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Figure S1 XRD patterns curve of the CNF.



SEM images

Figure S3. (a) SEM image of cut V,S; nanofibers, and (b) cross-section view SEM image of a
CNF@ V,S; composite nanofiber.



Raman pattern
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Figure S4 Raman spectrum of CNF@V,S;, CNF@VO,9 and CNF.

XPS spectra of O 1s cores
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Figure S5 O elemental signal image of XPS of CNF@V,S; (a) CNF@VOy, (b) and CNF (c).

To make clear the origin of oxygen, the high-resolution O Is XPS spectra of

CNF@V,S;, CNF@VO, 4 and pure CNFs have been studied together. As presented in



Figure S4, the O 1s XPS peak of CNF@V,S; are similar with that of the pure CNFs,
and can be decomposed into two components, located at 533.5 and 532.0 eV,
respectively; while the O 1s XPS peak of CNF@VO,4 can be decomposed into three
components, located at 533.5, 532.0, and 529.9 eV, respectively. The peak at 529.9 eV
corresponds to the V-O bonds, the peaks at 533.5 and 532.0 eV are often caused by the

adsorbed H,O and CO, molecules in air, respectively.!

Optical photos

Figure S6 Photos of battery separator (a), the cycled battery separators of CNF@V,S3/S(b),
CNF@VO,4/S(c) and CNE/S (d).
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TGA data
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Figure S7 (a) The TGA curve of CNF@V,S;/S composite electrode. (b) The TGA curve of
CNF@V,S; electrode in air.

For the analysis of TGA curve of CNF@V,S; electrode in air as shown in Figure
S7b, the final phase after calcination is V,Os, therefore, the V,05 content is about 30
wt.%. According to V element mass balance (Formula 1), the V,S; content is 32.7 wt.%,

and the content of the carbon is about 67.3 wt%.

V,S;+ 0, — V,05 [1]

Cross-section SEM image

Figure S8 Thickness of CNF@V,S; electrode



CV analysis

Table S1. Positions of reduction peaks in the CV curves. 2

First reduction peak (V)

Second reduction peak (V) D-value (mV)

CNF@V,S3/S 2.054

2.325 271
CNF@V O,/
2.029 2.307 278
S
CNF/S 2.026 2.308 282
Ref.2 2.03 2.31 280
Ref.3 2.04 2.31 270
Ref.4 2.01 2.33 320
Ref.5 2.01 2.29 280
Ref.6 1.95 2.25 300
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Figure S9 The initial five cycles of CV curves for (a) CNF@V,S;/S, (b) CNF@VO,4/S and (c)
CNF/S. The Vanadium-based LSB comparison of the reduction peak position (d) in the

recent literature 2-¢
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Electrochemical performance of host
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Figure S10 The electrochemical performance of CNF@V,S; based compounds without sulfur.



Capacity contribution ratios
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Figure S11 Capacity contributions of soluble Li,S4, Li,Ss and Li,Sg conversion (I) and

insoluble Li,S,/Li,S conversion (II) and the corresponding capacity ratios (I1/1) at different rates
for the (a) CNF@V,S; , (b) CNF@VO,,/S and (c) CNF/S cathodes.

Due to the relatively slow reaction kinetics of intermediate LiPSs, it is difficult to
convert them into the final reduction products Li,S/Li,S, completely during the
reduction II, often resulting into an II/I ratio less than 3. Thus, the closer the ratio is to

3, the higher the reversible specific capacity is.



Calculation of reduction resistance

The calculation way of in situ reaction resistance: The difference between quasi-
open-circuit potential and closed-circuit potential is used to calculate the over-
potentials, and then the in-situ reaction resistance can be calculated as,’

AU

R ,
mxJ

2]

where, AU is the over-potential, m is the mass loading of sulfur, and J is the

charge/discharge current density.
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Figure S12 Long cycle comparison of the rate capabilities (a) and decay rate (b) of
CNF@V,S5/S in the recent literature. 3.5 8-11
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Quasi in-situ SEM image

- 3l
Figure S13 SEM images of the CNF@V,S3/S cathodes: (a-b) before cycling, (c-d) after
100 cycles at 2 C, and (e-f) after 1000 cycles at 2 C, respectively.

EIS spectra
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Figure S14 (a) The EIS curves of CNF@V,S;/S, CNF@VO,o/S and CNF/S. Inset: the
magnified high frequency region. (b) Nyquist plots of the CNF@V,S;/S composites electrode
before activation and after activation. Inset: the magnified high frequency region.
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Table S2. Corresponding fitting result of Rs and Rct values for the Nyquist plots.

Slope of low
Ry R
frequency region

CNF@V,S3/S 0.27 2.63 1.46
CNF@VO,,/

0.28 3.82 0.97

S
CNF/S 1.10 3.97 0.62

Table S3. Corresponding CNF@V,S;/S result of Rs and Rct values for the Nyquist plots.

Slope of low
R, R
frequency region
ocyv 0.28 15.2 0.83
After activation 0.27 2.63 1.46

The obtained Nyquist plots were semicircular at the high frequency section and
increases sharply at the low frequency section. In the high band, the real left intersection
(-Z’) is related to the series resistance (R;).!?> The semi-circular region in the plots
corresponds to the charge transfer resistance (R,,), indicting the interface resistance of
the electrolyte and the electrode surface. In the low frequency region, the greater the
slope of the curve, the greater the diffusion rate of the Li ions in the electrolyte, even
the proximity of 90° may ignore the diffusion resistance.'?

EIS spectra shown in Fig. S12 indicates that compared to CNF@V O, ¢/S and CNF/S
cathodes, the CNF@V,S;/S ones show a smaller series resistance (R,) and a charge
transfer resistance (R.,),'!? again indicating an enhanced electron/ion kinetics.!*>  And,
the curve slope in the low-frequency region of CNF@V,S;/S cathodes is much larger
than those of CNF@VO, /S and CNF/S ones, further implying a higher diffusivity of
electrolyte ions in CNF@V,S;/S cathodes.
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GITT analysis
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Figure S15 (a-c) GITT potential response curve with time for one typical discharge step of
CNF@V,S;/S, CNF@VO,4/S and CNF/S. Inset: GITT profiles of the discharging process
selected rest discharge-rest period.

GITT measurement was performed by a current density at 0.2 C for 10 min and

rest intervals for 10 min. The Fick’s second law using the equation estimated the Li*

diffusion coefficients in CNF@V,S3/S electrode: !4 13

_ 4‘ mBVm 2 AE‘S 2

D .
Li T\ MgS r(dET/d\/?)

[3]
If the potential vs. 1y, (t is pulse current duration time) displays a linear behavior,
equation diffusion can be further simplified as below:

4 mgV._. ) AE )

D L =—
Li T MBS AET

, [4]
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Table S4 Li-ion diffusion rates between cathode and electrolyte

Samples Second reduction peak (cm? s)
CNF@V,S;/S 2.857x10°
CNF@VOy,/S 1.554x107

CNF/S 1.645x107

Optical photo

Figure S16 the Optical photo of CNF@V,S;/S cathode after 500 cycles.

Catalytic performance
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Figure S17. a) Schematic illustration of the LiPSs’ conversion on the surface of V,Ss; b) EIS
spectra of CNF@V,S;, CNF@VO, and CNF cells without sulfur addition. c) CV profiles of
CNF@V,S; cells under different scan rates. d) CV curves of CNF@V,S;, CNF@VO, and CNF

cells at 1 mV s; e) Tafel plots of Li,S oxidization on CNF@V,S;, CNF@VO,y and CNF
electrodes.
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Figure S18. The sulfur high loading of CNF@V,S5/S electrode up to 8.1 mg cm: (a) cycle

performance; (b) charge and discharge profiles.

Self-discharge formula

We define the self-discharge rate as the ratio of lost discharge capacity to initial

capacity:

C..—Cg
Self - discharge rate = it I 100%
Cini , [5]

where C;; is the initial discharge capacity and Cg;, is the retention capacity.'®
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