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Characterization 

SEM images were acquired through a Quanta 400 FEG scanning electron 

microscope executed at 20 kV. TEM (Transmission Electron Microscopy) and 

elemental mapping images were collected from a Talos F200X TEM at an acceleration 

voltage of 200 kV. X-ray powder diffraction (XRD) was presented utilizing a Rigaku 

Ultimate IV with Cu-Kα radiation (λ = 1.5418 Å), and a scanning rate of 5° min−1 from 

10° to 80°. X-ray photoelectron spectra (XPS) were executed on a PHI 5000 

Versaprobe XPS instrument by non-monochromatized Al-Kα X-ray as the excitation 

source. The EPR measurement was performed on Bruker EMXplus-6/1 at a modulation 

amplitude of 0.8 mT, a modulation frequency of 100 kHz, a conversion time of 50 ms. 

The test temperature was set at 70 K. At the experimental resolution of 0.15eV, UPS 

spectra were obtained by He discharge lamp (He I 21.22eV). To better observe the 

secondary electron cut-off from the UPS spectrum, the sample is biased at -10 V.  

Electrochemical measurements 

The polarization curves were collected by linear sweep voltammetry (LSV) in 

the range of -1.0 to 0.0V at a scan rate of 5 mV·s-1, with a scan rate of 100 mV·s-1 for 

5000 cycles, and the electrochemical stability of the catalyst was determined by cyclic 

voltammetry (CV) for 5000 cycles. Electrochemical impedance spectroscopy (EIS) 

was performed in the frequency range from 500 kHz to 1Hz at an overpotential (η = 

200 mV). The electrochemical properties of the materials were tested at room 

temperature using 1.0 M potassium hydroxide solution at an electrochemical 



workstation (CHI 660E) and a three-electrode system. The working electrode is made 

by distributing the catalyst in a 5.0 mm diameter glass carbon (GC) electrode. Ag/AgCl 

electrode was the reference electrode, and platinum plate electrode was utilized as the 

opposite electrode. The measured potential can be converted to RHE according to the 

formula (ERHE = EAg/AgCl + 0.0592pH+ 0.197 ).  

Catalyst Preparation 

Preparation of catalyst: First, 4 mg of prepared electrocatalyst and 30 μL of 5 wt% 

nafion solution were dispersed in a mixed solution of 1 mL of ethanol and water (1:3), 

ultrasonica for 15 minutes to form a mixed ink. And then, 10 μL of the prepared ink 

mixture was dispersed on a 5 mm diameter glassy carbon electrode and dried naturally. 

Therefore, the loading capacity of the sample is 0.197 mg cm-2. 

DFT calculations 

The density functional theory (DFT) calculations were performed using the 

software of Materials Studio (MS)[1]. The energy cutoff (400 eV) of the 

eigen-function plane wave expansion and the 2×2×1 Monkhorst-Pack meshes are 

used to ensure the enthalpy convergence satisfyingly. For HER, in order to correctly 

describe the binding configuration and energy of H on PtCoVO catalyst, its hydrogen 

adsorption energy (∆EH) can be calculated by the following formula: 

∆EH* = EH* − E* − 1/2EH2 (1) 

where, * denotes the catalyst, EH*, E* and 1/2EH2 represent the total energy of the 

catalyst with adsorbed H atom, catalyst and H2 gas, separately.  



The Gibbs free energy (∆GH*) for the H absorption was identified as:  

∆GH* = ∆EH* + ∆ZPE − T∆S (2) 

where ∆ZPE and ∆S are zero point energy (ZPE) change and entropy change (T = 

298.15 K) between the adsorbed state and the gas phase of H* adsorption, separately.  

The Gibbs free energy can be calculated as follows: 

G0 =EDFT + ZPE- TS0 (3) 

where G0 stands for the Gibbs free energy, EDFT represent the total adsorption energy, 

ZPE on behalf of the vibration energy, the change in entropy is represented by TS0
[2].  

 

 

Figure S1. Digital image of vanadium powder in hydrogen peroxide ethanol solution at hourly 

intervals.  



 

Figure S2. Structure diagram of PtCo(H*). 

 

Figure S3. Structure diagram of PtCoVO(H*). 

 

 



 

Figure S4. Calculated band structure of PtCo. 

 

Figure S5. Calculated density of states (DOS) for PtCo. 



 

 

Figure S6. Calculated density of states (DOS) of PtCo. 

 



 

Figure S7. Calculated band structure of PtCoVO. 

 



Figure S8. Calculated density of states (DOS) for PtCoVO.  

 

Figure S9. Calculated density of states (DOS) of PtCoVO. 



 

Figure S10. Calculated density of states (DOS) of V for PtCoVO. 

 

 

Figure S11. Structure diagram of PtCoV. 



 

Figure S12. Structure diagram of PtCoV(H*). 

 

 

Figure S13. Calculated band structure of PtCoV. 



 

Figure S14. Calculated density of states (DOS) of V for PtCoV. 

 

 

Figure S15. SEM images and corresponding mapping of PtCoVO/g-C3N4.  

 



 

Figure S16. The distribution of the total spectrum of PtCoVO/g-C3N4. 

 

Table S1. Inductively coupled plasma emission spectrometry (ICP-AES) was used to determine At % 

of elements in PtCoVO/g-C3N4. 

 

Element At% 

Pt 6.43 

Co 7.02 

V 15.95 



 

Figure S17. Spacing, EDS spectrum and IFFT of SEM for PtCoV/g-C3N4. 



 

Figure S18. TEM image mapping of PtCoV/g-C3N4. 

 

 

Figure S19. XPS spectra of N 1s for PtCoVO/g-C3N4. 



Note S1. The work function was calculated according to the method reported by Liu[3], 

hv=21.22 eV. 

Փ =hv-(Efermi–Ecutoff) 

 

 

Figure S20. UPS spectra of PtCoVO/g-C3N4 under different amounts of g-C3N4 added. 
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Figure S21. VB-XPS valence band spectra of g-C3N4. 

 

Figure S22. Polarization curves for different HxV2O5 millimolar ratios of PtCoVO/g-C3N4.
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Figure S23. Polarization curves for different V powder millimolar ratios of PtCoVO/g-C3N4. 

 

 

  



Table S2. Comparison of the reported electrocatalysts with our work of HER activity. 

Catalyst 

 

Electrolyte 

 

Tafel slope  

(mV dec-1) 

Overpotential at 

10 mA cm-2 

(mV) 

Reference 

 

PtCoVO/g-C3N4 1 M KOH 63.65 92 This work 

IrMo0.59 alloy 1 M KOH 50 23 [4] 

Pt2Ni3-P 1 M KOH 66 44 [5] 

Ru black 1 M NaOH 80 125 [6] 

Co2P@NPG 1 M KOH 96 165 [7] 

Mo1N1C2 0.1 M KOH 90 132 [8] 

CoP/rGO-400 1 M KOH 38 150 [9] 

CoOx@CN 1 M KOH 115 232 [10] 

FePO4/NF 1 M KOH 104.49 123 [11] 

Mo2N-Mo2C/HGr 1 M KOH 68 154 [12] 

MoB/g-C3N4 1 M KOH 46 133 [13] 

MoCx nano 

octahedrons 

1 M KOH 59 151 [14] 

 

 



Table S3. Comparison of the reported electrocatalysts with its hybrids of HER activity. 

Catalyst 

 

Electrolyte 

 

Tafel slope  

(mV dec-1) 

Overpotential at 

10 mA cm-2 

(mV) 

Reference 

 

NiCo2O3@C3N4 1 M KOH 146 89 [15] 

NiCo2O3 1 M KOH 150 185 [15] 

WO2@C3N4 1 M KOH 94.4 98 [16] 

WO2 1 M KOH 173.32 526 [16] 

CuSCN/C3N4 1 M KOH 47 85 [17] 

CuSCN 1 M KOH 53 187 [17] 

 

 

Figure S24. EIS Nyquist plots for different HxV2O5 millimolar ratios of PtCoVO/g-C3N4. 
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Figure S25. CV curves of PtCoVO/g-C3N4 in 1.0 M KOH solution at different scan rates. 



 

Figure S26. CV curves of PtCo/g-C3N4 in 1.0 M KOH solution at different scan rates. 



 

Figure S27. CV curves of PtCoV/g-C3N4 in 1.0 M KOH solution at different scan rates. 



 

Figure S28. CV curves of Pt/C 20% in 1.0 M KOH solution at different scan rates. 

 

Figure S39. O 1s XPS spectra before and after electrochemical test of PtCoVO/g-C3N4. 
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