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Figure S1. XPS survey scan spectrum of HI-CoP/CNT.  

 

  

 

 

 

 

 

 

 

  

 

 

  

 

 

Figure S2. XPS signatures of CoP/CNT (prepared in the absence of HMT). 
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Figure S3. FESEM and elemental mapping of HI-CoP/CNT.  

 

 

 

 

 

 

 

 

 

 

Figure S4. N2 adsorption-desorption isotherm of (A) HI-CoP/CNT and (B) CoP/CNT. 
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 Figure S5. Temperature-dependent phase evolution of the HMT-cobalt complex. 

 

 

 

 

 

 

 

 

 

 

Figure S6. Comparison of XRD patterns of HMT-derived sample obtained at 275 °C with those 

of standard diffraction patterns of CoO, Co2P and CoP.  
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Figure S7. 
1
H NMR (A) and 

13
C NMR (B) of HMT (bottom) and its solution with 

Co(CH3COO)2.4H2O and ethanol (top). 

 

 

 

 

 

 

 

 

 

 

Figure S8. Polarization curves of HMT-derived CoO/CNT as a function of LSV cycles. The 

curves indicate the dissolution of CoO in 0.5 M H2SO4. 
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Figure S9. Cyclic voltammograms and their corresponding plots of the current density at 0.254 

VRHE vs. scan rate. 
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Figure S10. Comparative polarization curves of Pt/C, HI-CoP/CNT, CoP/CNT, CoP prepared 

with and without HMT and CNT in acidic medium. 

 

 

 

 

 

 

 

 

Figure S11. Polarization curve of HI-CoP/CNT in neutral medium. 
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Figure S12. Polarization curves obtained before and after 1000 potentiodynamic sweeps in 0.5 

M H2SO4. 

  

 

 

 

 

 

 

Figure S13. Two time constant electrical equivalent circuit model utilized to fit the 

electrochemical impedance (EIS) results of hydrogen evolution reaction. Rs – series resistance, 

Cdl and Cd2 are double layer capacitance, Rct – charge transfer resistance for HER, Rp – resistance 

related to the surface porosity. 
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Table S1. Performance comparison of CoP-based electrocatalysts for HER. 
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 0.5 M H2SO4 - 85 50 2 

 
CoP/carbon cloth

3
 

 
0.5 M H2SO4 

 
67 

 
100 

 
51 
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0.5 M H2SO4 

 
122 

 
160 

 
54 

 
0.285 

 
CoP/C

6
 

 
0.1 M KOH 

 
- 

 
250 

 
- 

 
- 

 
CoP nanosheet/C

7
 

 
1 M KOH 

 
111 

 
139 

 
70.9 

 
0.71 

 
Porous CoP/Ti

8
 

 
1 M KOH 

 
- 

 
150 

 
71 

 
0.8 

 
Porous CoP/Ti

9
 

 
0.5 M H2SO4 

 
- 

 
95 

 
65 

 
0.8 

 
CoP/CNT

9
 

 
0.1 M NaOH 

 
215 

 
- 

 
56 

 
0.285 

 
CoP cluster

10
 

 
0.5 M H2SO4 

 
85 

 
- 

 
50 

 
- 

 
CoP/NC

11
 

 
1 M KOH 

 
154 

 
173 

 
51 

 
1 

 
CoP/CNTs

12
 

 
0.5 M H2SO4 

 
139 

 
- 

 
52 

 
0.84 

 
CoP/RGO

13
 

 
0.5 M H2SO4 

 
~260 

 
- 

 
104.8 

 
0.29 

 
CoP nanowires

14
 

 
0.5M H2SO4 

 
110 

 
142 

 
54 

 
0.35 

 
CoP nanosheets

14
 

 
0.5 M H2SO4 

 
164 

 
- 

 
61 

 
0.35 

 
CoP nanotubes

15
 

 
0.05 M H2SO4 

 
129 

 
- 

 
60 

 
0.2 

 
Hollow CoP/NG

16
 

 
1 M KOH 

 
83 

 
100 

 
57 

 
2.5 

 
CoP/NCNT

17
 

 
0.5 M H2SO4 

 
79 

 
99 

 
58.5 

 
~0.2 

 
CoP/CNT

This work
 

 
0.5 M H2SO4 

 
73 

 
102 

 
54.6 

 
1 
 



S-10 
 

REFERENCES 

1. Zhu, Y. P.; Xu, X.; Su, H.; Liu, Y. P.; Chen, T.; Yuan, Z. Y. Ultrafine Metal Phosphide 

Nanocrystals in Situ Decorated on Highly Porous Heteroatom-Doped Carbons for Active 

Electrocatalytic Hydrogen Evolution. ACS Appl. Mater. Interfaces 2015, 7, 28369–28376. 

2. Popczun, E. J.; Read, C. G.; Roske, C. W.; Lewis, N. S.; Schaak, R. E. Highly Active 

Electrocatalysis of the Hydrogen Evolution Reaction by Cobalt Phosphide Nanoparticles. Angew. 

Chem. Int. Ed. 2014, 53, 5427–30. 

3. Tian, J.; Liu, Q.; Asiri, A. M.; Sun, X. Self-Supported Nanoporous Cobalt Phosphide 

Nanowire Arrays: An Efficient 3D Hydrogen-Evolving Cathode over the Wide Range of pH 

0−14.  J. Am. Chem. Soc. 2014, 136, 7587−7590. 

4. Huang, Z.; Chen, Z.; Chen, Z.; Lv, C.; Humphrey, M.G.; Zhang, C. Cobalt Phosphide 

Nanorods as an Efficient Electrocatalyst for the Hydrogen Evolution Reaction. Nano Energy 

2014, 9, 373-382. 

5. Liu, Q.; Tian, J.; Cui, W.; Jiang, P.; Cheng, N.; Asiri, A. M.; Sun, X. Carbon Nanotubes 

Decorated with CoP Nanocrystals: A highly Active Non-Noble-Metal Nanohybrid 

Electrocatalyst for Hydrogen Evolution. Angew. Chem. Int. Ed. 2014, 53, 6710–6714. 

6. Ryu, J.; Jung, N.; Jang, J. H.; Kim, H. J.; Yoo, S. J. In Situ Transformation of Hydrogen-

Evolving CoP Nanoparticles: Toward Efficient Oxygen Evolution Catalysts Bearing Dispersed 

Morphologies with Co-oxo/hydroxo Molecular Units. ACS Catal. 2015, 5, 4066–4074. 

7. Chang, J.; Liang, L.; Li, C.; Wang, M.; Ge, J.; Liu, C.; Xing, W. Ultrathin Cobalt Phosphide 

Nanosheets as Efficient Bifunctional Catalysts for a Water Electrolysis Cell and the Origin for 

Cell Performance Degradation. Green Chem. 2016, 18, 2287–2295. 

8. Chang, J.; Liang, L.; Li, C.; Wang, M.; Ge, J.; Liu, C.; Xing, W. Three-Dimensional 

Interconnected Network of Nanoporous CoP Nanowires as an Efficient Hydrogen Evolution 

Cathode. Phys. Chem. Chem. Phys. 2014, 16, 16909–13. 

9. Hou, C. C.; Cao, S.; Fu, W. F.; Chen, Y. Ultrafine CoP Nanoparticles Supported on Carbon 

Nanotubes as Highly Active Electrocatalyst for Both Oxygen and Hydrogen Evolution in Basic 

Media. ACS Appl. Mater. Interfaces 2015, 7, 28412–28419. 

10. Saadi, F. H.; Carim, A. I.; Verlage, E.; Hemminger, J. C.; Lewis, N. S.; Soriaga, M. P. CoP 

as an Acid-Stable Active Electrocatalyst for the Hydrogen-Evolution Reaction: Electrochemical 

Synthesis, Interfacial Characterization and Performance Evaluation. J. Phys. Chem. C 2014, 118, 

29294–29300. 

11. You, B.; Jiang, N.; Sheng, M.; Gul, S.; Yano, J.; Sun, Y. High-Performance Overall Water 

Splitting Electrocatalysts Derived from Cobalt-Based Metal-Organic Frameworks. Chem. Mater. 

2015, 27, 7636–7642. 

12. Wu, C.; Yang, Y.; Dong, D.; Zhang, Y.; Li, J. In Situ Coupling of CoP Polyhedrons and 

Carbon Nanotubes as Highly Efficient Hydrogen Evolution Reaction Electrocatalyst. Small 

2017, 13, 1–9. 

13.   Ma, L.; Shen, X.; Zhou, H.; Zhu, G.; Ji, Z.; Chen, K. CoP Nanoparticles Deposited on 

Reduced Graphene Oxide Sheets as an Active Electrocatalyst for the Hydrogen Evolution 

Reaction.  J. Mater. Chem. A 2015, 3, 5337–5343. 

14. Jiang, P.; Liu, Q.; Ge, C.; Cui, W.; Pu, Z.; Asiri, A. M.; Sun, X. CoP Nanostructures with 

Different Morphologies: Synthesis, Characterization and a Study of their Electrocatalytic 



S-11 
 

Performance toward the Hydrogen Evolution Reaction. J. Mater. Chem. A 2014, 2, 14634-

14640. 

15. Du, H.; Liu, Q.; Cheng, N.; Asiri, A. M.; Sun, X.; Li, C. M. Template-Assisted Synthesis of 

CoP Nanotubes to Efficiently Catalyze Hydrogen-Evolving Reaction. J. Mater. Chem. A 2014, 2, 

14812–14816. 

16. Yu, X.; Zhang, S.; Li, C.; Zhu, C.; Chen, Y.; Gao, P.; Qi, L.; Zhang, X. Hollow CoP 

Nanopaticle/N-doped Graphene Hybrids as Highly Active and Stable Bifunctional Catalysts for 

Full Water Splitting. Nanoscale 2016, 8, 10902–10907. 

17. Pan, Y.; Lin, Y.; Chen, Y.; Liu, Y.; Liu, C. Cobalt Phosphide-Based Electrocatalysts: 

Synthesis and Phase Catalytic Activity Comparison for Hydrogen Evolution. J. Mater. Chem. A 

2016, 4, 4745–4754. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


