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I . Supplementary Results and Discussion

Figure S1. SEM images of Sb,S; nanorods (a), Sb,S;@PDA (b), Sb/Sb,S;@CHT (c¢),

respectively.
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Figure S2. (a) TEM image of Sb,S; nanorods. (b-c) Statistical distribution diagram of

the length and diameter of Sb,S; nanorods. (d) TEM image of Sb,S;@PDA. (e-f)

TEM images of Sb/Sb,S;@CHT.
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Figure S3. SEM (a) and TEM (b) images of commercial Sb powders.
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Figure S4. (a)XRD patterns of Sb/Sb,S; hybrids with different mass ratios. (b) The
relationship between Igyss/lsp, and the mass ratio of Sb,S; in Sb/Sb,S; hybrid. The

Isms:/Isp 1s calculated by 14/(Ig-14/0.8586). In pure Sb,S; pattern, 1,/Ig=0.8586. The

star symbol is the value estimated by the XRD pattern of Sb/Sb,S;@C.
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Figure S5. N, adsorption-desorption isotherm curve of Sb/Sb,S;@CHT.
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Figure S6. Thermogravimetric curve of Sb/Sb,S;@CHT.
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Figure S7. (a) XPS survey spectrum and (b) High-resolution S 2p spectrum of

Sb/Sb,S;@CHT.
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Figure S8. The first three CV curves of Sb,S; anode with a scanning rate of 0.05 mV
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Figure S9. The first three CV curves of Sb anode with a scanning rate of 0.05 mV s
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Figure S10. XRD patterns of Sb/Sb,S;@CHT anode at different charge/discharge

states.
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Figure S11. The first GCD curves of commercial Sb powders, as-prepared Sb,S;

nanorods and Sb/Sb,S;@CHT.
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Figure S12. Equivalent circuit model used to fit EIS. R, presents the ohmic resistance
of electrode; C and Ry are the capacitance and the SEI impedance; W presents the
Warburg impedance; R stand for charge transfer resistance; Q is associated with the

the double layer capacitance and passivation film.!
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Table S1. The values of R and R; obtained by circuit simulation based on ex-situ

EIS.
Discharge
2.68 1 0.8 0.6 0.5 0.4 0.3 0.2 0.1 0.01
voltage (V)
R (Q) 10300 8200 3800 3125 3348 3329 3109 3067 3517 3405
R{(Q) 129800 9337 11730 7644  4.189  4.891 5505 5.624 5.608  5.865
Charge
0.5 0.6 0.7 0.8 1.0 1.2 1.4 1.8 2.0 2.5
voltage (V)
R, (Q) 3773 3223 1933 2101 2032 1950 2114 1913 1906 1676
R{(Q) 5.17 5.745 10.9 12.65 1291 13.13 1343 1224 12.04 14.64
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Table S2. Comparison of Sb/Sb,S;@CHT anode with other Sb-based materials in

terms of rate and cycle performances.

Materials Ref

Sb/Sb,S;@CHT (This

work)

Sb@CN nanofibers 2

SnSb 3

Sb-Co #

Sb-NPs@PC 5

Sb@RGO ¢

Sb/Na—Ti3C2T U

Sb@CNFs 8

Sh,Se;@C microtube °

SbZSe3@
NC@rGO 10

Sh,0;-RGO !

Sb,S;@C 2

Sb/CNS 13

Rate performance

608.9 mAh g! at 50 mA g!
173.2 mAh g at 2000 mA g!

324.72 mAh g at 300 mA g!
243.58 mAh g'! at 500 mA g!

551 mAh g! at 50 mA g-!
160 mAh g! at 2000 mA g!

381 mAh glat 100 mA g'!;
222 mAh g'at 1000 mA g!

127.0 mAh g 'at2.0 A g’!

448 mAh g'lat 100 mA gl;
121 mAh g'at 2000 mA g!

500.4 mAh g! at 50 mA g!
173.8 mAh g at 2000 mA g!

595 mAh g at 50 mA g!
130 mAh g'! at 1000 mA g!

326 mA h g'at 100 mA g'!
172 mA h gl at 1000 mA g'!

548 mA h gl at 50 mA g’!
163 mA h g at 1000 mA g!

395.5mA h g at 50 mA g’!
101.4 mA h g'!' at 2000 mA g!

14

Cycle stability

400.9 mA h g'! at 200 mA g! after 200 cycles;
147.5 mA h g at 1000 mA g after 3500 cycles

212.7 mAh g'!

at 5 A g1 after 1000 cycles

282 mAh g'! at C/5 after 40 cycles

402.7 mAh g at 60 mA g! after 100 cycles

497 mAh g! at 100 mA g! over 100 cycles

210 mA h gl at 500 mA g'! for 200 cycles

258 mAh gl at 0.5 A g after 1200 cycles

338 mA h gl at 200 mA g! after 200 cycles;
227 mA h gl at 1000 mA g! after 1000 cycles

191.4 mAh g'! at 500 mA g! after 400 cycles

250 mAh g! at 500 mA g after 350 cycles

309 mAh g at 100 mA g! after 100 cycles;
201 mAh g'!' at 500 mA g! after 3300 cycles

293 mAh g'! at 50 mA g'! after 50 cycles

247 mAh g!' at 200 mA g after 600 cycles



szS3—rGO 14

Sn-Sb 1

Sb—C-rGO '¢

Sb-P-C V7

Sb/RGO '8

SnSb-G-C °

Sb-G-C 20

Sb@G@C 2!

509 mA h g'!at 100 mA g'!
286 mA h g at 1000 mA g!

479 mA h gl at 100 mA g!
118 mA h g! at 5000 mA g!

388 mA h g at 200 mA g’!
195 mA h gl at 1500 mA g'!

207.27 mAh g at 1000 mA g!

120.83 mAh g at 1000 mA g’!

127 mA h g'! at 2000 mA g'!

110 mAh g at 50 mA g'! after 50 cycles

296 mAh g at 500 mA g after 150 cycles

245 mAh g at 500 mA g! after 100 cycles

402 mAh g at 50 mA g'! after 50 cycles

250 mAh g'! after 100 cycles

275.14 mAh g'!' at 100 mA g'! after 100 cycles

204 mAh g at 100 mA g after 100 cycles

160 mAh g'!' at 1000 mA g! after 800 cycles
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Figure S13. SEM image of Sb/Sb,S;@CHT anode after rate test.
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Figure S14. TEM image of Sb/Sb,S;@CHT after rate test.
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Figure S15. (a) CV curves of Sb anode scanned at various rates. (b-g) Capacitance
contribution of Sb anode scanned at various rates. (h) Comparison of

capacitance-controlled and diffusion-controlled contribution of Sb anode at various

scanning rates.
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Figure S4. (a) CV curves of Sb,S; anode scanned at various rates. (b-g) Capacitance
contribution of Sb,S; anode scanned at various rates. (h) Comparison of

capacitance-controlled and diffusion-controlled contribution of Sb,S; anode at various

scanning rates.
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20



(b)
0.1+ T
< <
E 004 _ E o 4022%
= t
& @
[
g -0.14 g 0.2
o o
-0.24 02mvs" 0.4 04mvs"
L) L) L) L) L) T L) L) L) L) L) T
00 05 10 15 20 25 00 05 10 15 20 25
Potential (V) Potential (V)
(c) (d)
0.2 0.31
< i < -
£ 004 48.66% 4 £ 0.0 53.13%
Y -
0 :
= -0.24 ﬂt’_oa_
3 S
o
E 0.6mVs’ 0.8mVs"
0.6+
L) L) L) L) L) T L) T T T L) T
00 05 10 15 20 25 00 05 10 15 20 25
Potential (V) Potential (V)

Figure S18. Capacitance contribution of Sb/Sb,S;@CHT anode scanned at 0.2 mV s-!

(a), 0.4 mV s’ (b), 0.6 mV s! (¢) and 0.8 mV s! (d), respectively.
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Figure S19. The comparison of capacitive contribution of Sb, Sb,S; and

Sb/Sb,S;@CHT half-cells at different scan rate.
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Table S3. The values of R obtained by circuit simulation based on the EIS before

and after cycles.

Cycle
y 0
number
R () 10300
R{(Q) 558500

20

1621

6.87

60

1077

2.49

100

553.1

15

23

140

527.1

14

180

350.3

8.38

220

513.1

9.63

260

476

9.08

300

405.8
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Figure S20. The R change of Sb/Sb,S;@CHT anode before and after cycles.
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Figure S22. GITT curves and calculated K* diffusion coefficient of Sb anode tested at

the first three cycles.
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Figure S23. GITT curves and calculated K* diffusion coefficient of Sb,S; anode

tested at the first three cycles.
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Table S4. Averge K* diffusion coefficients during different charge/discharge process.

Averge 1st 1st 2nd 2 nd 3rd 3rd
Log(D/cm?-s1) (discharge) (charge) (discharge) (charge) (discharge) (charge)
Sb/Sb,S;@CHT -11.1715 -9.38319 -10.7128 -9.45759 -10.6369 -9.47826
Sb,S; -11.9805 -9.92718 -11.5657 -10.1344 -11.3179 -9.97929
Sb -13.1349 -11.5462 -12.716 -11.7051 -12.48 -11.1642
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o -10
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S
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Figure S24. Comparison of averge K* diffusion coefficients of Sb, Sb,S; and

Sb/Sb,S;@CHT anodes.
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Figure S26. (a) Rate performance of Sb/Sb,S;@CHT with 1 M KFSI in EC/DEC as
electrolyte. (b) Cycle performance of Sb/Sb,S;@CHT at 200 mA g! with 1 M KFSI

in EC/DEC as electrolyte.
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