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Experimental section

Characterization

X-ray diffraction (XRD) pattern was recorded in a XD-3 diffractometer with Cu 

Kα radiation. Transmission electron microscopy (TEM) and scanning electron 

microscopy (SEM) of the samples were performed in a JEM-2100 HR, JEOL system), 

and a Model S4800, Hitachi, respectively. X-ray photoelectron spectroscopy (XPS) 

was conducted on a RBD upgraded PHI-5000C ESCA spectrometer.

Electrochemical measurements

All electrochemical measurements including oxygen evolution reaction were 

performed on a CHI 614E electrochemical workstation (CH Instrument, China) in 1.0 

M KOH solution. The sample covered CFP is employed as the working electrode, a Pt 

gauze (1 × 1 cm2) as the counter electrode and a mercury/mercury oxide electrode 

(MOE) as the reference electrode. The long-term stability of the samples was also 

examined by using the same electrolyzer. To prepare the working electrode, the 

catalysts (2 mg) and Nafion solution (5wt%, 40 μL) were dispersed in CH3CH2OH 

(0.5 mL), then the solution was sonicated for 1.0 h to give the homogeneous ink. 

Subsequently, the well-mixed suspension (100 μL) was loaded onto CFP. The 

obtained electrode was then dried naturally at room temperature and retained for use. 

The measured potential in this work has been calibrated with the reversible hydrogen 

electrode potential (RHE) based on Nernst equations. The measured LSV data were 

corrected by the following equation: Ecompensated = Emeasured - iR (R represents the series 

resistance determined by EIS). The electrochemical impedance spectroscopy (EIS) 

measurement was recorded in the frequencies ranging from 0.01 Hz to 100 KHz with 

an amplitude of 1 mV. The double-layer capacitance of the as-synthesized samples is 

determined by the cyclic voltammograms with different scan rates (20, 40, 60, 80, and 

100 mV/s) in the scope of 0.1-0.2 V vs. RHE. The oxygen quantification analysis was 

recorded in a gas chromatography instrument. The turnover frequencies (TOFs) per 

metal site are calculated based on the hypothesis that all the metal atoms in the 

catalysts formed active site and all of them were accessible to the electrolyte.[1] The 

following formula was applied to calculate the TOFs per active site in the as-prepared 
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samples:

TOFs = (#total oxygen turnover/cm2 geometric area)/(#active sites/cm2 

geometric area); #O2 = (J×NA)/(4F×1000)

where the J represents the current density, NA is the the Avogadro’s number 

(6.02×1023), and F is the Farada constant (96485 C mol-1). The metal loading of the 

as-prepared samples is determined by the ICP measurements. It is noted that the 

number of practical active sites should be lower than the theoretical value.

Preparation of Mo5N6/MoO3 catalyst

To prepare Mo5N6/MoO3 composite, (NH4)2MoO4 (1.23 g) and C2H4N4 (0.1 g) 

were well dispersed in CH3CH2OH (20 mL) and deionized water (20 mL) by 

sonicating in an ultrasonic bath for 1 h. The mixture was transferred into 100 mL 

Teflon-lined stainless-steel autoclave that was heated at 160 oC for 12 h to afford the 

desired precursors. The obtained mixture was positioned in an alumina boat and 

heated at 550 oC for 3 h at a rate of 5 oC/min in a N2 flow. After cooling down to 

room temperature, the final Mo5N6/MoO3 composite was obtained by washing with 

ultrapure water and CH3CH2OH.

Preparation of Mo5N6 catalyst

The Mo5N6 catalyst was fabricated by annealing precursor (NH4)2MoO4 (1.23 g) 

in pure ammonia atmosphere under the final conditions of 550 °C, 5 °C min−1, and 

hold for 5 h. After cooling down to room temperature, the final Mo5N6 was obtained 

by washing with ultrapure water and CH3CH2OH.

Preparation of MoO3 catalyst

To prepare MoO3 electrocatalyst, (NH4)2MoO4 (1.23 g) was well dispersed in 

CH3CH2OH (20 mL) and deionized water (20 mL) by sonicating in an ultrasonic bath 

for 1 h. The mixture was transferred into 100 mL Teflon-lined stainless-steel 

autoclave that was heated at 160 oC for 12 h to afford the desired precursors. The 

obtained mixture was positioned in an alumina boat and heated at 550 oC for 3 h at a 

rate of 5 oC/min in a N2 flow. After cooling down to room temperature, the final 

MoO3 was obtained by washing with ultrapure water and CH3CH2OH.
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Figure S1. High resolution XPS spectra of Mo 3d for the as-prepared samples. 

Figure S2. (a) XRD patterns and the enlarged image in the region of 26.8o-28.0o for 

the as-prepared samples.

Figure S3. CV polarization curves of the as-prepared samples. 
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Figure S4. OER polarization curve of commercial IrO2. 

Figure S5. TOF values of the as-prepared samples for OER. 

Figure S6. XRD pattern of Fe-Mo5N6/MoO3-550 after OER.
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Figure S7. High resolution XPS spectra of (a) Fe 2p, (b) Mo 3d, (c) N 1s and (d) O 1s 
for Fe-Mo5N6/MoO3-550 after OER.

Figure S8. (a) SEM image, and the corresponding elemental mapping images of (b) 

Mo, (c) O, (d) N and (e) Fe for Fe-Mo5N6/MoO3-550 after OER.
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Figure S9. Raman spectra of Fe-Mo5N6/MoO3-550 before and after OER.

For Fe-Mo5N6/MoO3-550, some new peaks appeared after OER, which can be 

ascribed to the typical Raman vibrational peaks of the generated Fe 

oxides/oxy(hydroxides) during OER process.[1-5]

Figure S10. CV curves of the samples at different scan rates.
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Figure S11. Systematic representation of electronic configuration in the case of Fe2+, 
Fe3+, Mo3+ and Mo4+ and possible electron transfer. Mo6+ is not presented in this case. 
The partial electron transfer from the electron-rich t2g d-orbitals (Fe2+, Fe3+, Mo3+ and 

Mo4+) to the electron-deficient t2g d-orbitals (Mo6+) can be occurred through the 
bridging O2- at the interface, since the π-symmetry t2g d-orbitals of Mo6+ are fully 

unoccupied.
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Table S1. Comparison of catalytic activity for OER on different catalysts.

Catalyst
Overpotential 
at 10 mA·cm-2 

(η10, mV vs. RHE)

Overpotential 
at 100 mA·cm-2 

(η100, mV vs. RHE)
Reference

MoO3/Ni–NiO / 347 1
LaFexNi1-xO3 302 / 6

NiO@MoO3/VC 280 / 7
Fe2Ni-BPTC  365 / 8
NiFe LDH 300 / 9

P-MoO3 FCL MXene/NF 179 / 10
S-NiFe2O4/NF 267 / 11
Ti3C2@MoO3 190 / 12

NiFe2O4 381 / 13
ZIF67@MoO3 NSs@NF 178 / 14

Ni0.65Fe0.35P 270 / 15
Fe-doped MoO2/MoO3 / 310 16

NiFeLDH/CNT 308 / 17
Ni(PO3)2–MoO3/NF 234 / 18
Co3O4/MoO3/g-C3N4 206 / 19

NiO@MoO3/VC 280 / 20
Mo-doped Ni3Fe/Ni3FeN 240 / 21

Co-Mo-N@Ag 234 346 22
Co-NiMoN-400 NRs 294 367 23
Ni/MoN@NCNT/CC 252 368 24

Ni3FeN 223 / 25
CuMo2ON@NG 180 / 26

Ni3N-NiMoN 227 > 340 27
NiMoN 202 > 350 28

Mo–N-CNT 344 / 29
Ni/Ni0.2Mo0.8N/MoO3 252 > 370 30

CoMoNx-500 NSAs/NF 231 > 315 31
Co/Ce-Ni3S2/NF 286 (η20) > 370 32

Fe, O–Ni2P 210 / 33
NiFe-codoped PCN 270 / 34

Fe-doped Ni3Se4 225 / 35
Fe doped NiSe2 227 / 36
NiFe−W18O49 325 / 37

Mo-doped CoP2 220 306 38
Ni3S2/MoS2/20g-C3N4 183 / 39

FeOx-MoP@MWCNTs-
2

229 > 330 40

CoSe@NiSe2@MoS2 170 > 370 41
Fe-Mo5N6/MoO3-550 201 373 This work
Fe-Mo5N6/MoO3-550 216 (η20) 373 This work
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