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1. Experiment Section
1.1 Materials

NaBH, (Sinopharm Chemical Reagent Co., Ltd. analytically pure), Fe( NOs);-9H,0
(Aladdin, > 99.9%), IrO, (Macklin, Ir=84.5%). FeCl; (Macklin, analytically pure),
NaNOj; (Sinopharm Chemical Reagent Co., Ltd.analytically pure), Nafion dispersion,
anhydrous ethanol (99.9%), hydrochloric acid (37%), acetone, deionized water. All
chemicals were used as received without further purification.
1.2 Preparation of FeOOH

Smmol FeCl; and 20mmol NaNO; were dissolved in 50ml deionized water,

ultrasonic until completely dissolve!-2. After stirring and heating to 100°C, it was kept

for 15min. The cooled reaction liquid was centrifuged, rinsed and dried. The brick red
powder (Fig. S2b), denoted as FeOOH, was obtained.
1.3 Electrode preparation

Nickel foam was cut into small rectangular pieces of 1*3cm?. After ultrasonic
cleaning with 3mol L-! HCI for 15 min, they were washed with deionized water,
anhydrous ethanol and acetone for three times. After absorbing the surface moisture,
they were placed in a vacuum drying oven at 60°C for 6h.

5.0 mg Vo-FeOOH, FeOOH and IrO, were added into a 1.5ml centrifuge tube,
and 600ulL deionized water, 400uL dehydrated alcohol and 10uL nafion dispersion
were added with a pipette gun, and ultrasounded for 60 min. The prepared ink was
applied to NF ( 1*1cm? ) with a pipette at 25 uL each time, and dried for 15 min after
each application, for a total of 4 times (Fig. S2). In order to seek the best performance,
five samples of 25, 50, 75, 100 and 125 uL were prepared, which were recorded as
Vo-FeOOH,5(25ul), Vo-FeOOH;5o(50ul), Vo-FeOOH75(75uLl), Vo-FeOOH ¢o(100uLl)
and Vo-FeOOH,5(125ul). The electrochemical performance test shows that V-
FeOOH ) has the best chemical performance, denoted as Vo-FeOOH.

1.4 Electrochemical characterizations
Electrochemical performance tests were performed at room temperature using an

electrochemical workstation (DH7000C, Donghua, Jiangsu, China). Vo-FeOOH,
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FeOOH and IrO, were uniformly coated on nickel foam as working electrode,
graphite rod and standard Hg/HgO electrode as counter electrode and reference
electrode, 1 M KOH as electrolyte. At the beginning of the experiment, the catalyst
was subjected to 20 cycles of cyclic voltammetry (CV) at 10mV/s at 0.5-1.2V to
stabilize the catalyst surface. The oxygen evolution performance of the catalyst was
determined by linear sweep voltammetry (LSV) in the range of 0-1.2V vs. Hg/HgO.
Double layer capacitance (Cy) measurements were conducted by varying the scan
rates (20, 40, 60, 80, 100mV/s) in a potential window nearly without Faradaic process.
The electrochemical impedance spectroscopy (EIS) test was performed in the
frequency range of 0.1-1000Hz, and the in-situ impedance of the catalyst was
measured using EIS in the range of 0.45-0.80V. The turnover frequency (TOF) of the
electrode was calculated at 1.55 V and 1.60 V. In the range of 0.5-1.2 V, 500 CV
cycles were carried out at a scan rate of 50 mV s-!. The stability of the catalyst was
evaluated by comparing the LVS and EIS before and after 500 CV cycles. The long-
term stability of the catalyst was tested at 50 mA cm. At the same time, multi-steps
current 10, 30, 50, 70, 90, 110 mA cm and multi-steps potential 1.524, 1.574, 1.624,
1.674, 1.724 V vs.RHE were used to evaluate the stability of the catalyst in the
dynamic current and dynamic potential. The conversion formula between the
measured value and the standard hydrogen electrode ( RHE ) is:

Erme = Exgugo +0.059pH + 0.098V
The calculation formula of overpotential 1 :
N = Egue — 1.23V
Tafel slope calculation formula :
n =blogj +a
The formula for calculating the turnover frequency ( TOF ) :

JA

TOF = —
4nF

1.5 Material characterizations

The X-ray diffraction (XRD) patterns were recorded on a Rigaku MiniFlex 600-C

5



X-ray diffractometer with Cu-Ko radiation with a scan rate of 5° min!. Theelectron
paramagnetic resonance (EPR) spectra were collected on a Bruker A300
Paramagnetic spectrometer, which were performed at room temperature in vacuum.
The thickness of the nanosheets was measured by atomic force microscopy (AFM).
The Raman measurement was performed with a Raman JY HR800 Spectrometer,
wavenumber region 150-600 cm'!. The Brunauer Emmett Teller(BET) pore size
distribution method using a Micromeritics ASAP 2460. The Scanning electron
microscopy(SEM) characterizations were conducted using a JSM-7800F from JEOL.
Transmission electron microscopy(TEM) and high-resolution transmission electron
microscopy (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.
1.6 Computational details

All the density functional theory calculations were performed by using the Vienna
ab initio Simulation Program (VASP)’. The generalized gradient approximation
(GGA) in the Perdew-Burke-Ernzerhof (PBE) form and a cutoff energy of 500 eV for
planewave basis set were adopted*®. A3x3x1 Monkhorst-Pack grid was used for
sampling the Brillouin zones at structure optimization’.The ion-electron interactions
were described by the projector augmented wave (PAW) method®. The convergence
criteria of structure optimization were choose as the maximum force on each atom
less than 0.02 eV/A with an energy change less than 1x10 e¢V. The DFT-D3
semiempirical correction was described via Grimme’s scheme method °. The Gibbs
free energy change (AG) for each elemental step is defined as!?:

AG = AE +AZPE ~TAS + AG,, +AG, 0

where AE and AZPE are the adsorption energy based on density functional theory
calculations and the zero-point energy correction, respectively. T, AS, U, and AGpH
represent the temperature, the entropy change, the applied electrode potential, and the
free energy correction of the pH, respectively. In alkaline medium, the reaction

mechanism of OER is mainly AEM mechanism. The oxygen precursor undergoes a
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process of adsorption-deprotonation-coupling-desorption. The metal sites first adsorb
OH-, and then deprotonate to form *O species. The O-O coupling generates *OOH
intermediates through OH-nucleophilic attack. Finally, the surface desorbs O,
molecules through secondary deprotonation to release active metal sites. According to
the above theory, we believe that Fe ions are active centers in Vo-FeOOH catalyst, so
the reaction energy required for the formation of active intermediates was calculated

by AEM in the present situation.



2. Supplementary Figures:
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Fig. S1 Representation of catalyst preparation process.
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Fig. S2 a) Vo-FeOOH powder and b) FeOOH powder sample.



Fig. S3 V-FeOOH, FeOOH, and IrO, ink-loaded electrodes and Ni foam (From left
to right).
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Fig. S4 XPS survey scan of Vo-FeOOH sample.
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sample.
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Fig. S6 AFM image of Vo-FeOOH sample.
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Fig. S8 The EDS of Vo-FeOOH sample.
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Fig. S10 The electrochemical impedance spectroscopy equivalent circuit diagram.
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Fig. S14 a) In-situ Nyquist and b) Bode phase diagrams of Vo-FeOOH sample
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Fig. S19 The a) HRTEM image and b) the different regions corresponding intensity

profiles along with the position of FeOOH.
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Fig. S20 The XPS spectrum of FeOOH sample.
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Fig. S23 Comparison of overpotential of Vo-FeOOH and FeOOH samples at different
current density.
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3. Supplementary Tables

Table S1. Comparison of the OER performance of Vo-FeOOH catalyst with other

reported OER catalysts
Current . catalyst
. Overpotential .
Catalyst Electrolyte  density/mA 'V loading/mg  Reference
cm2 cm?
3-FeOOH IM KOH 10 265 2.50 1
F(V)OOH-1.5 IM KOH 10 232 1.92 12
a-FeOOH nanorod IM KOH 10 333 3.00 13
FeOOH SHTs IM KOH 10 245 4.00 14
CoOOH IM KOH 10 295 - 15
S-FeOOH IM KOH 10 244 0.29 16
NiOOH/Fe,0; IM KOH 10 325 e 17
CoCuFe-S IM KOH 10 300 0.23 18
Co-B film IM KOH 10 280 0 - 19
ZnCo,04/FeOOH IM KOH 10 299 0.21 20
FeCo@C IM KOH 10 302 0.08 21
Fe-CoOOH/G IM KOH 10 330 0.04 2
FeCo-LDH/PANI IM KOH 10 323 2.00 23
NiCoP/C@FeOOH IM KOH 10 271 0.26 24
FeOOH@Ni(OH), IM KOH 10 310 0.25 2
FeOOH/CoO IM KOH 10 256 4.00 26
FeOOH-LaNiO3; IM KOH 10 360 0.23 27
Vo-FeOOH IM KOH 10 255 0.49 This work
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