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Synthesis of single-phase cobalt phosphide (CoPx) on nickel foam (NF)

The cobalt carbonate hydroxide (CoCH) precursor was synthesized by using a method 

reported by Huang et al.[1] Firstly, 2 mmol Co(NO3)2·6H2O and 10 mmol urea were dissolved in 

35 mL of deionized water, and stirred violently for 0.5 h. And then, the above pink solution was 

transferred into a Teflon lined stainless-steel autoclave with 50 mL capacity, where a piece of 

pretreated Ni foam (2×3 cm2) was immersed and allowed to stand against the wall, After wards, 

the autoclave was sealed and maintained at 120 °C for 6h and left to cool down to room 

temperature naturally. Finally, the CoCH precursor was washed with deionized water and absolute 

ethanol several times and finally dried at 60 °C for overnight. To obtain the single-phase CoPx, the 

as-prepared precursor was annealed in Ar atmosphere in the presence of NaH2PO2·H2O (0.3 g) as 

the phosphorus source at 300 °C with the ramping rate of 2 °C·min-1 and kept for 2 h.

Preparation of Pt/C on NF

40 wt.% Pt/C (5 mg) was dispersed into 2 mL mixed solution containing 0.48 mL water, 0.02 

mL 5% Nafion solution, and 0.5 mL ethanol. The solution was then ultrasonically treated for 30 

minutes to form a uniform catalyst ink (2.5 mg·mL-1). Then, 0.05 mL catalyst ink was loaded on 

the NF electrode with the surface area of 1.0 cm2 for four times, and dried at room temperature for 

24 h. Consequently, the loading mass of Pt/C was around 0.5 mg·cm-2.

Fig. S1 Low and high-magnifications SEM images of CoMoO4.



Fig. S2 Low and high-magnifications SEM images of CoMoO4@a-CoPx.

Fig. S3 Low and high-magnifications TEM images of CoMoO4@a-CoPx.



Fig. S4 XRD pattern of CoMoO4 annealed at 300°C.

Fig. S5 Raman spectra of CoMoO4 and CoMoO4@a-CoPx samples



Fig. S6 XRD pattern of CoPx material.

Fig. S7 Equivalent electrical circuit used to model the HER kinetics process. Rs is the solution 
resistance, CPE (on the left ) and Rp are the element and resistance describing electron transport at 
catalyst interface, respectively. CPE (on the right) is the element of the catalyst/electrolyte 
interface, and Rct is the charge transfer resistance at catalyst/electrolyte interface.[2]



 

Fig. S8 Cyclic voltammograms curves of CoMoO4 (a), a-CoPx (b), CoMoO4@a-CoPx (c), and 
Pt/C (d).

Fig. S9 Durability tests of CoMoO4, CoPx, CoMoO4@a-CoPx, and Pt/C.



Fig. S10 (a-c) SEM images of CoMoO4@a-CoPx after the stability test. 

Fig. S11 (a) Co 2p, (b) Mo 3d, (c) O 1s and (d) P 2p XPS spectra of CoMoO4@a-CoPx samples 
before and after the stability test.



Fig. S12 (a) The HER iR-corrected polarization curves of CoMoO4 with difference of the 
phosphating time at 300 °C as a scan rate of 2 mV·s-1 in 1 M KOH. (b) The corresponding Tafel 
plots. (c) Nyquist plots of the catalysts obtained at a potential of -0.1 V vs. RHE.

Fig. S13 The HER iR-corrected polarization curves of CoMoO4 with different phosphating 
temperature in 1 M KOH.



Fig. S14 Corresponding Tafel plots derived from Fig. S13.

Fig. S15 EIS plots of CoMoO4/a-CoPx-x (x=2.5, 3, 3.5, 4, 4.5 and 5) with different phosphating 
temperature.



Fig. S16 The capacitive currents at 0.15 V vs. RHE as a function of scan rate for the 
corresponding catalysts in 1 M KOH solution.

Fig. S17 Cyclic voltammograms curves of NF (a); CoMoO4 electrodes after phosphating 
treatment at (b) 250 °C, (c) 350 °C, (d) 400 °C, (e) 450 °C and (f) 500 °C for 2h in region of 
0.1~0.2 V vs. RHE at various scan rate. (f) The capacitive currents at 0.15 V vs RHE as a function 
of scan rate for the corresponding catalysts (1 M KOH solution).



Fig. S18 XPS spectra [Co 2p, Mo 3d, O 1s, P 2p] of CoMoO4/a-CoPx-2.5.

Fig. S19 XPS spectra [Co 2p, Mo 3d, O 1s, P 2p] of CoMoO4/a-CoPx-5.



Fig. S20 XPS spectra O 1s of CoMoO4, CoMoO4/a-CoPx-2.5, CoMoO4@a-CoPx and CoMoO4/a-
CoPx-5.

Fig. S21 XPS spectra P 2p of CoMoO4/a-CoPx-2.5, CoMoO4@a-CoPx and CoMoO4/a-CoPx-5.



Fig. S22 Content diagram of elements in XPS before and after phosphating.

Fig. S23 EPR of CoMoO4/a-CoPx-2.5, CoMoO4@a-CoPx and CoMoO4/a-CoPx-5 samples.



Table S1 Activity comparison of CoMoO4@a-CoPx materials with other highly efficient 
transition metal-based catalysts at 1 M KOH for HER.

Overpotential(mV)Catalysts

j=10mA/cm2 j=100mA/cm2

Tafel slope 
(mV/dec)

Referenc
e

CoMoO4@a-CoPx/NF 74.7 144.3 64 This work
Ni2P–Ni12P5/NF 76 147 68 [3]

Mo-CoP/NC/TF 78 48.1 [4]

CoP/NPC/TF 80 50 [5]

CMP-350 94 197 93 [6]

Ni-doped FeP/C 95 72 [7]

N-NiMoO4/NiS2 99 - 74.2 [8]

Ni-SA/NC 102 120 [9]

S‑Doped MoP 104 56 [10]

CoP/CN/Ni 106 - 64.6 [11]

CoP3/CoMoP-5/NF 110 - 64.1 [12]

CoP/NCNHP 115 66 [13]

NiCo2O4@CoMoO4/NF-7 121 77 [14]

CoP NFs 136 - 56.2 [15]

H-Fe-CoMoS 137 - 98 [16]

Amorphous CoP 143 - 63 [17]

CoP/NCNT-CP 165 96 [18]

CoPx@CNS 171 - 129 [19]

CoP/Ni2P 200 - 103 [20]

CNP-2 200 103 [21]

Co2P/CoNPC 208 - 83.9 [22]

Table S2 EIS data of CoMoO4, a-CoPx, CoMoO4@a-CoPx and Pt/C in HER tests.

Samples Rs (Ω) Rct (Ω)
CoMoO4 1.240 29.00
CoPx 1.410 3.48
CoMoO4@a-CoPx 0.883 2.46
Pt/C 0.573 0.71



Table S3 Double layer capacitance (Cdl), calculated ECSA of the prepared materials over NF (Cs 
value is 1.7 mF cm-2).

Samples Cdl (mF) ECSA (cm2)
CoMoO4 2.0 1.2
a-CoPx 40.7 23.9
CoMoO4/ a-CoPx-2.5 25.5 15.0
CoMoO4@a-CoPx 58.8 34.6
CoMoO4/ a-CoPx-3.5 44.8 26.3
CoMoO4/ a-CoPx-4 65.9 38.6
CoMoO4/ a-CoPx-4.5 48.7 28.6
CoMoO4/ a-CoPx-5 47.2 27.7
Pt/C 29.9 17.6

Table S4 Elemental quantification results of CoMoO4, CoMoO4/a-CoPx-2.5, CoMoO4@a-CoPx 
and CoMoO4/a-CoPx-5 through XPS analysis.

          Atomic (%)
Samples

Co Mo O P

CoMoO4 14.06 13.95 71.99 --
CoMoO4/a-CoPx-2.5 13.64 11.82 66.47 8.07
CoMoO4@a-CoPx 13.8 4.53 65.35 16.32
CoMoO4/a-CoPx-5 13.86 2.95 66.96 16.23

“--” indicate there is no this element in sample.
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