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2.6 Physical Characterization Techniques

The morphology of the series of nickel cobalt selenide particles are characterized by 

field-emission scanning electron microscopy (FESEM, HITACHI, SU8010) and 

transmission electron microscopy (TEM, FEI TECNAI G2 TF20). X-ray diffraction 

(XRD) of these samples were obtained on a PANalytical X-ray diffractometer. X-ray 

photoelectron spectroscopy (XPS, Thermo 250Xi) is used to study the chemical valence 

states of the best performed Ni0.95Co2.05Se4 sample. 
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Fig. S1. SEM images of different samples. (a-b) Co3Se4, (c-d) Ni1.14Co1.86Se4, (e-f) 

Ni0.67Co2.33Se4, (g-h) Ni0.53Co2.47Se4.



Fig. S2. A column chart of the size distribution of different samples. (a) Co3Se4, (b) 

Ni1.14Co1.86Se4, (c) Ni0.95Co2.05Se4, (d) Ni0.67Co2.33Se4, (e) Ni0.53Co2.47Se4.



Fig. S3. EDX images of different samples. (a) Co3Se4, (b) Ni1.14Co1.86Se4, (c) 

Ni0.95Co2.05Se4, (d) Ni0.67Co2.33Se4, (e) Ni0.53Co2.47Se4.



Fig. S4. SEM images of Ni0.95Co2.05Se4 samples at different experimental conditions. 

(a-b) 100 °C, (c-d) 120 °C, (e-f) 140 °C, (g-h) 160 °C, (i-j) 1 h, (k-l) 3 h, (m-n) 6 h, 

(o-p) 9 h.



Fig. S5. SEM images of Ni0.95Co2.05Se4 samples at different experimental conditions. 

(a-b) without cyclohexane, (c-d) without ethylene glycol, (e-f) without cyclohexane and 

ethylene glycol, (g-h) the ratio of nickel to cobalt is 2.2:1.



Fig. S6. N2 sorption isotherms and the pore size distribution of different samples. (a) 

Co3Se4, (b) Ni1.14Co1.86Se4, (c) Ni0.95Co2.05Se4, (d) Ni0.67Co2.33Se4, (e) Ni0.53Co2.47Se4.



Fig. S7. CV curves of different proportions at the scanning speed of 20 mV s−1.

Fig. S8. GCD curves of different samples (a) Co3Se4, (b) Ni1.14Co1.86Se4, (c) 

Ni0.95Co2.05Se4, (d) Ni0.67Co2.33Se4, (e) Ni0.53Co2.47Se4.



Fig. S9. GCD curves and capacity histogram of different samples at 1 A g-1 current 

density.

Fig. S10. Bode plot of (a) Co3Se4, (b) Ni1.14Co1.86Se4, (c) Ni0.95Co2.05Se4, (d) 

Ni0.67Co2.33Se4, (e) Ni0.53Co2.47Se4.



Fig. S11. (a) the fitting plots of log (current peak) versus log (scan rate) at oxidation 

peak of the series NixCo3-xSe4 samples, (b) the diffusion and capacitive contribution of 

Ni0.95Co2.05Se4 electrode at different scan rates.

Fig. S12. (a) CV curves at different voltage windows of Ni0.95Co2.05Se4//AC, (b) 

electrode conditions after CV testing at 1.8V and 2.0V.



Fig. S13. CV curves of different samples (a) Co3Se4, (b) Ni1.14Co1.86Se4, (c) 

Ni0.67Co2.33Se4, (d) Ni0.53Co2.47Se4.

Fig. S14. Log (i) vs log (ν) plots of Ni0.95Co2.05Se4//AC electrode.



Fig. S15. GCD curves of different samples (a) Co3Se4//AC, (b) Ni1.14Co1.86Se4//AC, (c)

Ni0.67Co2.33Se4//AC, (d) Ni0.53Co2.47Se4//AC.

Table S1. Different sample sizes and average sizes.

Sample names Max/Min sizes (nm) Average sizes
Co3Se4 261.36/143.86 190.56

Ni1.14Co1.86Se4 288.98/145.40 213.10
Ni0.95Co2.05Se4 256.94/124.78 193.85
Ni0.67Co2.33Se4 400.26/167.59 242.89
Ni0.53Co2.47Se4 299.10/141.81 222.28

Table S2. The fitting values resistance of these samples.

Sample names RS (Ω) Rct (Ω) D(cm2 s-1)
Co3Se4 1.142 0.677 3.694×10-9

Ni1.14Co1.86Se4 0.717 1.735 1.098×10-9

Ni0.95Co2.05Se4 1.011 0.242 4.843×10-9

Ni0.67Co2.33Se4 0.947 0.433 3.673×10-9

Ni0.53Co2.47Se4 0.927 0.339 9.260×10-10



Table S3. The comparison of electrochemical performances between Ni-Co selenide 
electrodes with the reported selenide related electrodes.

Materials
Specific capacity,

F g-1/Cycle numbers,
(Current density, A g-1)

Voltage
(V) 

Electrolyte 
concentration
(KOH, mol)

Reference

H-NiCoSe2
sub-microspheres

608 /5000th, (10) 0.5 6 S1

GeSe2 297.9 /2000th, (1) 0.1-0.65 1 S2

Ni-Co-Se-2 382.33
/2000th, (5)

0.6 6 S3

NiCo2.1Se3.3 NSs/3D 
G/NF

395.36 /1000th, 
(10A cm-2) 0.6 6

S4

Ni0.5Co0.5Se2 1007/3500th, (7) 0.55 6
S5

Co3Se4 426.75/4000th, (4) 0.5 2

Ni1.14Co1.86Se4 493.47/4000th, (4) 0.5 2

Ni0.95Co2.05Se4 625.27/4000th, (4) 0.5 2

Ni0.67Co2.33Se4 468.2/4000th, (4) 0.5 2

Ni0.53Co2.47Se4 561.44/4000th, (4) 0.5 2
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