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Fig. S1. The digital images of CoP@C-Y prepared in different proportion of Co2+ and 2-
MeIM, CoP@C-1 (a), CoP@C-2 (b), CoP@C-3 (c) and CoP@C-4 (d).

Fig. S2. SEM images of Co-MOF-1 (a), Co-MOF-3 (b), CoP@C-1 (c) and CoP@C-3 (d).



Fig.S3. AFM images and the corresponding height profiles of the CoP@C-2.

Fig. S4. Raman spectrum of the CoP@C-2 and CoP@C-4.



Fig. S5. FT-IR spectrums of Co-MOF-2 and Co-MOF-4.

Fig. S6. XPS survey spectra of CoP@C-2 and CoP@C-4.



Fig. S7. The CV curves of the CoP@C at different sweep speeds in 1 M KOH, CoP@C-2 (a) 
and CoP@C-4 (b).

The Faradaic Efficiency calculations (FE):1, 2

The Faradaic Efficiency was tested by drainage method, CoP@C-2 on Ni foam (1×1 cm2) 

at room temperature. H2 was gathered use chronopotentiometry conducted at 10 mA·cm-2 in 

the self-regulating cell with gas collecting plant. The Faradaic Efficiency calculation formula is 

as follows:

𝐹𝐸=
𝛼𝑛𝐹
𝑄

In which α is the numbers of transferred electrons, n is the number of moles of the 

obtained products, F is the faradaic constant (96485), Q is the total charge. The total charge 

Q is determined by the applied current and the operating time, Q = I × t, n can be obtained by 

the volume of H2 (V), n = V / 24.5, (The molar volume of the gas is 24.5 L·mol-1 at 25 °C). So, 

the actual Faradaic Efficiency calculation formula is as follows:

𝐹𝐸=
𝛼𝑉𝐹

𝐼𝑡 × 24.5

The production rate of H2 is expressed by the following equation：

𝑟(𝐻2) =
𝑉

24.5𝑡



Fig. S8. Gas volume versus time and corresponding Faradaic efficiency.

Turnover frequency calculations (TOF):

The turnover frequency (TOF) was first calculated:3

𝑇𝑂𝐹=
𝑗 ∙ 𝑆
2𝐹 ∙ 𝑛

Where j is the current density (mAcm-2) at different overpotential, S represents the 

surface area of as prepared electrode (0.07 cm-2), the number 2 means a two-electron 

hydrogen evolution reaction, F is the Faraday’s constant (96485.3 Cmol-1), and n represents 

the moles of metal atoms on the electrode.



Fig. S9. The TOF values of different electrodes at 150, 200 and 250 mV (vs. RHE).

Fig. S10. Chronamperometric curves of the CoP@C-2 at 10 mAcm-2.



Fig. S11. TEM (a) and the elemental mapping (b) images of CoP@C-2 after stability testing. 

Fig. S12. The XPS of CoP@C-2 after the stability testing in 1.0 M KOH.



Fig. S13. (a) LSV curves, (b) Tafel slope of CoP@C-2 and CoP@C-4 in 0.5 M H2SO4.

Fig. S14. The optimized structures of (a)-(e) hydrogen proton adsorption and (f) H2O 
dissociation on CoP (011).



Fig. S15. The optimized structures of (a)-(e) hydrogen proton adsorption and (f) H2O 
dissociation on CoP (221).

Table S1 the peak strength ration of the CoP@C crystal plane (011) and (211).

Molar Ratio
Crystal Plane

(011)
Crystal Plane

(211)
the Peak Intensity 

ratio

CoP@C-2 305 421 18:25

CoP@C-4 753 625 6:5



Table S2 the peak strength ration of the CoP@C crystal plane (112) and (011).

Table S3 Electrochemical Parameters of the catalysts for HER in 1 M KOH.

Catalyst Substrate
Overpotential at
10mAcm-2 (mV)

Tafel Slope
(mVdec-1)

Ref

CoP Carbon cloth 209 129 [4]

Ni2P Ni foam 98 72 [5]

CoP@NC GCE 129 58 [6]

CoP3 NAs/CFP
Carbon fiber 

paper
65 46 [7]

CoP/CP Carbon paper 128 62 [8]

CoP2/RGO RGO 88 50 [9]

Ni2P/C Ni foam 97 29 [10]

FeP/C 185 93 [11]

CoP NS/C 111 70.9 [12]

CoP/TF Ti foil 118 50 [13]

CoP@C 127 78 This work

Molar Ratio
Crystal Plane

(112)
Crystal Plane

(011)
the Peak Intensity 

ratio

CoP@C-2 127 305 21:50

CoP@C-4 271 753 9:25



Table S4 Electrochemical Parameters of the catalysts for HER in 0.5 M H2SO4.

Table S5 The adsorption energy of hydrogen proton on different active sites of CoP (011) 
and CoP (211).

CoP(011) Active Sites
Adsorption
Energy(eV)

CoP(211) Active 
Sites

Adsorption 
Energy(eV)

Top-1(P) site -0.39 Top-1(Co) site -0.17

Top-2(P) site -0.30 Top-2(Co) site 0.02

Bridge-1(P-Co) site 0.25 Top-1(P) site -0.27

Bridge-2(P-Co) site 0.08 Top-2(P) site 0.09

Bridge(Co-Co) site 0.66 Bridge(Co-Co) site -0.11

Catalyst Substrate
Overpotential at
10mAcm-2 (mV)

  Tafel Slope
(mVdec-1)

Ref

CoP Ti foil 77 50 [14]

g-CoP@NF VDNCs Ni foam 71 46.7 [15]

CoP@PCM Natural wood 155 58.8 [16]

CoP@CNT 122 54 [17]

CoP-CNTs 139 52 [18]

CoP/CC Carbon cloth 95 119 [19]

CoP@NPMG 146 58 [20]

CoP/C 90 128 [21]

CoP-CNT 119 64 [22]

V,N-CoP/CC Carbon cloth 81 59 [23]

CoP@C 236 78 This work



Table S6 Summary of various catalytic electrodes for overall water splitting in 1 M KOH.

Catalyst
Cell Voltages

=10 mAcm-2 (V)
Ref

Mo-CoP 1.56 [24]

CoP/NFs 1.7 [25]

CoP/NCNHP 1.64 [26]

FeCoP 1.60 [27]

CP/CNTs/Co-S 1.74 [28]

Co2P 1.65 [29]

Co2P@Co3O4 1.57 [30]

C-CoP-1/12 1.65 [31]

CoP-Co2P@PC 1.56 [32]

Er-doped CoP 1.58 [33]

CoP@C 1.67 This work
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