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Synthesis of monocrystalline NiS nanowire arrays (NWAs) with high aspect ratio 

All of reagents were analytical grade and were used without further purification. 

Via a simple hydrothermal method, monocrystalline NiS NWAs supported by Ni 

foam were prepared. Typically, A piece of Ni foam of 1 cm  5 cm size was tread in ×

hydrochloric acid for 45 min, and sequentially cleaned in ethanol and de-ionized 

water for 15 min, respectively. Besides, 1.8269 g thiourea was dissolved in pyridine 

by magnetic stirring until a homogeneous solution was formed. This solution was 

transferred into a 30 mL Teflon-lined stainless steel autoclave. A piece of pre-treated 

Ni foam was immersed in the solution followed by heating at 180℃ for 9 h. After the 

autoclave cooled to room temperature, monocrystalline NiS NWAs supported by Ni 

foam was obtained after washed with ethanol and distilled water several times, dried 

in a vacuum.

Material characterizations 

X-ray diffraction (XRD, Rigaku Ultima III) equipped with a Cu Kα radiation 

source was used to characterize the crystal structures. The stereo surface 

morphologies, chemical composition and the element mapping images were captured 

by Scanning Electron Microscope (SEM, Hitachi, SU 8010) equipped with energy 

dispersive X-ray spectroscopy (EDX, Germany, Bruker Quantax). High-resolution 

transmission electron microscopy (HRTEM, FEI Tecnai F20 S-TWIN) was used to 

analyses the crystal lattice at an acceleration voltage of 200 kV.

Electrochemical Measurement

The electrochemical properties of monocrystalline NiS nano-arrays were studied in 

a three-electrode system with the electrolyte of 3 mol dm-3 KOH solution. A piece of 

platinum sheet was chosen as counter, and the saturated calomel electrode (SCE) was 

selected as the reference electrode. The cyclic voltammogram (CV) were measured by 

an electrochemical working station (CHI660E, Chenghua, Shanghai, China). The 

galvanostatic charge–discharge (GCD) and cycle stability were tested on an Arbin 

electrochemical instrument. Electrochemical impedance spectroscopy (EIS) analysis 

was conducted at open-circuit voltage in the frequency range of 100kHz to 0.01Hz 
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with AC voltage amplitude of 5mV using PARSTAT2273 advanced electrochemical 

system.
The specific capacitance from CV curves was calculated by using the Eqn. S1 as 

followed:

(Eqn. S1)

𝐶𝑠𝑝 =
1

𝑚𝑣(𝑉𝑐 ‒ 𝑉𝑎)

𝑉𝑐

∫
𝑉𝑎

𝐼(𝑉)𝑑𝑉       

Where C (F·g-1), m (g), v(V·s-1), Vc (V) and Va(V), and I (A) are the specific 

capacitance, the mass of the active materials in the electrode, scan rate, high and low 

potential limits of the CV tests, and the instant current on CV curves, respectively.

The areal/mass specific capacitance from GCD curves was calculated by using the 

Eqn. S2/S3 as followed:

  (Eqn. S2)𝐶𝐴 = 𝐼 × ∆𝑡 (𝑆 × ∆𝑡)    

Where CA (F cm-2), I (A), Δt (s), S (cm2) andΔV (V) are the areal capacitance, the 

discharge current, the discharge time, the work area of electrodes and the potential 

charge during discharge.

(Eqn. S3)
𝐶 =

𝐼 × ∆𝑡
𝑚 × ∆𝑣

        

where C (F g-1) is the specific capacitance, I (A) is the discharge current, Δt (s) 

represents the discharge time, ΔV (V) is the potential change during discharge, and m 

(g) is the mass of the active material.
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Fig. S1   XRD patterns of the NiS nanowire arrays supported by Ni foam

Fig. S2   Elemental mappings of Ni and S elements of NiS NWAs stripped from Ni foam
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Fig. S3    Specific capacitance of NiS NWAs at different scanning rates.

Table. S1  Comparison of electrochemical performances of the present NiS NWAs with 
previously reported NiS nanostructures

Samples
Specific 

capacitance
(F g-1)

Current 
density
(A g-1)

Ref.

NiS/GO nanocomposite 800 1 S1

NiSnanospheres/rGO nanocomposite 1169 5 S2

NiS/rGO composite 628.12 2 S3
Hybrid NiS/CoOmesoporousnanosheet arrays 

on Ni foam 1054 6 S4

3D NiS-rGO hybrid nanostructure 852 2 S5

α- NiS NPs/CRs composites 946 2 S6

α- NiS hollow sphere 562.3 0.6 S7

Hierarchical flower-like β- NiS 857.76 2 S8

3D NiS dendritic arrays on Ni foam 404.1 2 S9

Porous NiSnanoflake arrays 718 2 S10
NiS hollow microspheres with mesoporous 

shells 1636.4 2 S11

NiS nanowire arrays 1456.7 3.33 
This 
work
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Table. S2 Comparison of electrochemical performances of the present NiS NWAs with 
previously reported other representative nanomaterials

Samples Specific capacitance
(F g-1)

Current 
density
(A g-1)

Ref.

Swollen ammoniated MoS2 
nanostructure 296 3 S12

NiO nanosheet arrays on Ni 
foam 674.2 1 S13

AMC@NiCo2S4 nanostructure 636.3 2 S14
Hierarchical Co3O4@MnO2 

core-shell arrays on Ni foam 560 0.2 S15

MnO2 nanotubes 365 0.25 S16
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