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MATERIALS AND METHODS
Reagents

The iron (III) nitrate nonahydrate (Fe(NO3)3-9H20), chloroplatinic acid
hexahydrate (H,PtCls:6H20), commercial RuO», hydrochloric acid (HCI), and
potassium hydroxide (KOH) were purchased from Aladdin (Shanghai, China). The
commercial Pt/C (20 wt%) and absolute ethanol were purchased from Suzhou Sinero
Technology Co., Ltd and Chengdu Kelong Chemical Co. Ltd. Nafion solution (5 wt%)
was obtained from Sigma-Aldrich, respectively. All the chemicals were used directly.
Deionized (DI) water with a resistivity of 18.2 MQ cm! was used during the
experiments.
Pretreatment of NF

To obtain clean nickel foam (NF), several pieces of NF (2 x 3 cm?) were
sequentially sonicated in 3 M HCI, ethanol, and DI water for 11, 6, and 5 min,
respectively, and then air-dried at room temperature.
Characterizations

The crystal structures of Ptops@NiFe LDH and NiFe LDH were determined by
X-ray diffraction (XRD). The morphologies of Ptops@NiFe LDH and NiFe LDH
were characterized by scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and high-resolution transmission electron microscopy (HRTEM).
The surface electronic structures and chemical compositions of Ptops@NiFe LDH and
NiFe LDH were characterized by X-ray photoelectron spectroscopy (XPS). The
content of Ni, Fe, and Pt elements in Ptops@NiFe LDH was measured by inductively
coupled plasma optical emission spectrometry (ICP-OES). Oxygen vacancies (Ov) of
Ptops@NiFe LDH and NiFe LDH were determined by electron paramagnetic
resonance (EPR).
Electrochemical testing

The electrochemical performance of the prepared samples was measured in a

typical three-electrode system using CHI 1140C and CHI 760E electrochemical
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workstations. Specifically, the reference electrode, counter electrode, and working
electrode were Hg/HgO, carbon rod, and the synthesized samples (1 x 1 cm?),
respectively. All electrochemical tests were conducted in a 1 M KOH solution at a
sweep rate of 5 mV s’ All potentials were normalized to the reversible hydrogen
electrode (RHE), and all overpotentials were 95% iR-corrected. The double-layer
capacitance (Cq) was calculated by measuring cyclic voltammetry (CV) at different
sweep rates (20, 40, 60, 80, 100, and 120 mV s') in the non-Faradaic region. The
charge transfer resistance (Rct) was obtained by measuring electrochemical
impedance spectroscopy (EIS) in the frequency range from 10000 to 0.01 Hz.
Theoretical calculations

Vienna Ab initio Simulation Package (VASP)!! was employed to perform all of
the Density functional theory (DFT) calculations based on the generalized gradient
approximation (GGA)?! and Perdew-Burke-Ernzerhof (PBE) functionsPl. The
projector augmented wave (PAW) model was utilized to describe the ionic cores!*l.
Taking the valence electrons into account, a plane-wave cutoff was set to be 450 eV.
Additionally, the convergence energy threshold for the self-consistent calculations
was set to be 10-5 eV, and the geometry optimization was carried out as the total

energy convergent was less than 0.02 eV/A.
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Supplementary Figure 1. (A, B) SEM images of NiFe LDH precursor at different

magnifications.
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Supplementary Figure 2. (A, B) SEM images of Ptops@NiFe LDH-1 at different

magnifications. (C, D) of Ptops@NiFe LDH-5 at different magnifications.
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132 Supplementary Table 1. ICP result of Ptops@NiFe LDH.

Elements Content (Wt%)
Ni 19.28
Fe 35.24
Pt 7.08
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134 Supplementary Table 2. The exchange current densities are derived by Tafel plots.

Materials Log|j, mA cm?| exchange current density
(jo, mA cm?)
Ptops@NLDH 0.636 4.325
NiFe LDH -0.127 0.746
Pt/C 0.634 4.305
NF -0.064 0.863
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137

138

139

electrocatalysts in 1 M KOH solution.

Supplementary Table 3. Performance comparison of Ptops@NiFe LDH with other

Catalysts oo oo Tafel stope References
(mV) (mV) (mV dec™)
Ptops@NiFe LDH 92 140 35 This work
Fe-Ni3So/PNF-5 u 150 58.6 [5]
NizN@2M-MoS> 152 155 38.9 [6]
Nig 5C00.5-S-FeOx 129 175 71.4 [7]
NiFe-P@NC 163 217 58 [8]
MoS,/Mo,C u 220 43 [9]
Ceo.2-CoP/NisP@NF 195 225 55 [10]
CoxPy@NC 206 232 81.9 [11]
Nio.96C00.04P u 249.7 49.6 [12]
MnO-CoP/NF 186 259.5 553 [13]
NiCo@C-NiCoMoO/NF u 266 63.5 [14]
Rusas/Ni(OH)@FeOOH 209 267 72 [15]
MnCo/NiSe 216 270 45.05 [16]
Niz1-xMoaxP 240 294 46.4 [17]
S-NiBDC u 310 75 [18]
I(\31(120.59Ni0.41(OH)z@PANI/ . 310 36.41 [19]
Fe-Ni2P@C/NF 294 313 45 [20]
CosNisP/NF u 336 61.24 [21]

20



140  Supplementary Table 4. Performance comparison of Ptops@NiFe LDH (-) || NiFe

141 LDH (+) with other electrocatalysts in 1 M KOH solution.

Cell Voltage
Catalysts (V) @ 100 mA  References
cm2

Ptops@NiFe LDH (-) || NiFe LDH (+) 1.54 This work
Pt/Mo-NiOx/NMF (-) || NiFe-LDH/NF (+) 1.55 [22]
NiFeV@FeOy/IF (-) || NiFeV@FeOy/IF (+) 1.57 [23]
CoNiPeV/CFP (-) || CoNiPeV/CFP (+) 1.61 [24]
RuFe-SG-1 (-) || NiFe-LDH (+) 1.61 [25]
Pt@S—NiFe LDHs (-) || Pt@S—NiFe LDHs (+) 1.62 [26]
2% Ru-NCO (-) || 2% Ru-NCO (+) 1.65 [27]
NiPS/NF (-) || NiPS/NF (+) 1.66 [28]
Mn-NiCoP (-) || Mn- NiCoP (+) 1.69 [29]
CoNiFe-PS (-) || CoNiFe-PS (+) 1.69 [30]
NiCeo.0s/Fe@NM (-) || NiCeo.os/Fe@NM (+) 1.70 [31]
NF10 (-) || NF10 (+) 1.73 [32]
RuNi-Fe;O3/IF (-) I RuNi-Fe;Os3/IF (+) 1.73 [33]
0.4-Co2P/NixPy@NF (-) || 0.4-Co2P/NixPy@NF (+) 1.74 [34]
Rusa-NiSz-FeS: (-) || Rusa-NiSz-FeS; (+) 1.74 [35]
Ni3Sz-FeS/NF-2 (-) |[Ni3S2-FeS/NF-2 (+) 1.75 [36]
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