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1. Experimental Section
1.1 Materials

Sodium nitrate (NaNO3), hexahydrate ferric chloride (FeCl3·6H2O), ruthenium dioxide 

(RuO2), and Nafion (5 wt%) were purchased from Shinopharm Chemical Reagent Co., Ltd. 

Milli-Q ultrapure water was used for all experiments. Nickel foam (NF) were used as the 

substrate. All chemicals were used as received without further purification.

1.2. Preparation of Ni/FeOOH electrode

Prior to the reaction, nickel (Ni) foam was firstly washed with HCl solution under 

ultrasonic for 20 min, ethanol and water several times to remove the surface impurities and to 

ensure a clean surface. For a typical run, sodium nitrate (1270mg) and hexahydrate ferric 

chloride (608mg) were dissolved in water (25 mL) at 100 oC for 8 min. Then, the as-made Ni 

foam was immersed into the heated solution (10s). The resulting Ni/FeOOH was then washed 

with ethanol and further dried at ambient temperature. The loading amount of the catalysts 

was 0.53 mg cm−2. In addition, a series of Ni/FeOOH-x (x=5, 10, 20; immersed time) 

products were also synthesized for different loading of the FeOOH. Relevant synthesis 

parameters was listed in Table S1.

1.3. Preparation of Ni + FeOOH electrode

To prepare FeOOH loaded electrodes, 2 mg FeOOH and 20 µL 5 wt% Nafion solution 

were dispersed in 0.2 mL 3:7 water/ethanol solvent. The mixture was ultrasonicated for about 

2 h to form a homogeneous ink. Then, 58 µL catalyst ink was loaded on a preprocessed Ni 

foam (1*1 cm2).  The loading amount of the catalysts was 0.53 mg cm−2.

1.4. Preparation of IrO2 electrode

To prepare IrO2 loaded electrodes, 2 mg IrO2 and 20 µL 5 wt% Nafion solution were 

dispersed in 0.2 mL 3:7 water/ethanol solvent. The mixture was ultrasonicated for about 2 h to 

form a homogeneous ink. Then, 58 µL catalyst ink was loaded on a preprocessed Ni foam 

(1*1 cm2). 

1.5 Material characterizations 

The X-ray diffraction (XRD) patterns were recorded on a Bruker D8 Advance X-ray 

diffractometer with Cu-Kα radiation (λ = 1.5418 Å) with a scan rate of 6° min-1. The SEM 

measurements were performed on ascanning electron microscope (FESEM, JSM-7610F, 10 

kV). The TEM and HRTEM measurements were taken with a JEOL JEM-F200 microscope 

operated. The X-ray photoelectron spectroscopy (XPS) measurements were conducted on a 

Kratos Axis Ultra DLD spectrometer. The ICP measurements were conducted on a Perkin-

Elmer Optima 3300DV ICP spectrometer for the loading analysis.

mailto:Ni@co0.85se
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1.6  Electrochemical characterizations 

Electrochemical measurements are performed with a CHI 730C electrochemistry 

workstation (CH Instruments, Inc., Shanghai) in a standard three-electrode system. The three-

electrode electrochemical cell was consisted of a Ni/FeOOH, a graphite carbon rod and a 

mercury oxide electrode (Hg/HgO) served as working electrode, counter electrode, and 

reference electrode, respectively.  Potentials are reported versus the reversible hydrogen 

electrode (RHE). All potentials were calculated with respect to RHE via the following 

equation: ERHE = E Hg/HgO + 0.059pH + 0.098 V. Polarization curves measurements were 

conducted in 1.0 M KOH and 1.0 M KOH + 0.5 M urea solution with a scan rate of 5 mV s-1. 

All the polarization curves are the steady-state ones after several cycles. The long-term 

durability test was performed using chronoamperometric measurements. The cyclic 

voltammogram (CV) 500 cycles durability test was conducted by potential cycling from 0.2 to 

1.8 V vs. RHE. The scan rate for cycling was fixed at 50 mV s−1. Double layer capacitance 

measurements were conducted by varying the scan rates (20-100 mV s−1 with an interval 20 

mV) in a potential window nearly without Faradaic process. The plot of the current density 

under a set overpotential vs. scan rates has a linear relationship, and its slope is the double 

layer capacitance. The polarization curves were establish as overpotential vs log current (log j) 

to get Tafel plots for evaluating the OER reaction kinetics of obtained catalysts. By fitting the 

Tafel plots (the linear portion) to the Tafel equation (η = blog(j) + a), the Tafel slope can be 

obtained. To reflect the real catalytic currents, all corresponding polarization curves shown in 

this paper were calibrated after i*Rs correction. E corrected = E measured – i*Rs (where 

Ecorr is the i*Rs-compensated potential, Emea is the experimentally measured potential, and 

Rs is the solution resistance, respectively). Electrochemical impedance spectroscopy (EIS) is 

a common method for investigating the as-constructed electron transfer kinetics in the OER 

and UOR process. The EIS measurements for the Ni/FeOOH were performed in  1.0 M KOH 

and 1.0 M KOH + 0.5 M urea solution at a bias voltage of 0.6 V vs. (Hg/HgO) using a 

graphite rod as the counter electrode with the frequency range from 100 KHz to 0.1 Hz. The 

turnover frequency (TOF) is defined as the number of H2 or O2 molecules generated per site 

per second: TOF = j/(n*F*N), where j is the measured current density (A cm−2), n is the mole 

number of electrons per mole of O2, F is the Faraday constant (96485 C mol−1), and N is the 

content of the catalyst (mol cm−2). All measurements were conducted at room temperature.
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2. Supplementary Figures:

Fig. S1. The XPS spectra of FeOOH sample.
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Fig. S2. The EDS of FeOOH sample.
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Fig. S3. The mass activity curves synthesized Ni/FeOOH under 1M KOH and 1M KOH + 
0.5M urea electrolytic system.
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Fig.S4. The OER (a) Polarization curves and (b) Nyquist plots without fitting of synthesized 
Ni/FeOOH and bare Ni foam  in 1M KOH electrolytic system.
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Fig. S5. The UOR (a) Polarization curves and (b) Nyquist plots without fitting of synthesized 
Ni/FeOOH and bare Ni foam  in 1M KOH+0.5M urea electrolytic system.
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Fig. S6. The OER (a) Polarization curves and (b) Nyquist plots without fitting of synthesized 
Ni/FeOOH and IrO2 samples in 1M KOH electrolytic system.
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Fig. S7. The UOR (a) Polarization curves and (b) Nyquist plots without fitting of synthesized 
Ni/FeOOH and IrO2 samples in 1M KOH + 0.5M urea electrolytic system.
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Fig. S8. The parameter of Nyquist plots for UOR and OER of Ni/FeOOH electrodes. 
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Fig. S9. the Nyquist plots without fitting of Ni/FeOOH electrode recorded at open-circuit 
voltage with a frequency range of 100 kHz to 0.1 Hz in UOR process under different 
conditions (0.5-0.8V).
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Fig. S10. the LSV curves recorded for Ni/FeOOH electrode before and after 500CV under 
UOR process.
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Fig. S11. the Nyquist plots without fittingof Ni/FeOOH electrode recorded at open-circuit 
voltage with a frequency range of 100 kHz to 0.1 Hz in UOR process.
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Fig. S12. The  HR-TEM  of Ni/FeOOH electrodes after stability test .
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Fig. S13. The high-resolution XPS Fe 2p (a) and O 1s (b) spectra of Ni/FeOOH electrode 

before and after OER.
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Fig. S14. The  parameter of Nyquist plots for UOR of Ni/FeOOH-x (x= 5, 10, 20) electrodes. 
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Fig. S15.  The HER (a) iR-corrected Polarization curves and (b) Nyquist plots of synthesized 
Ni/FeOOH samples in 1.0 M KOH and 1.0 M KOH+0.5M urea electrolytic system. (c) 
Polarization curves of Ni/FeOOH electrode for overall water splitting and urea electolysis 
(inset shows a schematic diagram of the urea electolysis). (d) time-dependent current density 
curve of Ni/FeOOH samples(1.6V).
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Fig. S16. The Nyquist plots without fitting for urea and water electrolysis of Ni/FeOOH 
electrodes. 
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Fig. S17. The Polarization curvesr OER (1 M KOH) of Ni/FeOOH and counterpart 
Ni+FeOOH electrodes. 
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Fig. S18.  TOF curves of Ni/FeOOH hybrid electrode, Ni+FeOOH, commercial IrO2 sample.
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Fig. S19. (a) the long-time i-t curves of Ni+FeOOH hybrid electrode for UOR under a 
constant potential. (b) Nyquist plots without fitting before and after i-t test for UOR of 
Ni+FeOOH sample.
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Fig. S20.  CV curves of Ni+FeOOH electrodes at different scan rates from 20 to 100 mV s-1. 
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3. Supplementary Tables
Table S1. Summarized the relevant synthesis parameters of Ni/FeOOH-x (x=5 , 10 , 20) 
hybrid electrodes.

Samples NaNO3(mg) FeCl3.(mg) H2O
(mL)

Time
(s)

Ni/FeOOH-5 1270 608 30 5

Ni/FeOOH-10 1270 608 30 10

Ni/FeOOH-20 1270 608 30 20
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Table S2. Comparison of UOR catalytic performance for Ni/FeOOH-x (x=5 , 10 , 20) 
electrocatalysts. 

Catalysts E @ 100 mA cm-2

Ni/FeOOH-5 1.449

Ni/FeOOH-10 1.407

Ni/FeOOH-20 1.473
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Table S3. Comparison of the OER performance of Ni/FeOOH catalyst with other reported 
OER catalysts

Catalyst Loading/mg Tafel slope
(mV dec-1)

j (mA cm-
2)

E/ V vs. RHE Reference

Ni/FeOOH 0.53 97 50 1.52 This  work
CC/CoO 0.19 44 10 1.56 1.Nat. Commun., 2016, 7, 12876.

Fe(OH)3:Cu(OH)2 2.8 42 10 1.59 2.ChemComm, 2016,52, 14470-
14473

Fe-CoOOH/G 0.20 37 10 1.56 3.Adv. Energy Mater. 2017, 
1602148

NiCo2S4 nanowire Not give 40.1 10 1.57 4.Adv. Funct. Mater. 2016,
26, 4661

CoMnP 0.284 61 10 1.56
5.J. Am. Chem. Soc, 2016, 138, 
4006-4009

NF/Ni@Mo2C-PC 2.0 150 10 1.53 6.Chem. Sci., 2017, 8,
968-973.

CoTe  NR/NF 1.3 75 100 1.58 7.Small Methods 2019, 3, 
1970013

Ni3S2/AT-Ni Not give 163 10 1.547 8.Electrochimica Acta 174 (2015) 
297–301

NiCo2O4 hollow
microcuboids

1.0 53 10 1.52 9.Angew. Chem. Int. Ed. 2016, 55, 
6290 –6294

Au-Ir 20 μg cm-2 36.9 10 1.475 10.Nature Communications，
2020，DOI: 10.1038/s41467-020-
15391-w

CoOOH NS 0.15 38 10 1.53 11.Angew. Chem. Int. Ed. 2015, 
54, 8722 –8727

NF@Co-HNNs Not give 170 10 1.555 12. 
ChemElectroChem,2019,62050-
2055

FeOOH2 nm/LDH 0.25 35 50 1.48 13.ACS Catal. 2018, 8, 
11342−11351

Co2Mo3O8 0.14 87.5 10 1.561 14.Angew. Chem. Int. Ed. 2020,
DOI: 10.1002/anie.202004533

Ni-Doped AlOOH Not give Not give 10 1.55 15.ACS Sustainable Chem. Eng. 
2019, 7, 5953−5962

Cu foil/Co3O4-C 0.2 70 10 1.52 16.J. Am. Chem. Soc., 2014, 136, 
13925-13931

CVN/CC 2.0 64.1 10 1.557 17.Applied Catalysis B: 
Environmental 241 (2019) 521–
527

VOOH 0.8 68 50 1.55 18.Angew. Chem. 2017, 129, 588 
–592, DOI: 
10.1002/anie.201610211

FeOOH Not give Not give 7 1.8 19.J. Mater. Chem. A, 2017,5, 
2021-2028

Au foil/CoP/PO4 Not give 65 30 1.56 20.Adv. Mater., 2015, 27, 3175-
3180.
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Table S4: Comparison of the UOR performance of NF/FeOOH catalyst with other reported 
UOR catalysts. 

Catalyst Loaging/mg Tafel slope
(mV dec-1)

j (mA cm-2) E / V 
vs. RHE

Reference

0.53 26 10 1.373

0.53 26 50 1.393

0.53 26 100 1.407

Ni/FeOOH

0.53 26 200 1.427

This  work

NF/NiMoO-
Ar

4.5 19 100 1.42 21.Energy Environ. Sci., 2018, 11, 
1890-1897.
DOI: 10.1039/C8EE00521D

NF/MnO2 1.5 75 100 1.45 22.Angew. Chem. Int. Ed, 
2016, 55, 3804-3808

Ni2P/CFC Not give 78 50 1.55 23.Electrochem. Acta, 2017,
 254, 44-49.

NiCo alloy 1.0 Not give 10 1. 5 24.Sci. Rep., 2014, 4, 5863

HC-NiMoS 1.42 19.2 60 1.39 25.Nano Research, 2018,11, 988-996

Ni(OH)2 0.535 Not give 10 1.42 26.Angew. Chem. Int. Ed., 2016, 55, 
12465-12469

NF-Pt/C 1.5 105 10 1.48 27.Angew. Chem. Int. Ed, 2016, 55, 
3804-3808

Rh-Ni Not give Not give 30 1.58 28.J. Power  sources , 2011, 196, 
9579-9584

Ni(OH)2-
graphene

Not give Not give 10 1.43 29.Electrochem. Acta, 2013, 89,
 732-736.

Ni-Co 0.67 Not give 30 1.6 30.Electrochem.
Acta 2012, 61, 25–30

Ni  wires 1.3 Not give 30 1.51 31.Electrochem.
Acta 2014, 134, 266–271
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