AL R [27], 18 FeS B HLFT A2 AR IR T ZnS.,

Table 1. Calculated Bader charge transfer for LiPSs adsorbed on the surfaces of FeS and ZnS

= 1. IRPHFE FeS 1 ZnS FRMEHY LiPSs ¥ 7% Bader B2 7oy

LiPSs FeS Zns
Li S Fe Sag Li S Zn S xx
Li2S —0.873e 0.621e —0.525e 0.658e —0.861e 1.315e —0.839%¢ 0.989e
Li2Se —0.874e 0.663e —0.545e 0.581e —0.864e 0.671e —0.858e 0.998e
3.2. ZnS-FeS RRGHILEIX LiPSs fELHLIE
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Figure 4. (a)~(c) calculated work functions of FeS, ZnS, and the ZnS-FeS heterostructure; (d)~(f) LiS decomposition energy
barriers on FeS, ZnS, and the ZnS-FeS heterostructure; (g) Gibbs free energy profiles for SRR on the ZnS-FeS surface at
equilibrium potential, with the inset illustrating the adsorption energies for Li2Sn
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R S R LV T 22 B A M A B ) AR 57 5 TR AR ARG I L, T R A L R B S R A T R
JREEM RN ST TE R . A SRR T AR SR AR R G ZE 1) ZnS-FeS 5045 FL I . FeS. ZnS IR i 45 1) Ty of
ot R 4(@)~(c) . 45 R SR, ZnS-FeS F i 45 I ek £y 4.653 eV, R AK T 5 —4H 73 (1) ZnS
(5.99 eV) 1 FeS (4.807 eV). Zw i 25 HE )= I tH A0 S 1t Be,  FLRR VR T+ 45 Ak ve A 28 70 A1 15 148
AN, G T RENRE N, MIMITESS XA 1 i 240 P 2 fi 7 (BIER) SRk FE 1 1) % S T I #%
WEAh, B0 78 H I AR R N SR IR [ - TR A D IR, RSO HRRE 2204 T T b, i 4(d)~ () EIR, ZnS-
FeS S 45 L5 X LioS /it hE £2 I B4k FeS 19 0.77 eV BE[% % 0.52 eV, T4l ZnS KRN Eik 1.79 eV,
ZnS-FeS 5l 45 EARKIY HUAE 2238 S T LioS DA FIER SR RN, $&TF 7 st [ B3R

Kl 4(g) T AL E2 5] ZnS-FeS W Bt #4284 (1) LiPSs 43 LA—Fh i bl L T A e s AR e A7 7E o Bk,
ZEAI R —A Li JR 75 FeS BRI S A7 s g, 171 5 —A Li JEF W5 ZnS BRI S A7 sl piE, I
HEHmh e —A S T RN 5 ZnS LR A Zn A7 S . XM 2 A7 8. B S i 2 A4t T
Ee— MR R e . BB B2 S A 00T, IR 0 TR e ik, bRtk T 2 R
WeBftfE. JuiE B #T LiPSs 5 ZnS-FeS FHEHIAH AR, 15 7 M LioSe 2 LizS % B Brh A ™~ #){E ZnS-
FeS 45 X W M AE (14 4(g)Fd ). 45 2R, ZnS-FeS Xf LizS. LizSy. LiaSas LiaSe A1 LioSe W I E 2 51
Jy-3.43eV. —3.08eV. —2.22eV. —1.8eV f1-1.832 ev. il xS L] %1 ZnS-FeS 5T 45 % BT A LiaSn HIWL
Bt Re¥ N = T AR, o R A AR o X PR B B T (01 5 5 T = A b A e R T
FRINFH, T AR SR AH FLAE P PR AR A RIS SR AN o K A 2 S B AR SR BN LiPSs sk ThRE 1Sk
A, BeH SO LiPSs [ 5E 75 AR, a2k AR BT e Bl . BRIE SR SLIRIB) ) 24T A A
AR RE R SSEE R AR, 14 4(0) 0075 A 7 B e 2R T5 BNT  , ZnS-FeS 5t i 45 14 s B i 25 A7 Ak
T LioSa a1 AH LioSe AP B, (R s P e 22 CFF % 0.455 eV, (KT H—414) FeS ) 0.506 eV
5 ZnS #70.822 eV, EMEIE 1 1% 5% ot 45 5000 5 1 B pRe AL v 12 o

4, &Eig

ARCHET BB, WET T SRR Sk ZnS M4 @ FeS K LR 45 ZnS-FeS /F AT HE
b LiPSs AL ML 56317 B8 ZnS FE A5 HAR MR 1H R L 6 LiPSs s b4 B AE 71, REA Bk v
P R A S TE FEL R T, (HLBRIE R R N ) R 22 =iiA 0.822 eV, ML IEAha) 11 v gNg . &Rtk
FeS EARMA BAR MBI 1254822 0.506 eV, REWSHA AR EIE (¥ fa T4, (HILXT LiPSs WL B &E S AH XS
B, MELAMARAS BB R AR 8 X PRI S 1 2 MR NAET &, 84545 G it s 4 o Ak
HMECASEHL LiPSs 1) “BiRffigh” 5 “PEL” MI5ERG—. F0IX— O mE, RAIE T ZnS-FeS 7 i
g, EHLRM, ZnS-FeS R4 BT LiPSs [ it AE /1358 T 5415y ZnS F1 FeS, HHGCEEMITRIL )5 )
L E AP BE 224 0.455 eV, AMUZAKT ZnS, KT FeS [ 0.506 V. LiPSs 73 7E ZnS-FeS 5 )i 45X
TR T — R (05 S 2 e . A —A Li JR 5 FeS LRI S A7 ke, H—4 Li i T
5 ZnS SR S AL, F 2 AT —A S IR ZnS BYRH Zn AL th4h, Bader H
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AR T Z R, BB N M T MR RS ), BB T A R R GRS, I T
BB N B) J1%

SE

[1] Liu, R., Wei, Z., Peng, L., Zhang, L., Zohar, A., Schoeppner, R., et al. (2024) Establishing Reaction Networks in the 16-
Electron Sulfur Reduction Reaction. Nature, 626, 98-104. https://doi.org/10.1038/s41586-023-06918-4

[2] Bi, C., Hou, L., Li, Z,, Zhao, M., Zhang, X., Li, B., et al. (2023) Protecting Lithium Metal Anodes in Lithium-Sulfur

DOI: 10.12677/japc.2026.151002 13 Ly PR R=Svi


https://doi.org/10.12677/japc.2026.151002
https://doi.org/10.1038/s41586-023-06918-4

GRUE, ARG

(3]

(4]
(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
(18]
[19]
[20]
[21]
[22]

[23]

Batteries: A Review. Energy Material Advances, 4, Article I1D: 0010. https://doi.org/10.34133/energymatadv.0010

Liu, D., Zhang, C., Zhou, G., Lv, W., Ling, G., Zhi, L., et al. (2018) Catalytic Effects in Lithium-Sulfur Batteries:
Promoted Sulfur Transformation and Reduced Shuttle Effect. Advanced Science, 5, Article 1700270.
https://doi.org/10.1002/advs.201700270

Ting, L.K.J,, Gao, Y., Wang, H., Wang, T., Sun, J. and Wang, J. (2022) Lithium Sulfide Batteries: Addressing the Kinetic
Barriers and High First Charge Overpotential. ACS Omega, 7, 40682-40700. https://doi.org/10.1021/acsomega.2c05477

Haridas, A.K. and Huang, C. (2023) Advances in Strategic Inhibition of Polysulfide Shuttle in Room-Temperature So-
dium-Sulfur Batteries via Electrode and Interface Engineering. Batteries, 9, Article 223.
https://doi.org/10.3390/batteries9040223

Liu, R., Tao, W., Du, Y., Wu, C,, Ye, H., Fan, M., et al. (2022) ZnS-Nanoparticle-Coated Carbon Cloth as an Efficient
Interlayer for High-Performance Li-S Batteries. ACS Applied Energy Materials, 5, 12408-12414.
https://doi.org/10.1021/acsaem.2c02021

Wang, J., Chen, L., Zhao, B., Liang, C., Wang, H. and Zhang, Y. (2023) Porous Nb205 Formed by Anodic Oxidation
as the Sulfur Host for Enhanced Performance Lithium-Sulfur Batteries. Nanomaterials, 13, Article 777.
https://doi.org/10.3390/nan013040777

Yao, Z., Zou, Y., Liu, S., Li, Y., Guo, Q., Zheng, C., et al. (2025) Reactivity Descriptors for Sulfur Redox Kinetics in
Lithium-Sulfur Batteries: From Mechanistic Insights to Machine Learning Driven Catalyst Design. Chemical Society
Reviews, 54, 9161-9191. https://doi.org/10.1039/d5¢s00324e

Peng, L., Wei, Z., Wan, C., Li, J., Chen, Z., Zhu, D., et al. (2020) A Fundamental Look at Electrocatalytic Sulfur Re-
duction Reaction. Nature Catalysis, 3, 762-770. https://doi.org/10.1038/s41929-020-0498-x

Zhou, G., Tian, H., Jin, Y., Tao, X,, Liu, B, Zhang, R., et al. (2017) Catalytic Oxidation of Li 2 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

Huang, Z., Wang, Z., Zhou, L. and Pu, J. (2024) Research Progress in Performance Improvement Strategies and Sulfur
Conversion Mechanisms of Li-S Batteries Based on Fe Series Nanomaterials. Nano Research, 17, 8045-8067.
https://doi.org/10.1007/s12274-024-6789-9

Li, H., Chen, C,, Yan, Y., Yan, T., Cheng, C., Sun, D., et al. (2021) Utilizing the Built-in Electric Field of P-N Junctions
to Spatially Propel the Stepwise Polysulfide Conversion in Lithium-Sulfur Batteries. Advanced Materials, 33, Article
2105067. https://doi.org/10.1002/adma.202105067

Luo, Y., Zhang, Z., Wang, Y., Zheng, Y., Jiang, X., Zhao, Y., et al. (2025) A Review of the Application of Metal-Based
Heterostructures in Lithium-Sulfur Batteries. Catalysts, 15, Article 106. https://doi.org/10.3390/catal15020106

Sun, Z., Wang, Y., Xu, J. and Wang, X. (2024) Mo3p/Mo Heterojunction for Efficient Conversion of Lithium Polysul-
fides in High-Performance Lithium-Sulfur Batteries. Frontiers in Chemistry, 12, Article ID: 1459324,
https://doi.org/10.3389/fchem.2024.1459324

Zhou, T., Lv, W., Li, J., Zhou, G., Zhao, Y., Fan, S., et al. (2017) Twinborn TiO2-Tin Heterostructures Enabling Smooth
Trapping-Diffusion-Conversion of Polysulfides Towards Ultralong Life Lithium-Sulfur Batteries. Energy & Environ-
mental Science, 10, 1694-1703. https://doi.org/10.1039/c7ee01430a

Qin, B., Wang, Q., Yao, W, Cai, Y., Chen, Y., Wang, P., et al. (2023) Heterostructured Mn3Os-MnS Multi-Shelled
Hollow Spheres for Enhanced Polysulfide Regulation in Lithium-Sulfur Batteries. Energy & Environmental Materials,
6, e12475. https://doi.org/10.1002/eem2.12475

Dominguez, J. E. Q., Christiansen, M. P. V., Neyman, K. M., Hammer, B., & Bruix, A. (2025) Efficient Grand Canon-
ical Global Optimization with On-the-Fly-Trained Machine-learning Interatomic Potentials. Arxiv:2509.19968.

Kresse, G. and Furthmdller, 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

Perdew, J.P., Burke, K. and Ernzerhof, M. (1996) Generalized Gradient Approximation Made Simple. Physical Review
Letters, 77, 3865-3868. https://doi.org/10.1103/physrevlett.77.3865

Grimme, S., Hansen, A., Brandenburg, J.G. and Bannwarth, C. (2016) Dispersion-Corrected Mean-Field Electronic
Structure Methods. Chemical Reviews, 116, 5105-5154. https://doi.org/10.1021/acs.chemrev.5b00533

Sanville, E., Kenny, S.D., Smith, R. and Henkelman, G. (2007) Improved Grid-Based Algorithm for Bader Charge Al-
location. Journal of Computational Chemistry, 28, 899-908. https://doi.org/10.1002/jcc.20575

Zhang, R., Guo, J., Chen, L. and Tao, F. (2025) Adsorption and Decomposition Mechanisms of Li2s on 2D Thgraphene
Modulated by Doping and External Electrical Field. Materials, 18, Article 3269. https://doi.org/10.3390/ma18143269

Dzade, N.Y., Roldan, A. and de Leeuw, N.H. (2014) The Surface Chemistry of Nox on Mackinawite (FeS) Surfaces: A
DFT-D2 Study. Physical Chemistry Chemical Physics, 16, 15444-15456. https://doi.org/10.1039/c4cp01138d

DOI: 10.12677/japc.2026.151002 14 Bk Sei


https://doi.org/10.12677/japc.2026.151002
https://doi.org/10.34133/energymatadv.0010
https://doi.org/10.1002/advs.201700270
https://doi.org/10.1021/acsomega.2c05477
https://doi.org/10.3390/batteries9040223
https://doi.org/10.1021/acsaem.2c02021
https://doi.org/10.3390/nano13040777
https://doi.org/10.1039/d5cs00324e
https://doi.org/10.1038/s41929-020-0498-x
https://doi.org/10.1073/pnas.1615837114
https://doi.org/10.1007/s12274-024-6789-9
https://doi.org/10.1002/adma.202105067
https://doi.org/10.3390/catal15020106
https://doi.org/10.3389/fchem.2024.1459324
https://doi.org/10.1039/c7ee01430a
https://doi.org/10.1002/eem2.12475
https://doi.org/10.1103/physrevb.54.11169
https://doi.org/10.1103/physrevlett.77.3865
https://doi.org/10.1021/acs.chemrev.5b00533
https://doi.org/10.1002/jcc.20575
https://doi.org/10.3390/ma18143269
https://doi.org/10.1039/c4cp01138d

GRUE, AL

[24]

[25]

[26]

[27]

Dengo, N., Vittadini, A., Natile, M.M. and Gross, S. (2020) In-depth Study of ZnS Nanoparticle Surface Properties with
a Combined Experimental and Theoretical Approach. The Journal of Physical Chemistry C, 124, 7777-7789.
https://doi.org/10.1021/acs.jpcc.9b11323

Tian, H., Lei, Y., Sun, B., Yang, C., Chen, C., Huang, T., et al. (2025) P-d Orbital Hybridization Induced by Transition
Metal Atom Sites for Room-Temperature Sodium-Sulfur Batteries. National Science Review, 12, nwaf241.
https://doi.org/10.1093/nsr/nwaf241

Wang, X., Huang, H., Liang, B., Liu, Z., Chen, D. and Shen, G. (2013) ZnS Nanostructures: Synthesis, Properties, and
Applications. Critical Reviews in Solid State and Materials Sciences, 38, 57-90.
https://doi.org/10.1080/10408436.2012.736887

Guo, J., Chen, L., Wang, L., Liu, K., He, T., Yu, J.,, et al. (2025) Te-Modulated Fe Single Atom with Synergistic Bidi-
rectional Catalysis for High-Rate and Long-Cycling Lithium-Sulfur Battery. Nano-Micro Letters, 18, Article No. 31.
https://doi.org/10.1007/s40820-025-01873-3

DOI: 10.12677/japc.2026.151002 15 Ly PR R=Svi


https://doi.org/10.12677/japc.2026.151002
https://doi.org/10.1021/acs.jpcc.9b11323
https://doi.org/10.1093/nsr/nwaf241
https://doi.org/10.1080/10408436.2012.736887
https://doi.org/10.1007/s40820-025-01873-3

	第一性原理研究MS (M = Fe, Zn)的LiPSs催化性能
	摘  要
	关键词
	First-Principles Study on LiPSs Catalytic Performance of MS (M = Fe, Zn)
	Abstract
	Keywords
	1. 引言
	2. 计算方法
	3. 结果与讨论
	3.1. LiPSs在FeS和ZnS表面的催化机理
	3.2. ZnS-FeS异质结的结区LiPSs催化机理

	4. 结论
	参考文献

