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EXPERIMENTAL SECTION

Synthesis of NO and NFO hollow microspheres. The nickel oxide based 

microspheres were synthesized by coprecipitation method. In brief, 20 mmol 

Ni(NO3)2·6H2O (99.99%, Sigma Aldrich) was dissolved in 50 ml deionized water. 

The solution was kept stirring at 70 °C. Then, 50 ml of 1 M dilute ammonia water was 

gradually added in it at a drop rate of 5 ml min-1 and stirred at 70 °C for 30 minutes. 

The product was harvested by centrifugation at 10000 rpm for 5 minutes and 

thoroughly washed 3 times by deionized water to remove the impurity ions. After that, 

the product was dried at 80 °C for 5 h then calcined at 450 °C for 2 h in air at heating 

rate of 5 °C min-1. NFO hollow microspheres were also prepared by the same method 

by using 18 mmol Ni(NO3)2 together with 2 mmol Fe(NO3)3·9H2O (99.95%, Sigma 

Aldrich) as substrates.

Physical characterization. The crystal structure was characterized by X-ray 

diffraction (XRD, D/max-2500, Rigaku). The morphology and elemental mapping 

were performed by scanning electron microscopy (SEM, JSM-7001F, JEOL). The 

microstructure was analyzed by transmission electron microscopy (TEM, JEM-2010, 

JEOL). The specific surface area (SSA) was measured by surface area analyzer 

(Quadra Sorb SI, Quantachrome). The elemental chemical state was measured by X-

ray photoelectron spectrometer (XPS, Escalab 250Xi, Thermo Fisher Scientific).

Electrochemical characterization. The electrocatalytic urea splitting properties of 

NO and NFO were tested by electrochemical workstation (CHI-760E, CH Instrument). 

UOR and HER properties were characterized by a three-electrode system, where 
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Ag/AgCl was used as the reference electrode, Pt sheet and carbon rod were used as 

counter electrode for OER/UOR and HER, respectively. The working electrode was 

fabricated by dropping the evenly dispersed mixture of oxide powders, Nafion 117 

(Aldrich), and ethanol on the carbon fiber paper (CFP) and dried naturally with 

catalyst loading of 0.5 mg cm-2. The HER performance of commercial Pt/C (10%, JM) 

and OER and UOR performance of commercial IrO2 (99.9%, Aladdin) were also 

measured by the same method for comparison. The test solution was 1 M KOH with 

or without 0.33 M urea. The scanning rate of linear scanning voltammetry (LSV) was 

5 mV s-1. The test potential of electrochemical impedance spectroscopy (EIS) was 

0.35 V and -1.125 V vs Ag/AgCl for UOR and HER, respectively, while frequency 

range was 100k~0.1 Hz. Urea splitting performance of NO and NFO were 

characterized by two-electrode method. LSV analysis was implemented in the same 

way as mentioned above. The stability of the material was tested by 

chronopotentiometry at current density of 10 mA cm-2. Cyclic voltammetry (CV) was 

applied to measure the electrochemically active surface area (ECSA) in a non-faradic 

range of 0-0.1 V vs. Ag/AgCl at scan rate of 10-50 mV s-1. All LSV curves were 

corrected with 95% iR-compensation. All the tests were performed at room 

temperature.

Calculation Details. All first-principles calculations were performed based on the 

DFT using CASTEP code with plane-wave pseudoptential total energy scheme 

method. The electronic exchange correlation interactions were processed using the 

LDA, the average force acting on ions was reduced to 1.0×10-6 eV atom-1. The mean 
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Hellmann-Feynman force acting on each atom was 0.01 eV A-1. Convergence tests 

with respect to k mesh point (4×4×4) and kinetic energy cutoff were performed (500 

eV) for all crystals.
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Fig. S1 SEM images of NO microspheres at (a) low magnification and (b) high 

magnification.
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Fig. S2 Elemental mapping analysis of (a) NO and (b) NFO microspheres.
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Fig. S3 TEM images of NO microsphere at (a) low magnification and (b) high 

magnification.
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Fig. S4 Specific surface areas of NO and NFO microspheres.
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Fig. S5 XPS spectra of NO and NFO microspheres: (a) Ni 2p, (b) Fe 2p, (c) O 1s.
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Fig. S6 EIS spectra of NO and NFO in 1 M KOH with 0.33 M urea.
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Fig. S7 UOR current density of NO and NFO at 1.4 V vs RHE with 0.33 M urea.
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Fig. S8 Chronopotentiometry curves of NO and NFO microspheres for UOR at 

current density of 10 mA cm-2.
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Fig. S9 EIS spectra of NO and NFO in 1 M KOH with and without 0.33 M urea.
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Fig. S10 HER current density of NO and NFO at -0.1 V vs RHE with and without 

0.33 M urea.
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Fig. S11 Chronopotentiometry curves of NO and NFO microspheres for HER at 

current density of 10 mA cm-2.
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Fig. S12 UOR, HER and overall urea splitting property of NFO microspheres with 

and without XC-72R: (a,b) LSV and EIS curves of UOR, (c,d) LSV and EIS curves of 

HER, (e) LSV curves for overall urea splitting.
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Fig. S13 CV curves of (a) NO and (b) NFO microspheres at different scan rates (10, 

20, 30, 40 and 50 mV s-1).
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Fig. S14 The currents of NO and NFO microspheres at 0.05 V vs. Ag/AgCl plotted as 

a function of scan rates.
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Fig. S15 The ECSA of NO and NFO microspheres.
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Fig. S16 The overall urea splitting activity of NO and NFO microspheres by ECSA.
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Fig. S17 Crystal structures of (a) NO and (c) NFO and calculated band structures of 

(b) NO and (d) NFO.
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Table S1. Resistance of NO and NFO for UOR.

Resistance (Ω) NO NFO
Rs 1.0 1.0
Rp 13.8 4.4
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Table S2. Resistance of NO and NFO for HER.

Without 0.33 M Urea With 0.33 M Urea
Resistance (Ω)

NO NFO NO NFO
Rs 0.9 0.9 0.9 0.9
Rp 17.6 7.9 17.9 9.7
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Table S3. Comparison of urea electrocatalytic property in 1 M KOH at 10 mA cm-2.

Catalyst Urea (M) UOR (V) HER (mV) Urea splitting (V) Ref.

NFO 0.33 1.365 -72 1.455 This work
VNi-α-Ni(OH)2-x 0.33 1.398 N N 1

LaNiO3 0.33 1.376 N N 2

Ni/C 0.33 1.388 -40 1.6 3

NiFe DH/NF 0.33 1.45 N N 4

Ni-MOF 0.33 1.36 N N 5

Ni3N NA/CC 0.33 1.35 -136 1.44 6

M-Ni(OH)2 NS 0.33 1.39 N N 7

NiMoO/NF 0.5 1.37 -11 1.38 8

HC-NiMoS/Ti 0.5 1.37 -122 1.59 9

MnO2/MnCo2O4/NF 0.5 1.425 -277 1.55 10

r-NiMoO4/NF 0.5 1.365 N N 11

Ni(OH)2 NS/NF 0.6 1.425 N N 12
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Table S4. Resistance of NFO with and without XC-72R for HER and UOR.

HER UOR
Resistance (Ω)

NFO NFO+XC-72R NFO NFO+XC-72R
Rs 0.9 0.9 1.0 1.0
Rp 9.7 5.2 4.4 2.3
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