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Figure. S1 XRD pattern of CuS0.8Se0.2 and CuS with the standard XRD pattern of 

CuS for identification. 
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Figure. S2 EDX patterns of CuS0.8Se0.2 a) and CuS b). 
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Figure. S3 The high-resolution XPS spectra of a) Cu 2p, b) S 2p and Se 3p, and c) Se 

3d for the CuS0.8Se0.2 sample. 
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Figure. S4 Raman spectrum of nanosheets CuS0.8Se0.2 and CuS.  
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Figure. S5 Nitrogen adsorption-desorption isotherms of a) CuS0.8Se0.2, b) CuS.  
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Figure. S6 SEM images of CuS. 
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Figure. S7 CV curves of CuS electrode at a scan rate of 0.1 mV s-1. 
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Figure. S8 XRD pattern of CuS at OCV and the 5th cycle. 
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Figure. S9 a) Galvanostatic charge-discharge curves and b) cycle performance of 

CuS. 
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Figure. S10 Cycling performance of CuS0.8Se0.2 and mixture of the hexagonal CuS 

and CuSe in a ratio of 4:1. 
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Figure. S11 Comparison of capacity and cycle performance of CuS0.8Se0.2 and CuS.
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Figure. S12 GITT curves of a) CuS0.8Se0.2 and b) CuS. 
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Figure. S13 Nyquist representations of impedance data of CuSe for SIBs, circuit 

model describing the impedance behavior of CuSe electrodes is shown in the inset. 

 

The angle between straight line and Z’-axis is 80.6o , which is closer to behavior of 

constant phase element (ZCPE) rather than Warburg element. Thus Figure S13a shows 

the circuit model to describe the electrochemical impedance behavior. R el and Rf 

corresponds to resistance of electrolyte and charge transfer resistance. CPE dl is 

corresponding to double-layer capacitance near electrode and CPE pse is related to 

pseudocapacitance. ZCPE dl is given by equation: 

ZCPE =1/B(jω) n 

where B and n (0< n< 1) is frequency-independent proportionality constants. [14] The 

value of n is 1 for ideal capacitor and 0.5 for ideal battery materials. After fitting the 

curve, value of n is calculated to be 0.90, which suggested a dominant 

pseudocapacitance. 
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Figure. S14 In-situ X-ray diffraction patterns of CuS0.8Se0.2 of OCV and after  the 

first cycle.  
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Figure. S15 Ex-situ X-ray diffraction patterns of CuS0.8Se0.2 and CuS electrode 

collected after discharging to 0.01V for the first cycle. 
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Figure. S16 Ex-situ Raman spectrum of nanosheets CuS0.8Se0.2 after discharging to 

0.01V for the first cycle. 
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Figure. S17 Cycling performance of CuS0.8Se0.2. 
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Table S1.  

Rietveld refinement results of CuS0.8Se0.2 

Rp=1.36  Rwp=1.90   Rexp=1.93 

P63-mmc  a=b=3.8504(4) Å, c=16.7227(2) Å,  α=β=90°,γ=120° 

Atom Wyckoff x y z Occ 

Cu1 2d 0.3333 0.6667 0.7500 1.0 

Cu2 4f 0.3333 0.6667 0.1005 1.0 

Se1 2c 0.3333 0.6667 0.2500 0.2 

Se2 4e 0 0 0.0632 0.2 

S1 2c 0.3333 0.6667 0.2500 0.8 

S2 4e 0 0 0.0632 0.8 
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Table S2. Electrochemical performances of CuS materials previously reported for 

sodium ion batteries. 

 

Material Capacity Capacity retention  Initial 

Coulomb 

efficiency  

Reference 

CuS0.8Se0.2 423 mA h g-1  96.1% after 2000 

cycles at 5A g-1 

92.3% This 

work 

CuS  325 mA h g-1  90.6% after 1100 

cycles at 10 A g-1 

91.6% [1] 

CuS 335 mA h g-1 94.2% after 400 

cycles at 1 A g-1 

94.3% [2] 

CuS@CoS 2 304 mA h g-1 79% after 500 cycles 

at 5 A g-1 

88.2% [3] 

GO/CuS 248 mA h g-1 81.3% after 100 

cycles at 0.1C 

75.5% [4] 

CuS-NDs 366 mA h g-1 80.1% after 500 

cycles at 2 A g-1 

88.9% [5] 

CuS-CNT 590 mA h g-1 95% after 100 cycles 

at 2 mA cm-2 

94% [6] 

PNL-CuS 

 

CuS 

 

Cu9S5@NC 

 

ZnS/CuS@C 

 

Cu3PS4 

 

Cu2S 

 

CuS 

 

420 mA h g-1 

 

87mA h g-1 

 

230 mA h g-1 

 

282 mA h g-1 

 

400 mA h g-1 

 

343 mA h g-1 

 

418 mA h g-1 

 

92.1% after 1000 

cycles at 5 A g-1 

34.6% after 100 

cycles at 0.31 A g-1 

79% after 4000 

cycles at 2 A g-1 

91.2% after 2000 

cycles at 2 A g-1 

73.4% after 1400 

cycles at 1 A g-1 

97.1% after 1400 

cycles at 1 A g-1 

87.3% after 100 

cycles at 0.1 A g-1 

95% 

 

91% 

 

90.6% 

 

86.6% 

 

81.8% 

 

75.3% 

 

91.6% 

 

[7] 

 

[8] 

 

[9] 

 

[10] 

 

[11] 

 

[12] 

 

[13] 
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Cu7S4 /CNF 

 

 

CuS 

 

CuS@N-C 

 

Cu2S@C@M

oS2 

 

CuS-RGO-2 

 

CuS-150 

 

225 mA h g-1 

 

 

349 mA h g-1 

 

300 mA h g-1 

 

359 mA h g-1 

 

 

345 mA h g-1 

 

213 mA h g-1 

 44.1% after 725 

cycles at 2 A g-1 

 

95.8% after 1200 

cycles at 5 A g - 

94.3% after 1200 

cycles at 5 A g 

91.7% after 400 

cycles at 1 A g 

 

93.6% after 450 

cycles at 1 A g 

85.6% after 2000 

cycles at 1 5A g 

88.3% 

 

 

89.3% 

 

82% 

 

66.7% 

 

 

94.7% 

 

94.1% 

[14] 

 

 

[15] 

 

[16] 

 

[17] 

 

 

[18] 

 

[19] 
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Table S3. Charge transfer resistance of CuS0.8Se0.2 and CuS for OCV, 1st and 30th 

cycle. 

 

 

Rct OCV 1st 30th 

CuS0.8Se0.2 2.6(3) Ω 3.0(1) Ω 6.4(4) Ω 

CuS 3.7(2) Ω 3.1(7) Ω 58.9(3) Ω 
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Table S4. Electrochemical performances of previously reported transition metal 

sulfide in PIBs 

Material  Capacity retention  Initial 

Coulomb 

efficiency  

Reference 

CuS0.8Se0.2  412 mA h g−1 at 0.1 A g−1 

374mA h g−1 at 5 A g−1 

79.1% This work 

VS2  360 mA h g−1 at 0.1 A g−1 

280 mA h g−1 at 5 A g−1 

59.2% [20] 

CoS  499 mA h g−1 at 0.2 A g−1 

276 mA h g−1 at 5 A g −1 

66.1% [21] 

FeS  412 mA h g−1 at 0.1 A g−1 

139 mA h g−1 at 2 A g−1 

74.2% [22] 

MoS2/C  510 mA h g−1 at 0.1 A g−1 

260 mA h g−1 at 5 A g−1 

75.5% [23] 

Cu2S  354 mA h g−1 at 0.1 A g−1 

297 mA h g−1 at 5 A g−1 

88.9% [24] 
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