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Fig. S1. The color change over time of Ar-plasma and S-plasma.

Fig. S2. The comparative figure. (a) The photograph of stone forest taken at a parallel 

height. (b) The SEM image of the cross-section of SF-NS. (c) The SEM image of the 

surface of SF-NS. (d) The photograph of stone forest taken at a high height. (e) The 

photograph of a castle-like sandpile. (f) The SEM image of the cross-section of SP-

NS. (g) The TEM image of the nanoparticles in SP-NS. (h) The photograph of sand.

The stone forest is an array of irregular stone columns with rocks on the top, just like 

the columnar nickel sulfides covered by blocky nickel sulfides in SF-NS. There is 

space between the stone column in stone forest. Similarly, there is space between 

nickel sulfides in SF-NS. 

SP-NS is a stack of irregular nickel sulfides nanoparticles that are similar with sand. 

Due to the low integration of structure, the nickel sulfides nanoparticles peeled off 

during electrochemistry reaction. The structural instability of SF-NS is also similar to 

sandpile. 
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Fig. S3. The morphology-controllable copper sulfides and copper phosphides 
synthesized in microwave plasma sulfidation method. (a) Tower-like copper sulfides. 
(b, c) Desert-rose-stone-like copper sulfides. (d-f) Walnut-like copper sulfides. (g) 
Cauliflower-like copper sulfides. (h) Lichen-like copper sulfides. (i) Copper 
phosphides.
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Fig. S4. The characteristics of C-NS. The cross-section morphology (a) and surface 
morphology (b) of C-NS after 2 min at low magnification. (c) The EDS mappings at 
the surface of C-NS. The scales are 2.5 μm. (d) The XPS survey spectrum of C-NS. 
(e) The XPS high-resolution spectrum of Ni 2p. (f) The XPS high-resolution spectrum 
of S 2p.

Fig. S5. The characteristics of SF-NS. The SEM images of the top surface (a) and 
cross-section (b) of SF-NS at low magnification. The scale in the inset of (a) is 50 μm. 
(c) The EPMA mappings of the cross-section of SF-NS. (d) The XPS survey spectrum 
of SF-NS. (e) The XPS high-resolution spectrum of Ni 2p. (f) The XPS high-
resolution spectrum of S 2p. (g) The XPS high-resolution spectrum of C 1s.
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Fig. S6. (a) The phase diagram of nickel-sulfur alloy. (b). The DSC spectra of nickel 
foam, C-NS, SF-NS and SP-NS.

Fig. S7. The characteristics of SP-NS. The SEM images of the cross-section (a) and 
top surface (b) of SP-NS at low magnification. (c) The EPMA mappings of the cross-
section of SP-NS. (d) The XPS survey spectrum of SP-NS. (e) The XPS high-
resolution spectrum of Ni 2p. (f) The XPS high-resolution spectrum of S 2p. (g) The 
XPS high-resolution spectrum of C 1s. 
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Fig. S8. The voltage platforms of (a) C-NS, (b) SP-NS and (c) SF-NS.

Fig. S9. The comparison of resistance during C-NS, SF-NS and SP-NS before (a) and 

after 5 cycles (b).
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Fig. S10. (a) The crystal structure of Ni3S2. (b) The continuous network of Ni-Ni 

bonds in Ni3S2. (c) The triangular bipyramids structure in Ni3S2 and the bond lengths.

Ni3S2 possesses a rhombohedral structure, which belongs to the space group R32 with 

lattice constants a=b=c=0.4082 nm and α=β=γ=89.475°. The structure comprises a 

series of interconnected Ni3S2 triangular bipyramids composed of Ni3 triangles and 

apical S atoms those are connected by Ni-S bonds and Ni-Ni bonds (Fig. S10a). The 

interconnected Ni3 triangles form a continuous network of Ni-Ni bonds (Fig. S10b), 

which is advantageous for the transport of electron in Ni3S2. The Ni-Ni/Ni-S bond 

lengths inner and outer the bipyramids are 0.2434/0.2285 and 0.2537/0.2289 nm (Fig. 

S10c), respectively

Fig. S11. The CV curves of (a) C-NS, (b) SP-NS and (c) SF-NS recorded at the scan 

rate from 0.1 to 1.6 mV s−1 between 1.0 and 3.0 V.
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Table S1. Comprision of synthesis routes and capacity retention between present and 

previously work

Cathodes Capacity 
retention

Cycle 
numbers

Current
density

Synthesis 
methods

Synthesis
periods

Solvent-
free

Ni3S2/Ni 
particles on 

carbon fibers 
web1

65% 30 100 
mA/g

Wet chemistry 
method ＞24h No

3D porous 
Ni3S2

2 105% 55 150 
mA/g

Solvothermal 
method 12h No

Ni3S2 
nanoplates on 

Ni foam3
89% 150 100 

mA/g
Hydrothermal 

method 7.5h No

Ni3S2@N-
doped carbon 

nanowires 
arrays4

91% 100 1000 
mA/g

Chemical vapor
deposition 1h Yes

Ni3S2 
nanobowls-

rGO 
composites5

74% 500 231 
mA/g

Wet chemistry 
method ＞5.5h No

Ni3S2@CNT 
paper6 87% 100 300 

mA/g
Electrodeposition

method ＞24h No

Ni3S2 
nanocrystals 

embed in 
hollow carbon 

fibers7

56% 100 100 
mA/g

Bioleaching 
strategy ＞6 days No

Ni3S2 
nanoparticles 

encapsulated in 
interconnected 

N-doped 
porous carbon8

122% 100
100 

mA/g Freeze-drying and 
in-situ conversion ＞2days No

Ni3S2@C/RGO9 80% 80 200 
mA/g

Wet chemistry 
method ＞11h No

Stone-forest-
like nickel 

sulfides [This 
work]

93% 100 500 
mA/g

One-pot plasma 
sulfidation 

reaction
6 min Yes
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