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Experimental Section

Chemicals and Materials

All chemical reagents are analytically pure and can be used directly without further
purification, including Ni foam (NF), deionized water (H,0O), potassium hydroxide
(KOH), urea (CO(NH,),), methyl alcohol (CH3OH), nickel nitrate hexahydrate
(Ni(NOs3),-6H,0), 2-methylimidazole (C4HgN,), cobalt nitrate hexahydrate
(Co(NO3),-6H,0). In addition, Ni foam (NF) was used after sonication for 15 min in
acetone, methanol, and deionized water, respectively. Then, it was cleaned with DI

water and absolute ethanol.

Synthesis of NiCo-LDH/NF

Typically, Ni(NO3),-6H,0 (0.462 g), Co(NO3),-6H,0 (0.22 g), and CO(NH,), (0.72 g)
were dispersed into deionized water (35 mL) and stirred for 30 min. Then, the above
solution and pretreated NF (1 cm x 4 cm) were transferred to a 50 mL Teflon-lined
autoclave and heated at 120 °C for 8 h. The autoclave was slowly cooled to room
temperature. After washing several times with deionized water and ethanol. The

resulting catalyst was dried at 80 °C for 6 h, the drying NiCo-LDH/NF was obtained.

Synthesis of NiCo-LDH/ZIF-67

The NiCo-LDH/ZIF-67 was synthesized by a one-step synthesis method at normal
temperature. Typically, solution A: 2-methylimidazole (0.8 g), and solution B:
Co(NOs3),-6H,0 (0.291 g) were dispersed into methyl alcohol (20 mL), respectively.

After stirring for 15 min, solutions A and B were mixed for 15 min. Subsequently, the
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NiCo-LDH/NF was tilted into the mixture solution and resting for 24 h at room
temperature. After washing several times with methyl alcohol. The NiCo-LDH/ZIF-67

was dried at 80 °C for 6 h.

Synthesis of CNCP-T (200, 300, 350, 400)

A porcelain boat containing 300 mg of sodium hypophosphite was placed upstream of
the tube furnace, and the downstream was NiCo-LDH/ZIF-67. Then the tube furnace
was heated at 200, 300, 350, and 400 °C in the argon atmosphere for 2 h with a heating

rate of 2 °C min™! to synthesize CNCP-200, CNCP-300, CNCP-350, and CNCP-400.

Synthesis of CoP

As a controlled sample, ZIF-67 was grown directly on bare NF, and then put into a tube
furnace and heated in an argon atmosphere at 350°C for 2 h at a heating rate of 2°C

min~! for synthesis.

Synthesis of NiCoP

The synthesis process of NiCoP is similar to that of CoP, but using NiCo-LDH in the

precursor solution.

Physical Characterizations

X-ray diffraction (XRD) patterns were obtained from a Rigaku TTR III with Cu Ka
radiation. Scanning electron microscopy (SEM) images were recorded by a JEOL JSM-

6480A. The high-resolution transmission electron microscope (HRTEM) and scanning

TEM (STEM)-EDS analysis were acquired from a Tecnai G2 F20 S-TWIN. X-ray



photoelectron spectroscopy (XPS) was performed on a Thermo ESCALAB 250.

Electrochemical measurements

The electrochemical measurements were performed on an Ivium electrochemical
workstation (Ivium-n-Stat, Holland) with a three-electrode system. The CNCP-T,
NiCo-LDH/ZIF-67, and NiCo-LDH as the working electrode, Ag/AgCl (saturated
KCl), and graphite rod were used as the reference and counter electrodes, respectively.
If not specifically mentioned, UOR tests were carried out in Nj-saturated 1 M KOH
with 0.5 M urea electrolyte, and HER tests were carried out in Nj-saturated 1 M KOH,
respectively. All potentials measured were calculated relative to versus reversible
hydrogen electrode (RHE) and calculated using the formula: £(RHE) = E(Ag/AgCl) +
0.197+ 0.0592 pH. The Tafel plots were derived from the Tafel equation n=blogj+a

(where 7 1s the overpotential, b is the Tafel slope, j is the current density).

Figure S1. The SEM image of CNCP-350.
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Figure S2. (a) The LSV curves of CNCP-T in the 1.0 M KOH + 0.5 M urea. (b) Tafel
plots of the CNCP-T. (c) The LSV curves of CNCP-350 with different phosphating
amounts in the 1.0 M KOH + 0.5 M urea. (d) Tafel plots of the CNCP-350 with different

phosphating amounts.
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Figure S3. LSV curves of CNCP-350 and NF in 1 M KOH + 0.5 M urea electrolyte.
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Figure S4. The LSV curves of NiCoP, CoP, and CNCP-350 in 1.0 M KOH + 0.5 M

urca.
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Figure S5. (a-c) UOR: the CV curve of the NiCo-LDH, NiCo-LDH/ZIF-67 and CNCP-
350 (20-100 mV s7).
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Figure S6. The chronoamperometric response of CNCP-350 in 1.0 M KOH + 0.5 M
urea at 100 mA cm 2 for 40 h (UOR).
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Figure S7. (a-c) HER: the CV curve of the NiCo-LDH, NiCo-LDH/ZIF-67 and CNCP-
350 (20-100 mV s7).
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Figure S8. The chronoamperometric response of CNCP-350 in 1.0 M KOH + 0.5 M
urea at 100 mA cm 2 for 40 h (HER).
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Figure S9. The chronoamperometric response of CNCP-350 in 1.0 M KOH + 0.5 M
urea at 100 mA cm2 for 40 h (HERIUOR).



Table S1. Comparison of the UOR activity of the CNCP-350 and several recently
reported catalysts.

Materials Electrolyte Potential (V) Current Reference
density (mA
cm?)

FeNi;-MoO, 1.0 M KOH+0.5 1.290 V 10 mA cm™ 1
M urea

Ni-NiO- 1.0 M KOH+0.5 1.330 V 50 mA cm™2 2
Moy 34Niy 16 M urea

Ni;S,/Ni 1.0 M KOH+0.5 1.300 V 10 mA cm™ 3
M urea

Ni3;S,—NizP 1.0 M KOH+0.5 1.379V 100 mA cm™ 4
M urea

C-350 1.0 M KOH+0.5 1337V 10 mA cm™2 5
M urea

NiFe(OH),/NisN 1.0 M KOH+1 1.360 V 10 mA cm™ 6
M urea

Ni-S-Se 1.0 M KOH+0.5 1.380V 10 mA cm™ 7
M urea

O-NiMoP 1.0 M KOH+0.5 1.410V 100 mA cm™ 8
M urea

NiCo,S4 NS 1.0 M KOH+0.5 1.272V 10 mA cm™2 9
M urea

CNCP-350 1.0 M KOH+0.5 1.245V 10 mA cm™ This work

M urea

Table S2. Impedance fitting data of the CNCP-350, NiCo-LDH/ZIF-67 and NiCo-

LDH.

Materials Ry(Q) R(2)
NiCo-LDH 0.625 0.667
NiCo-LDH/ZIF-67 0.621 0.488




CNCP-350 0.619 0.393

Table S3. Comparison of the HER activity of the CNCP-350 and several recently
reported catalysts.

Materials Electrolyte Overpotential Current Reference
(mV) density (mA
cm2)
Ni3S;—Ni;P/NF- 1.0 M KOH 122 mV 10 mA cm™ 4
2
Ni-S-Se/NF 1.0 M KOH 98 mV 10 mA cm™ 7
Co—Ni—P-2 1.0 M KOH 103 mV 10 mA cm™ 10
Cu@NC NT/CF 1.0 M KOH 123 mV 10 mA cm™ 11
Co, WS, 1.0 M KOH 189 mV 10 mA cm™ 12
NiTe/rGO/NF 1.0 M KOH 170 mV 10 mA cm™ 13
CoMo,S-CC 1.0 M KOH 85 mV 10 mA cm™ 14
MNPBA-P 1.0 M KOH 134 mV 10 mA cm™ 15
Ni;N/NF 1.0 M KOH 120 mV 10 mA cm™ 16
CNCP-350 1.0 M KOH 65 mV 10 mA cm™ This work

Table S4. Comparison of the dual-electrode UOR activity of the CNCP-350 and several

recently reported catalysts.

Materials Electrolyte Potential (V) Current Reference
density (mA
cm?)
FeNiz-MoO, 1.0 M KOH+0.5 1.370 V 10 mA cm™2 1
M urea
Ni-NiO- 1.0 M KOH+0.5 1.370 V 10 mA cm™ 2




Moy 34Niy 16 M urea

Ni3S,/Ni 1.0 M KOH+0.5 1.360 V 10 mA cm™ 3
M urea

Ni3S,—Ni;P 1.0 M KOH+0.5 1430V 10 mA cm™ 4
M urea

NizN 1.0 M KOH+0.5 1.370 V 10 mA cm™ 16
M urea

MNPBA-P 1.0 M KOH+1 1.500 V 10 mA cm™ 15
M urea

Ni-S-Se 1.0 M KOH+0.5 1.470 V 10 mA cm™2 7
M urea

O-NiMoP 1.0 M KOH+0.5 1.360 V 100 mA cm™ 8
M urea

NiCo,S4 NS 1.0 M KOH+0.5 1.450 V 10 mA cm™ 9
M urea

CNCP-350 1.0 M KOH+0.5 1.245V 10 mA cm™ This work
M urea
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