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Abstract

A heterostructured composite with small MnS nanoparticles dispersed and anchored on nitrogen,
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sulfur-doped carbon sheets (MnS-NSC) had been synthesized through an annealing and sulfuration
route with manganese-based coordination framework as a template. The structure was characte-
rized by X-ray powder diffractometer and photoelectron spectroscopy, and the lithium storage per-
formance was tested by electrochemical workstation, etc. The MnS-NSC composite has stable struc-
ture, multiple active sites, good conductivity and fast ion diffusion rate. As a negative electrode ma-
terial for lithium-ion battery, it has excellent lithium storage performance, cycle stability and rate
performance. The comprehensive chemistry experiment is rich in content and sufficient data, such
as preparation and characterization of nanomaterials, electrochemical performance testing, which
can effectively broaden students’ theoretical and practical skills, improve the relevant knowledge
reserve, cultivate research and innovation ability, and improve comprehensive literacy.
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(I T KRR SO AR LRI 2N 2 (2010~2020 45) ) il BHER mBE i BAE N EE B R R
IRZ S, BRTHAAEIE TR0 SKBRBE I AN BIRTRE Sy, B 3B N I 2 e R A 1]

s — T CLSE IR N FERR IR o B BHARR M SSIR HUA AT R R, 5 SE R IR I AR 55
O PR Tk A AT A S SRR B I8 B L ARSGAIE, 1T B R Lk S AR 3 I S B E L R Y )3
A, HIRHAE B, CUTRIRNAEIRTRETI[2] [3] [4]. RARHIRIUH AR & A SR B0 A T e RS AN ]
e, RASEREENS, HIRFERNE R IFARI T L /7 1) 2R 12 (5]

AR5 LI HE A 6], Ihoe AR RIRE, FBh A T RRR AR R, BRI R,
BRBWIGOH, BFRGERIMAEIREI[7]. MOt IR SRR B SR A TS, AR T8 a2 A
R BT, TR W R SCRE ISR FERK) R JR T, 68 Ml SIS 07 AR (R AN e 36 A i 2 S [8]

HLL SR AR R S BRI P AR BB — 30y, (Rl WA IR TSR, BONHR, SAERR
B AN [9]. ALRG K E B RS E] MnS-RER B B E S AUKA R, IR TR T R, BT
HL AR RERITE T . 2 BRI R S YA AL AR S &, B MORHE & S RAE . #1ES 7l dl
B RAEREMIA . Bl AT S S5 R SEIATT, IR AL A SR AR B H AR, IR BB A
Jrik, BRI SRIRIRERRE . SRt IBHITAUETRE YT, LA AL, BNETER R AA W5 TE B s,
FEEHT TRAA FIEIRER[10]. [Ny, DA TEROVT I, 058 g DR REIARL ™k, 35 3 7R 5%
RRALSE RPULRE. Sef i aRH LW AA .
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Figure 1. Scheme of sythetical strategy of the as-prepared MnS-NSC
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EHHE 6 h 5, FTKOERE =K, B0 5158 Mn-HMTA FCAHESE . H EH 25 1 Mn-HMTA
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3 79 MnS-NSC ] X 5S4t i 7R K. 15 3(a)H Mn 1) 2p 1%t = MEZH AL . Mn-2pg, 11 Mn-2py,
U 53 AT 641.5 eV H1 653.3 eV 4k, 645.3 eV AbIE K W7 LE C-S-Mn . [£] 3(b)H S-2p i Hifz T 160.6.
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Figure 2. XRD diagram of (a) Pure MnS; (b) MnS-NSC
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Figure 3. High-resolution XPS diagram of MnS-NSC (a) Mn-2p; (b) S-2p; (c) C-1s; (d) N-1s
3. MnS-NSC &4 ## XPS Elig(a) Mn-2p; (b) S-2p; (c) C-1s; (d) N-1s
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Figure 4. SEM images of (a) pure MnS; (b) Mn-HMTA precursor; (c)~(e) MnS-NSC; Primary element mapping images of
MnS-NSC: (f) C; (g) N; (h) Mn; (i) S. The scale bar is 2 um

4. SEM i&[E(a) MnS; (b) Mn-HMTA Bi3R#; (c)~(e) MnS-NSC; MnS-NSC LR E; (f) C; (9) N; (h) Mn; (i)
S, FEBIR: 2um

4(a) R4 4(b)SE MnS A1 Mn-HMTA Bi3EY10 SEM . [ 4(a) MnS £8 A EINN kL, 5 R 4E
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FORGEMIFEAARAS, I 4(c). 1 4(d)FIE 4(e) MnS BRI e A b, RFZ 40 nm. & 4(H)~(i) 7t
F AT B IESE MnS 5 TiiB 24 4i & R AT, MnS-NSC ZAM B &It % C (IR ) N ().
Mn (Z0f5). S (SRE)RI5 04
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Figure 5. Thermogravimetric profile of MnS-NSC
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Figure 6. Isothermal nitrogen adsorption (orange)/desorption (blue) curves of (a) MnS and (b) MnS-NSC; (c) Size distribu-
tion of mesopores
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Figure 7. (a) The first three cycles of cyclic voltammetry under a sweeping rate of 0.5 mV-s ; (b) Durable cycling mea-
surement at 100 mA-g*; (c) High-rate performance test; (d) Durable cycling test at 1000 mA-g* of MnS-NSC electrode

& 7. (a) 0.5 mV-s " FHEIEE T MnS-NSC BARTBEIMARERLE; (b) 100 mA-g ' TRETEIFEREBBEIMIN; (c) RN
BEMI; (d) 1000 MA-g™ T MnS-NSC #EER A MM

R FEIR 2287582 MnS-NSC HLIR 1 Fa Ak 24 i T 2 - P 7(a) o 88 — IR BRI 7E 1.02 V 1 1.55 V
HHANE R, 1.55V AEFEIES Litk N MnS A Li,MnS 3¢, 1.02 V AR JRIES Li,MnS 2 A %,
Mn 1 LipS PL R FURRI o> TV BRI 2 AR TR S T R 0% o 28— IR BHARIT A AE 2.02 F1 2.45 V I AN AL
. 2.02 V EALIES Mn 5 Li,S 425 LigMnS 3¢, 2.45V 4L 5 Li,MnS £ /&% LitAl MnS 5%, JLF
FHIFI CV 28R Wk F2 B R4 i ml i

7(b) AR I 1] 78 PG RN W AR TE A MnS-NSC H A il Hi 28 & 7] 34 1928.7 A1 1238.2 mAh-g 7,
H IR (CE)Y) 64.2%. FEIGIAEIE N, CE HiRi# 72 95%LL b, T BAEER. £id 280
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Figure 8. Cyclic voltammetry of (a) MnS and (b) MnS-NSC under different sweeping rates; estimation of b value from the
line correlating log i vs log v (c) MnS and (d) MnS-NSC; column diagram of capacitive contribution of (¢) MnS and (f)
MnS-NSC
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Figure 9. (a) Circuit model and electrochemical impedance spectra of MnS and MnS-NSC; (b) Calculation of ¢ from the line
correlating Zeq Vs o -2
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