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Materials characterization

Field emission scanning electron microscopy (FESEM) images of the synthesized materials were
collected on the Hitachi S-4800. The microstructure of the electrocatalysts was elucidated using
the transmission electron microscopy (TEM) on JEM-2100F. The crystal structures of the
electrocatalysts were identified by using X-ray powder diffraction (XRD) measurement with a D8
Advance X-ray diffractometer (Bruker AXS). X-ray photoelectron spectroscopy (XPS) of the
materials was analyzed by using the ESCALAB-250Xi. The Quantachrome gas adsorption
analyzer (USA) determined the specific surface area and pore size distribution of the samples, and
data analysis was performed by using the corresponding Brunauer-Emmett-Teller (BET) method
and N2 adsorption/desorption measurement with Quantachrome software. Electron Paramagnetic
Resonance (EPR) measurement was obtained on the Bruker EPR EMXplus-9.5/12 at room
temperature. Raman curves were collected on Renishaw RM 100003040405 Raman spectrometer
(Hong Kong) using the 532 nm laser line, and the exposure time and the power are 10 s and 0.5%,

respectively.

Electrochemical measurement

Fabrication of working electrodes.

First, nickel foam (NF, 1.0 ~ 1.5 cm?) was pretreated to remove the oxide layer and impurities on
the surface. NF was washed in 3 M HCI, DI and ethanol by continuous ultrasonic, and then
naturally dried in the air. The electrocatalyst, carbon black (Super P) and polyvinylidene fluoride
(PVDF) are weighed and ground according to the mass ratio of 7:2:1, and then dispersed into 240
pL. I-methyl-2-pyrrolidinone (NMP) and stirred with a paint blender to form a uniform ink. Next,
an appropriate amount of ink was coated on the treated NF (1.0 x 1.0 cm?) with a loading of ~2.0
mg cm2, and then dried for 12 h under vacuum conditions at 80 °C.

The electrocatalytic measurements were conducted by using CHI760E (CH Instruments) with 1.0
M KOH as electrolyte in a standard three electrode system, in which as-prepared catalysts were
directly used as working electrode, carbon rod and Hg/HgO electrodes were used as the counter
and the reference electrodes, respectively. The reference was calibrated against and converted to
the reversible hydrogen electrode (RHE) according to the following Nernst equation: Egyg =

Engrigo + 0.059 pH + 0.098, Ecorrected = Erug - 1R. Linear sweep voltammograms (LSVs) were



measured from 1.003 to 1.803 V vs. RHE at a scan rate of 2 mV s and corrected by iR
compensation. The overpotential (1) was obtained though the following formula: 1 = Egyg - 1.23
V. Tafel slope was obtained by fitting linear portions of the Tafel plots derived from LSV.
Electrochemical impedance spectroscopy (EIS) was estimated in the frequency range from 100
kHz to 0.1 Hz at 1.55 V vs. RHE. Cyclic voltammetry (CV) was used to measure the double-layer
capacitance (Cy)) at different scan rates of 2, 4, 6, 8 and 10 mV s’! in the non-faradaic region. The
electrochemical active surface area (ECSA) normalized current densities was investigated to
evaluate the inherent activity of catalysts. The ECSA could be calculated according to the
following equation: ECSA = Cq / Cs x S, where the specific capacitance (Cs) is 0.04 mF cm? and
the surface area (S) of NF coated with catalysts is 1 cm? in this equation. The long-term stability

of catalysts was assessed by LSV, and i-t curve at 10 mA ¢cm™2 for 26 h in 1.0 M KOH.

Calculation of the Theoretical OER Activity

Density functional theory calculations were performed on Vienna Ab-initio Simulation Package.!
2 The exchange-correlation energy and projector augmented wave method was used to represent
the core-valence interaction with generalized gradient approximation (GGA) and Perdew-Burke-
Ernzerhof (PBE) function.> + DFT + U correction was used to improve the description of d-
electrons with U of 4.3 and 3.8 eV for Fe and Ni, respectively. The energy cutoff was set to 400
eV during the calculation. The energy and force criterion were set to 105 eV and 0.04 eV A-1,
respectively, with K-point mesh of 3 X 3 x 1. Calculations were conducted on a slab model of
FeNi-LDH (100) and v-FeNi-LDH (100), with vacuum layers of 12 A thicknesses.

During the alkaline OER process, there are four elementary steps:
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Where * represents the active sites. The free energy of the adsorbed species can be calculated as
follows:
AG = AE + AZPE - TAS

3



ZPE and TS were obtained through VASPKIT.?

The overpotential 1} can be obtained from the Gibbs free energy differences of each step,° i.e.

AG
nOFR = "4 23y
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Fig. S1. SEM image of a) Ni precursor microtubes, b) NiFe LDH.
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Fig. S2. N, adsorption-desorption isotherms and corresponding pore size distribution curves of a)
v-NiFe LDH, b) NiFe LDH.



Fig.S3. SAED of v-NiFe LDH.
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Fig. S4. High-resolution XPS spectra Ols spectra in NiFe LDH.
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Fig. S5. A bar graph of the corresponding overpotential (n) at 50 and 100 mA c¢m™ of the v-NiFe
LDH, NiFe LDH, RuO, and NF.
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Fig. S6. CV at different scan rates (from 2 mV s-1 to 10 mV s-1). (a) v-NiFe LDH, (b) NiFe LDH.
(C) corresponding anodic and cathodic capacitive current density difference (47 = j,-j.) at 1.0531
V vs. RHE as a function of scan rate of v-NiFe LDH and NiFe LDH. (d) LSV curves normalized

by ECSA.
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Fig. S7. (a) EPR spectra for v-NiFe LDH under the same NaBH4 solution concentration (1 M) and
different immersion time (10 min, 20 min, 30 min). (b) LSV curves. (c) Tafel slope.
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Fig. S8. High-resolution XPS spectra of v-NiFe LDH after 26 h stability test: Ols.
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Fig. S9. Theoretical OER Gibbs free energy diagrams (a) Fe site as adsorption site, (b) Ni site as
adsorption site and (c) oxygen vacancy as adsorption site of the v-NiFe LDH.



Fig. S10 The optimized geometries of the intermediate products for (a) pristine NiFe LDH (100)
and B) v-NiFe LDH (100).

Table S1. the Gibbs free energies (AG) of Fe sites on the (100) facets as adsorption site in the

NiFe LDH and v-NiFe LDH.

AG*OH/eV AG*()/QV AG*OOH/EV AGI/QV AGz/eV AG3/€V AG4/eV
NiFe LDH 1.642 3.724 4.872 1.642 2.082 1.148 0.005
v-NiFe LDH 1.703 4.253 4.887 1.703 2.55 0.634 0.035




Table S2. Comparison of the OER activities of the v-Ni-Fe LDH prepared in this work with some

recently-reported Ni-Fe based catalysts in alkaline medium.

Catalyst

v-NiFe LDHs

NiCo2S4@NiFe LDH

NiFe LDHs-VFe

NiFe LDHs-VNi

V-Ni3S2@NiFe LDH

v-NiFe LDH

Nig g3Feo.17(OH):

NiFe-LDH@NiCoP/NF

oxygen-enriched NiFe-

LDH nanosheets

P-NiysFe@C

FeNi-HDNAs

Ni@NiFe LDH

NF@Ni/C

Electrolyte

solution

1M KOH

0.1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

1M KOH

Tafel slope

(mV dec)

47.9

86.4

70

62.9

32.5

34.8

61

48.6

74.1

65

91

66.3

54

Overpotentia
lat 10 mA

cm? (mV)

195

287

245

229

209

210

245

220

310

256

206

218

265

Substrate

NF

GCE

GCE

NF

GCE

NF

GC

GCE

Ru0,/NF

Cp

NF

Ref.

our work

10

11

12

13

14

15

16

17



Ni5P4/NiP2/NiFe LDH 1M KOH 46.6 197 NF 18

FeNiW-LDH

1M KOH 55.7 202 FeF 19
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