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S1 Materials 

Poly(ethylene oxide)-b-poly(propylene oxide)-b-poly(ethyleneoxide) [EO20PO70EO20, 

Pluronic P123, Mw =5800], tetraethylorthosilicate (TEOS, 98%), n-Butanol, concentrated 

hydrochloric acid (37% wt%, AR) were purchased from Aladdin Industrial Corporation 

(Shanghai, China), sodium hydroxide (NaOH 90%), Iron (III) nitrate nonahydrate 

Fe(NO3)39H2O, Nickel (II) nitrate hexahydrate Ni(NO3)2 6H2O, potassium hydroxide (KOH, 

99%) , RuO2 and IrO2 (20% Iron Vulcan XC-72) and Nafion were purchased from Alfa 

Aesar. All chemicals were used as received without any further purification. Deionized water 

and ethanol are used throughout the experiment. 

S2 Synthesis of KIT-6 Mesoporous Silica 

The mesoporous KIT-6 template was synthesized according to the procedure of Rossinyol and 

co-workers [S1]. First, 6 g of nonionic triblock copolymer Pluronic P123 was dissolved in a 

mixture of 220 ml of water and 12 g of HCl (37%). The solution was vigorously stirred for 6 

h at 35 °C. After complete dissolution of Pluronic P123, 6 g of butanol was added to the 

acidic solution under continuous stirring for another hour. Next, 12.48 g of TEOS was rapidly 

added to the solution under continuous stirring for 24 h. Subsequently, the mixture was heated 

at 100 °C under static conditions for 24 h. The resultant white solids obtained after filtration 

was washed and dried for 12 h at 90 °C. Finally, the template was removed by calcination 

from as-synthesized KIT-6 at 550 °C and in the air for 6 h with a heating rate of 2°C min-1. 

S3 Structural Characterization 

Powder X-ray diffraction (XRD) patterns were recorded on an Rigaku MiniFlex 600 using a 

powder X-ray diffractometer with Cu Kα radiation source ( λ = 1.5418 Å, accelerating voltage 

40 kV, and applied current 15 mA) (Japan) in a 2θ range from 10° to 90°. Low-angle X-ray 
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diffraction (XRD) data were recorded on Bruker AXS diffractometer System from 0.5 to 5 

(2θ). Transmission electron microscopy (TEM) and high-resolution transmission electron 

microscopy (HRTEM) observations are conducted on a Jeol JEM-2100 (Japan) instrument 

equipped with a cold field emission gun and a Noran energy dispersive X-ray (EDX) unit at 

an acceleration voltage of 200 kV. For TEM measurements, samples were prepared by 

dispersion in ethanol with an ultrasonic bath. A few drops from these suspensions were gently 

deposited onto a carbon-covered copper grid, and the ethanol was allowed to evaporate. XPS 

measurements were recorded using an ESCALAB250 X-ray photoelectron spectrometer with 

a non-monochromatized Al-Kα X-ray as the excitation source, and the C1s component was 

set at 284.8 eV to calibrate the spectra. Surface area measurements are performed by nitrogen 

adsorption using Brunauere Emmet Teller (BET) area method whereas mesopore size was 

assessed by the Barrett−Joyner−Halenda (BJH) method from the desorption branch of the 

isotherm. 

S4 Electrochemical Measurements 

The electrochemical measurements were performed with on an MSR electrode rotator (Pine 

Instrument Co.) coupled with CHI 635A electrochemical workstation. Oxygen evolution 

reactions (OER) were performed in a three-electrode configuration with an Ag/AgCl (in a 

saturated KCl solution) electrode used as the reference electrode, platinum net as the counter 

electrode and a glassy carbon electrode coated with electrocatalysts as the working electrode. 

In this work, all electrochemical experiments were carried out at a scan rate of 5 mV s−1 at 25 

± 0.2 °C in 1.0 M KOH with the iR compensation (always 95%), with R about 7 Ω. The 

working electrodes were prepared first by dispersing 4 mg of catalysts in a mixed solution of 

0.25 ethanol mL, 0.75 mL H2O, and 25 μL 5 wt.% Nafion solution, followed by sonication for 

at least 30 min to form a homogeneous ink. Then, 10 μL of the resulting dispersion was 

dropped on the glassy carbon electrode (5 mm diameter, 0.196 cm2 surface areas with an 

electrocatalyst loading of ~0.203 mg cm-2). The measured potentials were converted to a 

reversible hydrogen electrode (RHE) according to the Nernst equation: 

𝐸𝑅𝐻𝐸 = 𝐸𝐴𝑔/𝐴𝑔𝐶𝑙 + 0.0591 𝑝𝐻 + 0.197  

The overpotential (η) was calculated according to: 

𝜂(𝑉) = 𝐸𝑅𝐻𝐸 − 1.230  

Cyclic voltammetry (CV) curves were obtained by a cycling scan at room temperature after 

purging with oxygen gas (99.9%) 30 min before each RDE experiment to ensure full oxygen 

saturation of the electrolyte. The working electrodes were scanned for several potential cycles 

until the signals were stabilized, and then the CV data were collected. 

Prior to the impedance measurements, the electrodes were stressed in the same configuration 

under a potential of 1.55 V (vs. RHE) with frequency from 10 MHz to 100 mHz and 

amplitude of 5 mV. The Nyquist plots were thus obtained based on the electrochemical 

impedance spectroscopy data. 

The double-layer capacitance, Cdl, of the electrodes – electrolyte interface was estimated by 

plotting (ja-jc)/2 vs. the scan rate [S2] such that: 

𝐶𝑑𝑙 =
∆𝑄

∆𝑉
=

𝑗

𝑣
 

All synthesized electrocatalysts and benchmark catalysts (IrO2 and RuO2) were evaluated in 

similar conditions by linear-sweep voltammetry (LSV) in 1.0 M KOH solution with the same 

catalyst loading of 0.2 mg cm-2 in the potential range from 1.1 to 1.8 V. 
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S5 Supplementary Figures 

 

Fig. S1 Wide-angle powder XRD patterns of mesoporous KIT-6. One can note a very broad 

single peak at about 23° in 2theta with a Cu source, characteristic of amorphous silica. This 

peak disappears for all of the mesoporous oxides and their nitrides, confirming the successful 

removal of the template [S3]. 

To verify the formation of crystalline phases, the nanocast nickel monoxide sample XRD 

patterns as shown in Fig. 2a in the main manuscript display well-defined diffraction peaks 

which could all be indexed to NiO (JCPDS Card No. 03-065-2901). No other diffraction 

peaks can be observed, indicating a pure phase of NiO. Similarly, the pattern of mesoporous 

Ni3FeOx mixed-oxide displays main diffraction peaks at 30.27°, 35.69°, 37.31°, 43.34°, 

57.40°, 63.01°, 74.54°, and 79.55°, which could be indexed to (206), (119), (226), (0012), 

(1115), (4012), (3315), and (4412) crystal planes of Fe2O3 phase (JCPDS card 00-025-1402), 

respectively. Among these main peaks, those at 37.26°, 43.29°, 62.88°, 75.42°, and 79.41° are 

coinciding with NiO crystal planes. 
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Fig. S2 Nitrogen adsorption/desorption isotherms of KIT-6 (the inset shows the BJH pore-size 

distribution). The specific surface (SBET) values were obtained using the Brunauer–Emmett–

Teller (BET) method [S4] while the mesopore size of the materials was determined by the 

Barrett–Joyner–Halenda (BJH) method [S5]. The synthesized KIT-6 template, have a large 

specific surface area of 768 m2 g-1 and a pore volume of 0.92 cm3 g-1. The BJH desorption 

average pore diameter is ca. 5.4 nm. 
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Fig. S3 TEM images of a) KIT-6, b) NiO, c) Ni3FeOx, d) Ni3N, e) and Ni3FeN, f) particles 

sizes distributions for Ni3N 

 

Fig. S4 Nitrogen adsorption/desorption isotherms at 77 K for Ni3N and Ni3FeN (pore size 

distribution inset) calculated with the adsorption branch 
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Fig. S5 SEM image of Ni3FeOx precursor (a, b), Ni3FeN (c, d). mixed Ni3-Fe oxides and their 

corresponding bimetallic nitride consists of well-defined quasi-spherical NPs with an average size 

between 100 and 300 nm, matching well with the KIT-6 hard template morphology [S6]. 

 

Fig. S6 EDS line scanning profiles of Ni3FeOx (a) Dark field image of scanned region (b) 

Elemental mapping images of Fe, O and Ni, and (c) EDX spectrum. EDS elemental mapping 

revealed a uniform distribution of the Ni, Fe, and O atoms in the selected field. The molar 

ratio of Ni/Fe in Ni3FeOx, determined from the EDX spectrum is around 2.97: 1.02, close to 

the expected Ni/Fe ratio of 3:1.  
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Fig. S7 EDS line scanning profiles of Ni3FeN (a) Dark field image of scanned region (b) 

Elemental mapping images of Fe, Ni, and N, and (c) EDX spectrum 

 

Fig. S8 XPS survey scan of Ni3FeN (a) and Ni3N (b) 

In the N 1s region (Fig. 3c in the main document), the spectrum can be deconvoluted into a 

combination of two components at 397.5 and 399.2 eV for nitrided samples, while the mother 

oxide has no features in this region. The first component can be ascribed to the metal nitride; 

the small shoulder can be ascribed to NH moieties, probably resulting from the incomplete 

reaction of mesoporous oxides with NH3 at the surface [S7]. 
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Fig. S9 Cyclic voltammograms with a scan rate of 20, 40, 60, 80, and 100 mV s−1 in 1 M 

KOH for Ni3N (a), IrO2 (b), Ni3FeOx (c), and NiO (d) 

 

Fig. S10 ORR polarization curves of FePc and Pt/C in O2-saturated 0.1 M KOH solution 
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Table S1 Comparison of OER activity of the mesoporous Ni3FeN with recently reported OER 

electrocatalysts 

Catalysts Electrolyte Over-potential at 10 

mA cm–2 (mV) 

Tafel slope              

mV dec-1 

Refs. 

Co-Zn(3:1)-N 1M KOH 350 75.06 [S8] 

Co-Mn(3:1)-N 1M KOH 330 73.53 [S8] 

CoNi(3:1)-N 1M KOH 320 70.45 [S8] 

NiFeN/r-GO 1 M KOH 270 54 [S9] 

Ni3FeN Bluk 1 M KOH 320 67 [S10] 

Ni3Fe/Ni3FeN 1M KOH 268 54 [S11] 

Yolk–Shell Ni3FeN 1M KOH 295 69 [S11] 

Co3FeNx 1M KOH 222 46 [S12] 

NiCo2N-NF 1M KOH 290 65 [S13] 

Cu1−x NNi3−y/FeNiCu 1M KOH 280 46 [S14] 

TiN@Ni3N 1M KOH 350 94 [S15] 

Ni 0.75 Fe0.25 LDH 1M KOH 350 64 [S16] 

NiFeMn LDH 1M KOH 270 47 [S17] 

NiFe LDH-UF 1M KOH 254 32 [S18] 

Porous CoFe–P 1M KOH 270 30 [S19] 

NiSe 1M KOH 270 64 [S20] 

CoP/ CoCr2O4 1M KOH 290 52 [S21] 

Ir@IrO2 1M KOH 255 45 [S22] 

NiCo2O3@OMC 1 M KOH 281 96.8 [S23] 

Mesoporous        Ni3FeN 1 M KOH 259 54 This 

work 
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