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Figure S1. (a-c) Top view representations of Li,S, diffusion pathways on the M-Nb,Os (001)
surface and (d) the corresponding energy profile.
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Note: The cyan, red, purple and yellow spheres represent Nb, O, Li, and S, respectively.

Figure S2. Digital photos of the typical Nb,Os-NbC/CNF-PS: (a) the multilayer-folded. (b) the
bended.
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Figure S3. SEM (a, b) and TEM (c) images of the pure CNF.




Figure S5. SEM images of the typical Nb,Os-NbC/CNF-PS.
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Figure S6. XRD patterns. (a) Nb,Os-NbC/CNF-PS
NbC/CNF pyrolized at 900°C or 1000°C.
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Figure S7. XPS of the typical Nb,Os-NbC/CNF-PS and Nb,Os-NbC/CNF without PS.
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Figure S8. Pore size distribution plots of the typical Nb,Os-NbC/CNF-PS and Nb,Os-NbC/CNF
without PS.
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Figure S9. TG plot of the C/S composite.
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Figure S10. SEM (a, b), TEM (c) images and XRD pattern of the Nb,Os-NbC(L)/CNF-PS.
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Figure S11. Electrochemical performance of the Li—S batteries with Nb,Os-NbC(L)/CNF-PS. (a)
Cycle stability, (b)Rate, and (c)The discharge-charge profiles.

800
a = —=—Nb,0,-NbC (L) /CNF-PS
<
éﬁoo.\
2
8
400+
©
o
o
D200
©
- 1.C
2 o
a o 50 100 150
Cycle number

200

b :11200-_\ T Nb,0,NbC (L) /CNF-PS E ,a]—01C Nb,0,-NbC (L) /CNF-PS
< t.
e LT =55
> " =
5 8001 \02cC 01C ;i“
Sres 0.5C gt 44
8 600 —_1C_ ¢ >
© m—
o D224
o 400 =
) =
5 2.0
S 200 9
Q
B0 1.8 . . . - . -
8 0 10 20 30 40 50 60 0 200 400 600 800 1000 1200

Cycle number

Figure S12. Cycle stability of the Li—S batteries without an interlayer.

=)

_:1000'| without = 01C
< 02cC
£ 8001 05C
- 1c
G 600

© A

e A

8 400

% N
5 2004 S~
=

3]

2 o - -

a o 100 200

Cycle number

Capacity (mAh g™)

Figure S13. The discharge-charge profiles of the batteries with (a) the typical Nb,Os-NbC/CNF-PS
(b) Nb,Os-NbC/CNF and (c) CNF.
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Figure S14. SEM images after 100 cycles: Sulfur cathode (a) without and (b) with the typical
Nb,O5-NbC/CNF-PS, lithium anode (c) without and (d) with the typical Nb,Os-NbC/CNF-PS.
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Figure S15. Electrochemical impedance spectroscopy (EIS) plots of Li—S batteries.
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Figure S16. CV curves of Li-S batteries at various scan rates. (a) with CNF interlayer (b) without
interlayer.
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Figure S17. CV curves of the symmetric cell

employing Nb,Os-NbC/CNF-PS or CNF as
electrode.
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Table S1. The adsorption energy of the representive LiPSs on the optimized configurations of

szOs or NbC.
Optimized conﬁgurations Eadsorption energy Eadsorption energy
towards Li,S¢ | towards Li,S,
(eV) (eV)
Nb,05-0O -5.13 -6.07
NbC-C -4.14 -5.94

Table S2. Conductivity of different samples measured by the four-point probe method.

Samples Nb,Os-NbC/CNF-PS CNF
Conductivity (S cm™) 1.42x102 3.13x10°3

Table S3. Measured BET Surface Area, and the Pore Volume of different samples.

Micropore Mesopore | Total pore
BET surface
Samples volume volume volume
area (m? g')
(em® g) (ecm’g?) | (em®g™)

Nb,Os-NbC/CNF-PS 62.63 0.013 0.074 0.087

Nb,O5-NbC/CNF 29.37 0.0098 0.045 0.055




Table S4. The slope of the curve (Z,/v%).

Samples

Cl C2

Nb,Os-NbC/CNF-PS

0.38177 0.25608

CNF 0.18363 0.19771

Without interlayer 0.032485 | 0.13771

The Li ion diffusion constant can be estimated using the Randles-Sevcik equation[1]:

I,=2.69 x 10°n*2AD'[}v"/?C 1

where I, is the peak current, n represents electron number, A represents electrode area, Dy is the Li

ion diffusion coefficient, C;; is the Li ion concentration in the electrochemical reaction, is the

scanning rate.

Table S5. Lithium ion diffusion coefficients.

DLi+ [sz S-l]
Samples
C1 (cathode peak at 1.8-2.0V) C2 (cathode peak at 2.1-2.4V)
Nb,Os-NbC/CNF-PS 19.69x108 8.86x108
CNF 4.55x108 5.28x108
Without interlayer 1.43x10° 2.56x108

Table S6. Electrochemical performance of some representative recently-reported heterostructures-

containing interlayer/modified separator in the recently-reported literatures.

Initial Capacity Cycling Sulfur
Interlayer/ . Rate . Sulfur
. capacity Cycles | Decay | performance | loading Reference
modified separator 1 Q) : ] ) cathode
(mAh g (cycle ™) (mAh g1 (mg cm™)
800 1 800 | 0.044% 508.5 1.2
Nb205'1;l;C/ CNF- ™ 418 02 | 100 | — 776.4 3 MC/S* | This work
752 0.5 250 | 0.045% 612 4
i ﬁl\g\l (;ara o | 1079 1 300 | 0.096% 768 1-15 | Sulfur 2]
NCM (NbC- 1304 0.2 100 0.24% 988.4
modified 2 Sulfur [3]
separator) 1082 2 1500 | 0.037% 500
1223 0.2 100 | 0.152% 905 12
MoP,/CNT 1035 02 | s00 | — 641 Sulfur [4]
interlayer 2.8
892 1 500 | 0.045% 392.8
1083 1 500 | 0.028% 632.6 0.8-1
Mooé‘eﬁzgsp‘ 1152 01 | 100 | — 790 3.1 CB/S [5]
826 0.2 100 | 0.26% 590 4
SnO, NWs@CP 900 0.2 100 — 886 22 Sulf 6]
. T
interlayer 883 02 | 100 | — 815 4 o




Ni/Si0,/G- 1282 0.2 100 | 0.28% 922
. 1-1.2 S [7]
modified separator 940 300 | 0.085% 699
854 800 | 0.064% 854 1.4-1.6
ReS,@NG ° CNT/S [8]
interlayer 796 1 500 | 0.036% 398 3.27
1055 0.2 250 S 846
CoS,/HPGC 2.5-3 Sulfur 9]
interlayer 743 1 500 | 0.07% 519
i0,-Ti MWCN
Ti0,-TiN 1034 03 | 300 | 0.027% 927 1.0-1.2 [10]
modified separator Ts/S
TiO- 1014.7 0.5 400 | 0.092% 637.2 CMK-3-
TiO,/BNCNF 2.5 [11]
interlayer 650 2 120 _ 598

* MC: mesoporous carbon

Table S7. Electrochemical performance of some representative recently-reported Nb-relative

catalysists in the recently-reported literatures.

Initial Rate ¢ Capacity Cycling Sulfur
ate
Host capacity o) Cycles | Decay | performance | loading | Reference
(mAh g) (cycle)) | (mAhg') | (mgcm?)
800 1 800 | 0.044% 508.5 1.2
Nb,Os- .
NbC/CNF-PS 818 0.2 100 —_— 776.4 3 This work
752 0.5 250 | 0.045% 612
813 3 800 0.05% 500 1.5
HCN@NbC/S [12]
906 0.1 100 0.19% 730 3
S/NbN@NG 948 1 400 0.09% 592 2.4 [13]
1103 0.2 150 — 706.5 1.2-1.7 [14]
Co-NbN/rGO/S
984 1 800 0.07% 404.5
1289 0.5 200 0.14% 913
MCM/Nb,0s/S 1.5 [15]
1196 2 500 — 650
NbS,@S@IG 881 0.5 350 0.07% 856 1.05 [16]
2 515 1 600 — 405 3.25
1279 0.1 100 1006
S—A/T-Nb,Os — 1.5 [17]
902 0.5 800 600
A-Nb,Os_, 902.5 0.2 500 — 615 | (18]
@MCS-S 1126 1 1200 | 0.024% 746.3
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