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1. Material characterization 

SEM pictures was observed by a field emission scanning electron microscope 

(JSM-7610). XRD patterns were measured using a X-ray powder diffractometer 

(Rigaku D-MAX 2500/PC). XPS were recorded from a X-ray photoelectron 

spectrometer (Thermo ESCALAB 250XI) equipped with a standard monochromatic 

Al-Kα source (hv =1486.6 eV). 
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2. Product analysis

Chronoamperometry experiments were performed at 1.38 V vs. RHE for product 

analysis and faradaic efficiency (FE) determination. Electrolysis was carried out in a 

H-type electrolytic cell with an anionic membrane (Alkymer W-25) under Ar 

controlled atmosphere. MWCNT-NiMOF(Fc)/NF with a mass loading of 2 mg cm-2 

was used as the working electrode. Hg/HgO electrode and platinum plate were 

employed as reference electrode and counter electrode, respectively. The anolyte and 

catholyte used were 1.0 mol L-1 KOH containing 0.33 mol L-1 urea, and the volume of 

solution in each compartment was 30 mL. Gas chromatography (GC 7900, Techcomp, 

Ar as carrier gas) was selected to analysis the produced N2. NO2
- were analyzed by 

ion chromatography (ICS-600, Thermo Scientific) with a Dionex IonPac AS19 – 4 

μm 2 × 250 mm column and using 25 mmol L-1 KOH as the mobile phase. 

The faradaic efficiency (FE) of reaction products was calculated from: 

𝐹𝐸=
𝑚 × 𝑛 × 𝐹
𝑄𝑡𝑜𝑡𝑎𝑙

× 100%

where n is the number of electrons transferred (6 for N2 and NO2‾), F Faraday 

constant, Qtotal charge, and m total of product (mole).
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3. Electrochemical measurements

All electrochemical tests were performed by a CHI 660E electrochemical 

workstation (Shanghai Chenhua) at room temperature. In a three-electrode system, a 

glassy carbon electrode (GCE) loaded with active material was used as working 

electrode, with a platinum sheet (1 cm × 1 cm) electrode as counter electrode and a 

Hg/HgO electrode as reference electrode. The measured potentials were converted to 

reversible hydrogen electrode (RHE) potentials by the following equation: ERHE = 

EHg/HgO + 0.098 + 0.059 × pH. The overall urea and water splitting electrolysis cell 

used a two-electrode system with Pt/C/NF as the cathode and MWCNT-

NiMOF(Fc)/NF as the anode. 

The working electrode was activated in electrolyte solution for 30 cycles at a 

scan rate of 100 mV s-1 between 1.06 V and 1.86 V. Linear sweep voltammetry (LSV) 

curves were obtained in electrolyte solution at a scan rate of 20 mV s-1. 

Electrochemical impedance spectroscopy (EIS) measurements were conducted in 1.0 

mol L-1 KOH solution, 1.0 mol L-1 KOH solution with 0.33 mol L-1 urea and different 

concentrations of KOH solution with 0.33 mol L-1 urea, respectively. In the three 

types of solutions mentioned above, the initial potentials for EIS testing were 1.50 V, 

1.38 V and 1.38 V, respectively, with a frequency range from 100 KHz to 0.1 Hz and 

an amplitude of 5 mV. The long-term stability tests were measured using the chrono-

potentiometric method. Double layer capacitance (Cdl) was calculated based on the 

cyclic voltammetry (CV) curves obtained in the apparently non-Faraday region at 

scan rates of 10, 20, 30, 40, and 50 mV s-1. The current densities corresponding to
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0.91 V were used for the calculation. Tafel plots of UOR and OER were extracted by 

LSV with a scan rate 5 mV s–1. For OER, the backward sweep of the LSV scan was 

used for constructing the Tafel plot.
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4. Equivalent circuit fitting results of Nquist plots obtained in urea solution

Table S1. Equivalent circuit fitting results of Nquist plots obtained in 1.0 mol L-1 KOH solution 

with 0.33 mol L-1 urea.

Electrodes Rs (Ω cm2) R1 (Ω cm2) R2 (Ω cm2)

MWCNT-NiMOF(Fc) 0.813 0.511 1.183

MWCNT-NiMOF 1.015 0.542 1.373

MWCNT/NiMOF(Fc) 1.154 1.722 2.283

NiMOF(Fc) 1.675 3.593 3.452

NiMOF 1.879 4.944 9.243
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5. CV curves of the NiMOF-based material modified electrodes scanned in the 

non-Faraday interval

Figure S1. CV curves of (a) NiMOF/GCE, (b) NiMOF(Fc)/GCE, (c) MWCNT/NiMOF(Fc)/GCE 

(d) MWCNT-NiMOF/GCE, and (e) MWCNT-NiMOF(Fc)/GCE in 1.0 mol L-1 KOH with 0.33 

mol L-1 urea at different scan rates.
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6. Comparison of UOR catalytic activity of Ni-based electrocatalysts on GCEs

Table S2. Comparison of UOR catalytic activity of Ni-based electrocatalysts on GCEs.

Catalysts
Potential @ 
10 mA cm-2 
(V vs. RHE)

Current 
density @ 1.6 
V (vs. RHE) 
(mA cm-2)

Electrolytes Ref.

Ni-MOF 1.36 120 urea (0.33 mol L-1) 1

NiCr/C 1.38 90 urea (0.33 mol L-1) 2

β-NiMoO4 1.498 - urea (0.5 mol L-1) 3

Ni2P 1.52 - urea (0.33 mol L-1) 4

Ni/C-1 ~1.35 95.47 urea (0.33 mol L-1) 5

Ni2P 1.39 - urea (0.33 mol L-1) 6

NiMn/C 1.40 42 urea (0.33 mol L-1) 7

Ni/Sn dendrites 1.41 - urea (0.33 mol L-1) 8

porous rod-like
Ni2P/Ni

1.47 - urea (0.33 mol L-1) 9

MWCNT-NiMOF(Fc) 1.38 173 urea (0.33 mol L-1) This work

mailto:density@1.0.0.5
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7. Forward sweep curve of LSV

Figure S2. Forward scanning LSV curves of NiMOF/GCE, MWCNT-NiMOF/GCE, and 

MWCNT-NiMOF(Fc)/GCE in 1.0 mol L-1 KOH solution.
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8. Equivalent circuit fitting results of Nquist plots obtained in KOH solution

Table S3. Equivalent circuit fitting results of Nquist plots obtained in 1.0 mol L-1 KOH solution.

Electrodes Rs (Ω cm2) R1 (Ω cm2) R2 (Ω cm2)

MWCNT-NiMOF(Fc) 0.991 0.618 0.778

MWCNT-NiMOF 1.218 0.783 3.671

NiMOF 2.010 2.881 10.563
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9. Comparison of OER catalytic activity of Ni-based electrocatalysts on GCEs

Table S4. Comparison of OER catalytic activity of Ni-based electrocatalysts on GCEs.

Catalysts
Overpotential @ 

10 mA cm-2 
(mV)

Tafel slope 
(mV dec-1)

Electrolytes Ref.

Ni0.6Co1.4P 300 80 KOH (1.0 mol L-1) 10

Ni-MOF(BTC) 346 64 KOH (1.0 mol L-1) 11

NP/NiO 332 65.6 KOH (1.0 mol L-1) 12

NiFe-LDH 275 56.7 KOH (1.0 mol L-1) 13

Ni/CoMoS4/Ni3S2 338 53 KOH (1.0 mol L-1) 14

Ni-Doped AlOOH 320 63 KOH (1.0 mol L-1) 15

Ni-BDC@NiS 295 62 KOH (1.0 mol L-1) 16

Mo-Ni-Se 397 - KOH (1.0 mol L-1) 17

Co0.95Cr0.05Fe2O4 293.3 76 KOH (1.0 mol L-1) 18

MWCNT-NiMOF(Fc) 274 42 KOH (1.0 mol L-1) This work
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10. Equivalent circuit fitting results of Nquist plots obtained in different 

concentrations of KOH solution with 0.33 mol L-1 urea

Table S5. Equivalent circuit fitting results of Nquist plots obtained in different concentrations of 

KOH solution with 0.33 mol L-1 urea.

Concentrations of 
KOH (mol L-1)

Rs (Ω cm2) R1 (Ω cm2) R2 (Ω cm2)

0.25 0.889 3.877 2.374

0.5 0.478 1.351 1.784

1.0 0.276 0.703 0.776

2.0 0.178 0.583 0.856

3.0 0.121 0.643 0.667

4.0 0.096 0.598 0.784

5.0 0.108 1.196 0.799



 S14

11. Calibration curves for N2 and NO2
- determination 

Figure S3. Calibration curves for N2 (a) and NO2
- (b) determination.
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12. Faradaic efficiency of N2 and NO2
-

Figure S4. Faradaic efficiency of N2 and NO2
-
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