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Figure S1. TEM images of (a) Ni-B-1/BC, (b) Ni-B-2/BC and (c) Ni-P/BC; 

SAED patterns of (d) Ni-B-1/BC, (e) Ni-B-2/BC and (f) Ni-P/BC. 

 

 

Figure S2. EDX spectra of (a) Ni-B-1/BC, (b) Ni-B-2/BC and (c) Ni-P/BC 

 

 

 

 

 



 

Figure S3. XPS survey for elements of (a) Ni-B-1/BC, (b) Ni-B-2/BC and (c) 

Ni-P/BC. 

 

 

Figure S4. SEM images for different deposition times for Ni-P grown on 

BC: (a) 10 m, (b) 20 m and (c) 30 m.  

           

Figure S5. HER polarization curves of different deposition time for Ni-P 

grown on BC. 



 

Figure S6. SEM images of (a) BC, (b) GFP and (c) FP. Fiber diameter 

histograms of (d) BC, (e) GFP and (f) FP obtained by manual measures on 

the images using the ImageJ software. 

 

 

Figure S7. Ni-P nanoparticle size histograms of (a) Ni-P/BC, (b) Ni-P/GFP 

and (c) Ni-P/FP obtained by manual measures on the images using the 

ImageJ software. 

 



 

Figure S8. XRD patterns of Ni-P/BC, Ni-GFP, Ni-P/FP, BC, GFP and FP. 

 

Figure S9. XPS survey for elements of (a) Ni-P/FP, (b) Ni-P/GFP. (c) XPS 

spectra of Ni 2p. (d) XPS spectra of P 2p. 



 

Figure S10. Electrochemical impedance spectra of Ni-P/BC, Ni-GFP and 

Ni-P/FP at 150 mV overpotential. 

 

 

Figure S11. CV curves of (a) Ni-P/BC, (b) Ni-P/GFP and (c) Ni-P/FP at 

different scan rates. 

 

 

 

 

 

 

 



 

Figure S12. SEM images of (a) Co-P/BC, (b) Ni-Co-P-3/BC, (c) 

Ni-Co-P-2/BC and Ni-Co-P-3/BC. (e) XRD patterns of samples. 

 

 

 

Figure S13. HER polarization curves of electrodes. 



 

Figure S14. (a) HER polarization curves of bare carbon paper and Pt/C. (b) 

Chronopotentiometry curves of Ni-P/BC and Pt/C at 10 mA cm-2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1 XPS binding energies of Ni 2p for Ni-B-1/BC, Ni-B-2/BC and 

Ni-P/BC. 

Sample 

2p3/2 2p1/2 

Ni0 

(eV) 

Ni2+ 

(eV) 

Satellite 

(eV) 
Ni0 (eV) 

Ni2+ 

(eV) 

Satellite 

(eV)  

Ni-B-1/BC 853.1 856.6 859.6 870.4 874.6 879.4 

Ni-B-2/BC 852.9 856.1 861.3 870.2 874.0 879.8 

Ni-P/BC 852.8 856.3 861.5 870.0 874.0 880.3 

 

Table S2 XPS binding energies of B 1s for Ni-B-1/BC and Ni-B-2/BC. 

Sample BOx (eV) B0 (eV) 

Ni-B-1/BC 192.2 188.5 

Ni-B-2/BC 191.7 188.4 

 

Table S3 Series resistance of Ni-B-1/BC, Ni-B-2/BC and Ni-P/BC 

Sample Series resistance (Ω) 

Ni-B-1/BC 23.1 

Ni-B-2/BC 4.5 

Ni-P/BC 4.7 

 

Table S4 XPS binding energies of Ni 2p for Ni-P/BC, Ni-P/GFP and Ni-P/FP. 

Sample 

2p3/2 2p1/2 

Ni0 

(eV) 

Ni2+ 

(eV) 

Satellite 

(eV) 
Ni0 (eV) 

Ni2+ 

(eV) 

Satellite 

(eV)  

Ni-P/BC 852.8 856.3 861.5 870.0 874.0 880.3 

Ni-P/GFP 852.9 856.8 861.2 870.1 874.6 880.5 

Ni-P/FP 852.9 856.2 861.3 870.1 874.0 880.1 

 

 

 

 



Table S5 XPS binding energies of P 2p for Ni-P/BC, Ni-P/GFP and Ni-P/FP. 

Sample 

P0 
POx 

(eV) 
2p1/2 

(eV) 

2p3/2  

(eV) 

Ni-P/BC 130.4 129.9 133.4 

Ni-P/GFP 130.5 129.7 133.4 

Ni-P/FP 130.2 129.8 133.3 

 

Table S6 Comparison of the HER activity of prepared electrodes in 1 M 

PBS (pH=7) at 10 mA cm-2. 

Sample Overpotential (mV) 

Ni-B-1/BC >>300 

Ni-B-2/BC 269 

Ni-P/BC 161 

Ni-P/GFP 202 

Ni-P/FP 252 

Note: Ni-B-1/BC demonstrates poor HER performance than others and the maximum 

current density of Ni-B-1/BC is 2.4 mA cm-2, which is much lower than 10 mA cm-2. 

 

 

 

 

 

 

 

 

 

 

 



Table S7 Comparison of the HER activity with other electrodes in 1 M 

PBS (pH=7). 

Electrode Substrate 

Overpotential 

(mV at 10 mA 

cm-2) 

Preparation 

method 
Reference 

Ni-P/BC 
bacterial 

cellulose 
161 

electroless 

deposition 
This work 

Ru SAs-Ni2P 
glassy 

carbon  
260 calcination [1] 

NiPx 
carbon 

cloth 
230 

electrochemical 

deposition 
[2] 

Ni2P 
carbon 

paper 
196  

electrochemical 

deposition 
[3] 

NiP2-CC 

nanohybrids 

carbon 

cloth 
160 calcination [4] 

MoP NA/CC 
carbon 

cloth 
187 calcination [5] 

CoSx-(0.2-0.02) 

-12 
FTO 168 

electrochemical 

deposition 
[6] 

CoMoS4 NS/CC 
carbon 

cloth 
183 

hydrothermal 

reaction 
[7] 

Ni3S2/NF Ni foam 170 
hydrothermal 

reaction 
[8] 

MoP700 
glassy 

carbon  
196 calcination [9] 

Karst NF Ni foam 110 
electrochemical 

deposition 
[10] 
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