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Experimental section

1. The preparation process of C HSs

In a typical procedure, after carbonization of Ni-MOF under 450 °C for 6 h, the obtained
Ni/C HSs powder was etched in 2 M HCI aqueous solution under 150 °C for 24 !. After
cooling to room temperature, the C HSs power was collected and washed with
deionized water and ethanol for 3 times, respectively.
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Fig. S1 SEM images of Ni-MOF.
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Fig. S2 SEM images of NiS,/C HSs.
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Fig. S3 SEM images of C HSs.



Fig. S4 TEM images of NiS,/C HSs.
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Fig. S5 The enlarged CV profiles of peak C (a) and peak A (b) of Li-S
batteries with different cathodes. The current of the peak A, peak B and

peak C of the CV profiles (c). The potential difference between peak A and
peak C (d).



a
6 —
N Nis;iC HSs OIS Pealc & Peuk C
w400 ¥
< ik - 50 pA
E Z = 3
o AL F 2020 ,
] = = =
5 50 E £ £
i £ E z 3
2 400 = & C-as 20TV
5 012 0 A
2 00 i
-0.30 L L 1 L I
b ) e S i 25 200 205 210 242 1.4 246 48 250 252 254 2070 2075 2080 2085 2090
Yoltage vs. LVLi" (V) Voltage vs. TiLi" (V) Voltage vs. LilLi* (V) Valtage vw. LWL (V)
£ 40) CHSs Peak A IRt Peak C
< 0.10] S0 pA 50 pA
€29 £ 2101v Z-0.08 =024
E E E B
£ 0 = = =
£ z E =
H £0.05] £ g \
5-20) E 5012 Z 028
H v 50 A 2 1446V < 2058V
540
=
E 0.001 0.1
18 2.0 22 24 2.6 2.00 2.05 2.10 2.44 2.46 248 205 206 2.07
@ Vaoltage vs. Li/Li* (V) Voltage vs. LiLi" (V) Voltage vs. LVLI" (V) Voltage vs. LVLi" (V)
80 Super P 01sf  Peak A |
F 15F  Peak
= * 01 S0 A Eoakh Peak C
- 60 026k | 50 A
2 z T
L0 =z £ Soas |
N EOI0 2103V = z 4
£ = H :
Ew / 5 Z024 : £030
= ~ H . < 24TV < 205V
£ "\ Sousp 0 032
£ \
s S0 A
L= 034
B4 i i i " 1 #aq 2 1 L 1
18 20 22 24 2o 205 210 215 240 242 244 246 203 24 205 2.06
Voltuge vs. LLi* (V) Valtage vs. LilLi™ (V) Voltage vs. LiLi' (V) Voltage vs. Li/Li' (V)

Fig. S6 Onset potential measurement of Li-S batteries with NiS,/C HSs (a),
C HSs (b) and Super P (c). The baseline current are obtained from the
values before the cathodic and anodic peaks, where the value of current
remain almost unchanged and the value of dI/dV~0 2. The onset current is
50 pA beyond the baseline current (50 pA more negative than baseline
current for cathodic peak and 50 pA more positive than baseline current

for anodic peak) 2.
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Fig. S7 The onset potential of Li-S batteries with NiS,/C HSs, C HSs and

Super P.
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Fig. S8 The charge/discharge profiles of the cells with Super P and C HSs.
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Fig. S9 The nucleation overpotential of Li,S of the cells with Super P (a)

and C HSs (b).

Fig. S10 The digital photographs of Li anode disassembled from the Li-S

cells with NiS,/C HSs (a), C HSs (b) and Super P (c).
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Fig. S11 SEM images of Li anode of the cells with C HSs (a-c), Super P

(d-f), and NiS,/C HSs (g, h).
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Fig. S12 The rate performance of the cells with NiS,/C HSs under 2.8

mg/cm?, 5.3 mg/cm? and 7.8 mg/cm? sulfur loadings.



Les Lis, LijS,
Li;SiE Li,S, 5,
Fig. S13 The optimized geometries of Li,S, Li,S,, Li,S4, Li,Se, Li,Sg and

Ss.

Fig. S14 Optimized configurations of polysulfides adsorption on graphene

and NiS,.
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Fig. S15 The charge density difference of polysulfides adsorbed at
graphene and NiS,, in which, blue denoted the decrease of charge and red

denoted charge accumulation.



Table. S1 The electrochemical performance of various cathodes of Li-S

batteries.

Cathode Curr(e(rjl; rate A(r;aglz;tiir)lg A(rrizi liiliiczl;y Ref
NiS,/C HSs 0.2 7.8 6.6 This work
NiS,/C HSs 0.2 53 4.8 This work
NiS,/C HSs 0.2 2.8 3.1 This work
Co,N-G@CNT/S 0.2 4.2 4.4 .
S@CPZC 0.2 9.2 7.1 4
S@CPZC 0.2 5.1 4.7 4
H-S@Co-CNCs 0.2 4.0 2.7 2
CNT-NC@GC/S 0.2 3.36 3 e
S@H-LDH 0.2 1.5 1.3 7
CNF/LPS/CNT 0.2 7.64 3.5 g
S/CoNi@PNCFs 0.2 4.5 4 £
Sb,Se; /rGO 0.2 3 2.9 i
NC/MoS;-SNBs 0.2 5.5 4.5 1
COF-MF@S 3.43 mA cm? 4.1 3.7 12
N-PC@uCo/S 0.2 59 4.8 =
3WO;3-WS,/S 0.5 5.0 4.4 14
3WO;3-WS,/S 0.5 10.0 4.7 14
ZnS, 4x-CC/S 0.1 5.0 3.5 b

NiCoO4/CNF/S 0.1 6.9 4.6 16
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