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1. Experimental Section
1.1 Materials

Iron chloride hexahydrate (FeCl;-6H,0, 99%), sodium tellurite (Na,TeOs, 99%),
iridium dioxide (IrO,) and Nafion (5 wt%) were purchased from Aladdin Industrial
Corporation. Ammonia water (NH3-H,O) comes from Macklin. Cobalt sulfate
heptahydrate (CoSO,4 7H,0), sodium nitrate (NaNO;) and hydrazine hydrate
(NoH4-H,O, 85%) were procured from Sinopharm chemical reagent co. Milli-Q
ultrapure water was used for experiments. Nickel foam (NF) was used as the substrate.
All these chemical reagents were used without any further purification.
1.2 Pretreated nickel foam

Nickel Foam (NF, 1x4 cm?) needs to be pre-treated before use. NF is first
ultrasonicated with 1.0 M hydrochloric acid solution for 30 minutes to remove the
oxidized layer, and then ultrasonicated with ethanol and deionized water for 15 minutes
in sequence, and then washed with alcohol and deionized water for several times and
dried.
1.3 Synthesis of IrO, on NFs

5 mg of commercial IrO, powder was added to a solution containing 100 pL of
ethanol, 80 uL of deionised water and 10 puL of Nafion, sonicated for half an hour, and
then applied to a 1 cm? area of pre-treated NF and allowed to dry naturally in air.
1.4 General characterizations

XRD patterns were obtained on Rigaku Ultima IV Powder X-ray diffractometer
with a Cu Ka X-ray source (A= 0.15406 nm). Morphology of as-prepared catalysts was
characterized by field-emission scanning electron microscope (FESEM, JSM-7610F,
15 kV). The morphologies of samples were further confirmed by transmission electron

microscope (TEM, Titan3 G2 60-300, 300 kV). The elemental distributions of the



samples were characterized by the energy-dispersive X-ray spectroscopy (EDS)
mapping affiliated to the STEM, and the EDS was also imaged from the STEM. Raman
spectra were collected by Raman spectrometer (LabRAM HR JYEvolution) with 532
nm of green laser. A Thermo Fisher Scientific K-Alpha was performed to get the X-ray
photoelectron spectroscopy (XPS) data, using a monochromated source of X-rays (Mg
K., photon energy 1253.6 eV) for excitation.
1.5 Electrochemical measurements

All electrochemical tests were carried out in a standard three-electrode system by
means of a CHI660E electrochemical bench (CH Instruments, Shanghai) at room
temperature. Specifically, a mercuric oxide electrode (Hg/HgO) electrode, a graphite-
carbon rod electrode, and a prepared catalyst electrode were used as the reference,
counter, and working electrodes, respectively. All electrochemical measurements were
performed in 1 M KOH solution. The measured potentials were converted to reversible
hydrogen electrode (RHE) according to the formula: Erpg = Engmgo + 0.0591 < pH +
0.098. The pH value of 1.0 M KOH was 13.78. The geometrical area of all the samples
was controlled to be 1 cm2. The scan rate was 5 mV s’!, and all the results were
calibrated using IR compensation. EIS curves were obtained for an amplitude of 5 mV
over an open-circuit potential range of 0.01~100 kHz.

The ECSA-normalized current density for as-prepared catalysts was calculated by:

ECSA-normalized current density = current density x Cy/Cg

where C; is the specific capacitance. In this work, 0.04 mF cm= was adopted as
the value of C, based on previously reported OER catalysts in alkaline solution.
1.6 Computational methodology

In order to understand the origin of highly boosted OER performance of

CoTe@FeOOH, the density functional theory (DFT) calculations were carried out by



using the Vienna ab-initio simulation package (VASP) code. Calculations were
performed using a planar fluctuation energy cutoff energy set to 450 eV and a 2 x 2 x
1 Monkhorst-Pack k-point sampling was chosen to obtain well-converged energy
values. All structures were fully optimized with a force tolerance of 0.01 eV A-l. In
addition, a vacuum plate with a thickness of 15 A was added to prevent interactions
between the plates. The energy profiles of the OER process were calculated based on
the following mechanism:
() OH +%—OH*+e
(I) OH*+ OH - — O*+ H,0 + ¢
(IIT) O* + OH- — OOH* + ¢
(IV) OOH*+ OH— O, + H)O + % + ¢

The reaction-free energy of these elementary steps was calculated following the
scheme described in previous theoretical studies of OER.

The overpotential was defined as:

N = max (AG[, AGH, AG”], AG]V) -1.23 eV



2. Supplementary Figures

a b C d e

g 11 12 3 e ]

Figure S1. Optical image of (a) bare NF, (b) CoTe/NF, (c¢) FeOOH/NF, (d)

CoTe@FeOOH/NF, and (e) IrO,/NF, respectively.
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Figure S2. (a) XRD patterns of CoTe powder and FeEOOH powder. (b) High-resolution

XPS spectra of O 1s for different samples.
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Figure S3. The SEM images of bare NF (a) with low-magnification, (b) with high-

magnification.
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Figure S4. Energy dispersive spectroscopy (EDS) spectrum of CoTe@FeOOH/NF.
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Figure S5. Cyclic voltammograms at different scan rates (from 40 mV s! to 120 mV
s’' with an interval rate of 20 mV s') of (a) CoTe/NF, (b) FeOOH/NF, (c)

CoTe@FeOOH/NF, (d) IrO,/NF, and (e) NF. (f) ECSA-normalized LSV curves.
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Figure S6. OER property of 1-CoTe, 2-CoTe, and 3-CoTe. (a) IR-compensated LSV

curves, (b) overpotentials, (c) Tafel slopes, (d) the Nyquist plots from 10 kHz to 0.01

Hz.
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Figure S7. (a) XRD patterns of CoTe@FeOOH/NF before and after stability test. SEM
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image of CoTe@FeOOH/NF before and after stability test, (b) before, (c) after stability

test.



Figure S8. Models of adsorbed OER intermediates for CoTe.



Figure S9. Models of adsorbed OER intermediates for FeEOOH.



Figure S10. Models of adsorbed OER intermediates for CoTe@FeOOH.



3. Supplemental Tables
Table S1. Comparison of OER activity of CoTe@FeOOH/NF with other reported non-

precious metal-based electrocatalysts in alkaline medium (1 M KOH).

Current density Overpotential

Catalysts (mA cm?) (mV) Reference
CoTe@FeOOH/NF 50 308
This work
CoTe@FeOOH/NF 100 325
CoTeNR/NF 100 350 1
CoTe, 10 357
CoTe 10 365 ?
Ni,(OH),COs 10 404 3
Co-NiSe/NF 100 380 4
CoNi LDH@Te 10 360 5
NiTe/NiCo-LDH 100 376 6
CO(OH)Q(%Z;OSZﬂ(/N F 10 380 7
NiFe LDH/NC 10 330
NiFe LDH/NC 20 375 °
P, 0-MoS,/Ni3S,/NF 100 435 9
NigeFe3s-NC 10 467 10
Fe-CoOOH/G 10 330
Fe-CoOOH/G 50 408 i

Co/CoTe 50 400 12
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Table S2. OER features of presented catalysts.

Calculated from CV
Electyochemically
Catalyst Double Layer Capacitance
active surface area
(Cd])/mF cm?
(ECSA)/cm?
CoTe@FeOOH/NF 16.43 410.75
CoTe/NF 10.2 255
FeOOH/NF 6.35 158.75
[rO,/NF 9.74 243.5

NF 5.63 140.75
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