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Fig. S1 FT-IR spectra of Basswood and Pine.
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Fig. S2 SEM image of (a) untreated Basswood and (b) untreated Pine wood.
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Fig. S3 SEM images of (a) Pine wood after treated with Co2+, Ni2+ and polydopamine, 

and (b) Ni-Co/N@CWP.
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Fig. S4 The volume changes of (a) Basswood and (b) Pine before and after high-

temperature calcination.
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Fig. S5 High-resolution transmission electron microscope (HR-TEM) image of Ni-

Co@CWB.
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Fig. S6 XRD patterns of Ni-Co/N@CWB, Ni-Co/N@CWP, and carbonized wood.
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Fig. S7 The SAED pattern taken from the Ni-Co/N@CWB. 
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Fig. S8 EDX spectra of (a) Ni-Co/N@CWB, and (b) Ni-Co/N@CWP.
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Fig. S9 Optical observation of contact angles of water droplets on the surfaces of (a) 

the CWB, (b) Ni-Co/N@CWB, (c) CWP, and (d) Ni-Co/N@CWP.
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Fig. S10 (a) LSV curves for OER on CWB, CWP, Ni/N@CWB, Ni/N@CWP, 

Co/N@CWB, Co/N@CWP, Ni-Co@CWB, Ni-Co@CWP, Ni-Co/N@CWB, Ni-

Co/N@CWP, and RuO2. (b) LSV curves for OER on Ni/N@CWB, Ni/N@CWP, 

Co/N@CWB, Co/N@CWP, Ni-Co/N@CWB, and Ni-Co/N@CWP by normalizing to 

the ECSA.  
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Fig. S11 Cyclic voltammetry (CV) curves measured at different scan rates from 10 to 

50 m V s-1 for (a) Ni/N@CWB, (b) Co/N@CWB and (c) Ni-Co/N@CWB. (d) The 

double-layer capacitance (Cdl) plots of Ni/N@CWB, Co/N@CWB and Ni-Co/N@CWB.
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Fig. S12 Cyclic voltammetry (CV) curves measured at different scan rates from 10 to 

50 m V s-1 for (a) Ni/N@CWP, (b) Co/N@CWP and (c) Ni-Co/N@CWP. (d) The 

double-layer capacitance (Cdl) plots of Ni/N@CWP, Co/N@CWP, Ni-Co/N@CWP.
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Fig. S13 (a) N2 adsorption-desorption isotherms of Ni-Co/N@CWB and Ni-

Co/N@CWP. (b) Pore size distribution curves of Ni-Co/N@CWB and Ni-Co/N@CWP.
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Fig. S14 Tafel plots for OER on Ni-Co/N@CWP, Ni/N@CWP, and Co/N@CWP. 



16

Fig. S15 (a) Nyquist plots of Ni/N@CWB, Co/N@CWB and Ni-Co/N@CWB. (b) 

Nyquist plots of Ni/N@CWP, Co/N@CWP and Ni-Co/N@CWP.
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Fig. S16 (a) Survey XPS spectrum of Ni-Co/N@CWP. (b) C 1s, (c) N 1s and (d) Ni 2p 

(e) Co 2p XPS spectra of Ni-Co/N@CWP. (f) Percentages of N species obtained by N 

1s spectra.
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Fig. S17 (a) Raman spectra of Ni/N@CWB, Co/N@CWB and Ni-Co/N@CWB. (b) 

Raman spectra of Ni/N@CWP, Co/N@CWP and Ni-Co/N@CWP. 
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Fig. S18 (a) LSV curves for HER on CWB, CWP, Ni/N@CWB, Ni/N@CWP, 

Co/N@CWB, Co/N@CWP, Ni-Co@CWB, Ni-Co@CW@P, Ni-Co/N@CWB, Ni-

Co/N@CWP, and Pt/C. (b) LSV curves for HER on Ni/N@CWB, Ni/N@CWP, 

Co/N@CWB, Co/N@CWP, Ni-Co/N@CWB, and Ni-Co/N@CWP by normalizing to 

the ECSA. 
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Fig. S19 Tafel plots for HER on Ni-Co/N@CWP, Ni/N@CWP and Co/N@CWP. 
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Fig. S20 Chronoamperometric responses for (a) OER and (b) HER of the Ni-

Co/N@CWP.
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Fig. S21 (a) LSV curves for OER on Ni-Co/N@Ni foam, Ni-Co/N@carbon paper, Ni-

Co/N@CWB and Ni-Co/N@CWP, respectively. (b) LSV curves for HER on Ni-

Co/N@Ni foam, Ni-Co/N@carbon paper, Ni-Co/N@CWB and Ni-Co/N@CWP, 

respectively. 
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Table S1. The performance comparison of Ni-Co/N@CW with other reported works.

Electrocatalysts

Overpotential 

of HER @10 

mA cm-2 (mV 

vs. RHE)

Overpotential 

of OER @10 

mA cm-2 (mV 

vs. RHE)

Cell 

voltage 

@10mA 

cm-2 (V 

vs. RHE)

Electrolyte Ref.

Ni-Co/N@CWB 143 290 1.60 1.0 M KOH
This 

work

Ni-Co/N@CWP 150 300 1.64 1.0 M KOH
This 

work

CoNiRu-NT 22 255 1.47 1.0 M KOH 1

Ru-CoV-LDH@NF 32 230 1.50 1.0 M KOH 2

Cu3Ag7/CF 130 289 1.99 1.0 M KOH 3

MoS2/NiCo2O4/NF 322 106 1.62 1.0 M KOH 4

Ni/Ni(OH)2 77 270 1.59 1.0 M KOH 5

Fe–Co–O/Co@NC-mNS/NF 112 257 1.58 1.0 M KOH 6

Co0.42Fe0.58P @ C 178 226 1.55 1.0 M KOH 7

FeCoNiPtRu 104 331 1.69 1.0 M KOH 8

CoPt3/a-FCWO-NS 135 243 1.51 1.0 M KOH 9

Co-Co2C/CC 96 261 1.63 1.0 M KOH 10

Mn-NiCoP 148 266 1.62 1.0 M KOH 11

NiP2/NiSe2 89 250 1.56 1.0 M KOH 12
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Fig. S22 (a) Chronoamperometric electrolysis in 1.0 M KOH at current density of 10 

mA cm−2 for Ni-Co/N@CWB || Ni-Co/N@CWB over 30 h. (b) TEM image of Ni-

Co/N@CWB after water splitting stability test.
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Fig. S23 Chronoamperometric electrolysis in 1.0 M KOH at current density of 10 mA 

cm−2 for Ni-Co/N@CWP || Ni-Co/N@CWP over 20 h.
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Fig. S24 XRD pattern of Ni-Co/N@CW after OER test. 
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Table S2. Weight % of metal loading obtained from ICP-OES analysis.

ICP-OES
Sample

Ni (wt%) Co (wt%)

Post-reaction electrolyte (Ni-Co/N@CWB) 0.02 0.03

Post-reaction electrolyte (Ni-Co/N@CWP) 0.03 0.05
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