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Experimental Section

All chemical reagents were purchased from Sinopharm Group and used directly without purification. The
nickel foam is cut into 2cm*3cm size and the surface is rinsed with anhydrous ethanol to rinse oil and other
impurities. Next, the nickel foam was immersed in a 1M HCI solution for 10 minutes to remove nickel oxide
impurities from the surface. The nickel foam was then rinsed sequentially using deionized water and
anhydrous ethanol to ensure that residual HCI was thoroughly removed. Finally, the treated nickel foam was
stored in anhydrous ethanol for subsequent use.

Synthesis of the catalysts

Add 0.01 mol (K;3[Fe(CN)y) potassium ferricyanide to 50 mL of hydrochloric acid solution with a
concentration of 0.2 M and magnetically stir at room temperature until complete dissolution to form a clarified
solution. The pretreated nickel foam was immersed into the above solution and allowed to stand at room
temperature for 12 h. The nickel foam was then taken off and washed several times with ultrapure water and
anhydrous ethanol to remove the unreacted residues on the surface, and placed in an oven to dry overnight,
and the resulting product was labeled as NiFe PBA.

The processed nickel foam is placed into the reactive ion etching machine (Tailong Electronics, RIE-
150). When the vacuum reaches 10 Torr, gases are introduced to commence the etching experiment. The
argon gas flow rate is 100 cc, the oxygen gas flow rate is 10 cc, and the power is set to 90 W. The front and
back sides were treated for five minutes, and the MOF catalyst material containing Ni-Fe oxides was obtained
after the etching was completed, which is labeled herein as NiFe PBA-Ar/O,. The labeling methods of other
samples were differentiated by the differences in process treatments. In addition, the sample treated only by
argon is labeled as NiFe PBA-Ar; the sample treated only by oxygen is labeled as NiFe PBA-O, (oxygen gas
flow rate is 100 cc).

The loading amounts of the various catalysts were calculated using the weighing method and were
determined to be 1.67 mg/cm? (NiFe PBA), 1.53 mg/cm? (NiFe PBA-Ar), 1.48 mg/cm? (NiFe PBA-A1/O,),
and 1.65 mg/cm? (NiFe PBA-O,), respectively.

Material characterization

The microstructures of all samples were characterized via Field-emission scanning electron microscopy
(FESEM, Nova Nano SEM 450) and transmission electron microscopy (TEM, Tecnai G2 F30). X-ray
diffraction (XRD, X Pert PRO diffractometer) was employed to investigate the crystallographic structure with
Cu Ka radiation (A=1.5418 A). The surface chemical environment was tested by X-ray photoelectron
spectroscopy (XPS, AXIS-ULTRA DLD-600W). The in-situ Raman spectra was analyzed by a confocal
Raman microscope (Horiba XploRA plus).

Electrochemical measurement

The electrodes were fully characterized using a CorrTest electrochemical workstation, covering a variety
of techniques such as linear scanning voltammetry (LSV), Tafel curve analysis, electrochemical impedance
spectroscopy (EIS), and timed current testing. All experiments were based on a three-electrode system in an
alkaline environment (1 M KOH), where the foam nickel catalyst is cut into 2*1 ¢cm? pieces, clamped with an
electrode holder, exposing only a 1*1 ¢cm? area to serve as the working electrode. and the reference electrode



was Hg/HgO. During the experiments, the potential of the working electrode needed to be converted to
reversible hydrogen electrode potential (RHE), which was calculated as follows:

RHE = Esce)+0.0592x pH +0.098 (1)

Linear Scanning Voltammetry (LSV) is used to obtain a linear scanning voltammetric curve by applying
a potential with a constant rate of change to the working electrode and measuring its effect on the current
density. Specific parameters include: OER test range of 1.1 to 1.8 V and a scan rate of 5 mV/s. The slope of
the Tafel curve reflects the catalyst activity and the curve is able to respond to the relationship between the
steady-state current density and overpotential, and the Tafel equation is expressed as:

n=a+bxlog|j| (2)

where 1 denotes the overpotential, a and b are Fennel's constants, and j represents the current density.
The linear region was selected within the kinetically controlled regime of 1.54-1.60 V vs. RHE, which
corresponds to an overpotential (1) range of 310-370 mV (OER onset potential: ~1.23 V vs. RHE). This
window avoids: low-potential non-faradaic currents and high-potential diffusion limitations. The AC
amplitude for the EIS test was set to 5 mV with a frequency range from 100 kHz to 0.01 Hz. The voltage-to-
current ratio of the AC signals was measured by applying a series of small amplitude AC signals of different
frequencies to the system. EIS was fitted using Zview software to obtain solution resistance (R;) and charge
transfer resistance (R.;) through a single-capacitance equivalent circuit. All polarization curves were calibrated
by IR drop compensation method to eliminate the effect of solution resistance R;. The stability of the catalyst
is tested using a constant current protocol.

In situ Raman spectra tests: A photograph of in situ Raman setup was shown in Figure. S1. An electrolytic
cell with three electrode configuration was used for the electrochemical test. A 15*15 mm sample was used
as working electrode, a Pt wire and Ag/AgCl (saturated KCI) electrodes were used as counter and reference
electrode, respectively. During Raman test, 1 M KOH solution was continuously fed into the electrolytic cell
at a rate of 10 ml/min. Raman spectra was collected in the range of 200 to 2000 cm! using a 638-nm laser.
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Figure S1. Photo of the electrochemical in situ Raman testing cell
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Figure S2. (a) N isothermal adsorption curve (at 77 K) and BJH pore size distribution
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Figure S3. SEM and TEM(the upper right corner) image of NiFe PBA-O, (a);fine spectra of Fe 2p (b), Ni 2p (c), and O 1s (d)
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Figure S4. XPS survey spectra of NiFe PBA-Ar and NiFe PBA-Ar/O,
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Figure S6. In-situ Raman Spectroscopy Curves of NiFe PBA-Ar/O, during Electrochemical Process
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Figure S7. LSV curves in 1.0 M KOH solution of NiFe PBA-Ar and NiFe PBA-Ar/O,
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Figure S8. Post-stability XPS analysis(a)-(c) of NiFe PBA-A1/O,; Post-stability SEM image of NiFe PBA-A1/O,
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Figure S9.CV curves of NiFe PBA (a), NiFe PBA-A1/O, (b) and NiFe PBA-Ar (¢);Cy of samples (d)

Table S1. Atomic Ratio of Elements Obtained from XPS Analysis

NiFe PBA-Ar/O, NiFe PBA-Ar NiFe PBA
C 34.32 56.35 63.81
Fe 10.26 4.1 4.17
N 5.64 13.63 17.04
Ni 13 8.91 5.57
O 36.77 17.02 9.41

Table S2. Comparison of Oxygen Evolution Electrocatalytic Activity between NiFe-based Catalysts in
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