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Experimental details 

CoCH electrodes were prepared on nickel foam (NF) substrate by hydrothermal 

method. Firstly, the NF was soaked in 3 M HCl for 5 min to remove the contaminants, 

and then the NF was sonicated in anhydrous ethanol and deionized water for 5 min 

respectively. The 0.87 g of Co(NO3)2·6H2O, 0.3 g of CH₄N₂O, and 0.1 g of NH4F were 

dissolved in 30 ml of deionized water, and then the solution was transferred to a reaction 

kettle with a piece of NF. The reactor was kept at 120 ℃ for 6 h, and the sample was 

taken out and vacuum-dried at 60 ℃ for 2 h to obtain CoCH@NF. Then, the sample 

(CoCH@NF) was put into the quartz tube of plasma enhanced chemical vapor 

deposition (PECVD) and the P-CoCH@NF was obtained by treating CoCH@NF for 

10 min under the mixed atmosphere of 10 sccm Ar/H2. During the plasma treatment 

process, the RF power supply of PECVD was maintained at 400 W. For comparison, 

the C/Pt (20 % wt.) electrode (1 cm2) with the same loading as P-CoCH@NF was 

prepared. 

The surface morphology and element distribution of the samples were observed 

by scanning electron microscopy (SEM, JSM-7800F, JEOL). Transmission electron 

microscopy (TEM, JSM-2800, JEOL) was utilized to determine the structure of a 

sample through the lattice fringes. X-ray diffraction (XRD, Empyrean, Panalytical) was 

used to characterize the phase structure of the sample, and the test angle was 20-80°. 

X-ray photoelectron spectroscopy (XPS, Axis Supra) was used to analyze the surface 

elements and their chemical valence states. The binding energy of the test was corrected 

with C 1s (284.8 eV) as the standard.  

All electrochemical performance tests were carried out in 1 M KOH solution by 

using an electrochemical workstation (Zahner Zennium) in a standard three-electrode 

system. CoCH@NF, P-CoCH@NF and C/Pt (20 % wt.) was used directly as the 

working electrode, and the working surface area was about 1 cm2. A Hg/HgO electrode 

and a platinum electrode were used as the reference electrode and counter electrode, 

respectively. All tests were carried out at room temperature and atmospheric pressure. 

Electrochemical tests were carried out for cyclic voltammetry curve (CV), and linear 

scan voltammogram (LSV). The scan rate was 5 mV/s. The HER performance was 

analyzed through the obtained LSV and Tafel curve. All of the measured potential 

values were calibrated by using equation: ERHE = EHg/HgO + 0.098 + 0.059 × pH. 

Considering the internal resistance of the system, all LSV data was subjected to 95% 

current truncation compensation (IR compensation). The Tafel slope was calculated 

from the LSV curve after IR compensation. The electrochemically active surface area 

(ESCA) could be estimated from the double-layer capacitance value (Cdl), which was 

linearly fitted from the cyclic voltammetry (CV) in the non-Faradaic region. The 

selected potential scanning range was 0.424 ~ 0.524 V vs. RHE, and the scanning speed 

was 100, 80, 60, 40 and 20 mV/s, respectively. When the potential was the median value 

of the test range (0.474 V vs. RHE), the absolute value of the difference between the 

anode and cathode current density was linear with the scanning rate, and the value of 

2×Cdl was equal to the slope of the fitted line. The value of Cdl has a linear relationship 

with ESCA. The higher the value of Cdl, the higher the chemically active surface area, 

which promotes the electrocatalytic water splitting process. The potential of the 



electrochemical impedance test was -1.1 V vs. RHE, the frequency range of the test was 

0.1 Hz ~100 kHz, and the amplitude was 10 mV. The stability test performed at 100 

mA/cm2 current density for 24 hours. 

 
Fig. S1 The picture of NF, CoCH@NF, P-CoCH@NF samples. 

 

 

Fig. S2 (a-c) SEM images of CoCH@NF; (d-f) SEM images of P-CoCH@NF. 

 

 

Fig. S3 (a) SEM image of CoCH@NF and corresponding EDS mapping images of (b) 

Co, (c) O and (d) C elements. (e) SEM image of P-CoCH@NF and corresponding 

EDS mapping images of (f) Co, (g) O and (h) C elements.  
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Fig. S4 (a) XRD patterns of CoCH and P-CoCH; (b) XPS full spectra of CoCH and P-

CoCH; (c) Co 2p spectrum; (d) O 1s spectrum. 

 

 
Fig. S5 CV curves at different scan rates from 20 to 100 mV/s of (a) NF, (b) 

CoCH@NF and (c) P-CoCH. 
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Fig. S6 The ECSA of NF, CoCH@NF and P-CoCH@NF. 

 

 
Fig. S7 XPS results of P-CoCH@NF after 24 h stability test, (a) Co 2p spectrum; (b) 

O 1s spectrum. 
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Fig. S8 (a) TEM and (b) HRTEM images of P-CoCH@NF after 24 h stability test; (c) 

HAADF-STEM image of P-CoCH@NF after 24 h stability test and corresponding 

EDS mapping images of (d) Co, (e) O and (f) C elements. 

 

The XPS results of P-CoCH@NF after stability test are shown in Fig. S7, and the 

chemical valence state of Co and O elements did not change significantly. The sample 

after the stability test still maintained the structure of the nanowire core/shell arrays, as 

shown in Fig. S8. The distribution of Co, O and C elements also did not change 

significantly. 

 

 

Fig. S9 Performances for HER of some recently reported materials. (Specific values 

are listed in Table S2.) 
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Table S1. Compositions of C, H and Co elements in the catalysts before and after the 

plasma treatment 

Sample C (%) H (%) Co (%) 

CoCH@NF 3.968  1.632  36.903  

P-CoCH@NF 1.170  0.870  41.929  

 

Table S2. Comparison of HER performances of recently reported cobalt-based 

compounds electrocatalysts in alkaline media 

Sample 
Electrolyte 

(KOH) 

HER Ej10 

(mV) 

Tafel slope 

(mV/dec) 
Refs 

P-CoCH@NF 1.0 M 69.0 47.0 This work 

N-FeCoP 1.0 M 132.0 79.0 [1] 

CoP-HS 1.0 M 116.0 89.0 [2] 

Mo-CoFeP/NC 1.0 M 145.0 68.0 [3] 

CoNiP/CoNi/N-RGO 1.0 M 150.0 97.0 [4] 

NiCoP-CNT@CP 1.0 M 138.0 145.0 [5] 

FeCoP 1.0 M 285.0 153.0 [6] 

CoP-MB 1.0 M 97.3 84.0 [7] 

CoP/PNC 1.0 M 165.0 70.0 [8] 

amorphous CoP/NF 1.0 M 143.0 63.0 [9] 

NiFe LDH@NiCoP/NF 1.0 M 120.0 88.0 [10] 

CoP/NCNHP 1.0 M 115.0 66.0 [11] 

Ni–Co–P HNB 1.0 M 107.0 46.0 [12] 

Co2P/Co-foil 1.0 M 157.0 59.0 [13] 
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