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Characterization

The structural details of synthesized composites were evaluated using X-ray powder diffraction 

(XRD) measurements on X’pert pro diffractometer, PANalytical using CuKα line (λ = 1.5406 

Å 40 kV, 40 mA) in the 2θ range of 10o – 80o with scan rate 2o/min. Raman spectroscopy 

(HORIBA, LABRAM HR Evolution) was studied using 633 nm laser excitation for the 

prepared composites. X-ray photoelectron spectroscopy (XPS) measurements were carried out 

using Shimadzu ESCA 3400 instrument with AlKα source (Physical Electronics system; 1486.6 

eV monochromatic beam) operated at 15 kV, and the XPSPEAK41 software was used for curve 

fitting and data analysis. A linear-type background was used for data processing. Further, a 

detailed SEM study was carried out using ‘Quanta 200 FEG FE-SEM’. Transmission electron 

microscopy (TEM) images were taken on a JEOL Japan, JEM-2100 Plus microscope operated 

at 100 kV. 

Figure S1. SEM images: (a) KBC, and (b) the Mo2C/Fe3C-NC3 catalyst.



Figure S2. SEM images: (a, b) Mo2C/Fe3C catalyst, (c, d) MoO2-C, and (e, f) Fe2O3-C 

composites.



Figure S3. HR-SEM element mapping corresponds to (a) EDS layered image, (b) Mo, (c) C, 

(d) Fe, (e) N, and (f) EDS of Mo2C/Fe3C-NC3 composite. 



Figure S4. HR-TEM EDS spectrum of the prepared Mo2C/Fe3C-NC3 composite.



Figure S5. Polarization curves at different rotation: (a) KBC, and (b) Mo2C/Fe3C catalysts at 

scan rate 10 mV s-1, in O2 saturated 0.1 M KOH.



Figure S6. (a-b) SEM picture, and (c-d) low resolution TEM pictures for the Mo2C/Fe3C-NC3 

composite after stability analysis.



Figure S7. Comparative CVs and ECSA values: (a, b) MoO2-C, (c, d) Fe2O3-C, and (e, f) 

Mo2C/Fe3C-NC3 catalysts.



Table S1. XPS analysis.

No. Name of the element Core binding energy (eV) FWHM (eV)

283.7 0.9

284.5 0.9

285.1 1.6

1. C 1s

286.8 2.0

530.5 1.6

532.0 2.3

2. O 1s

533.7 1.7

228.6 1.0

231.9 1.3

232.6 1.3

3. Mo 3d

235.7 1.3

398.4 1.6

399.1 1.9

4. N 1s

400.7 2.1

707.5 1.8

710.5 2.6

721 2.9

5. Fe 2p

725.4 1.26



Table S2. Comparison of catalytic activity for the prepared catalysts.

No. Catalyst Eonset (V) E1/2 (V) JL 

(mA/cm2)

Mass activity 

(mA/mg)

1. MoO2-C 0.89 0.76 4.2 38

2. Fe2O3-C 0.95 0.8 5.6 83

3. Mo2C/Fe3C-NC1 1.00 0.84 6.0 69

4. Mo2C/Fe3C-NC2 0.97 0.86 5.9 139

5. Mo2C/Fe3C-NC3 1.00 0.89 6.2 221

6. Mo2C/Fe3C-NC4 1.00 0.88 5.5 190



Table S3. Comparison of ORR catalytic performances of Mo2C/Fe3C-NC3 with those of 

other reported electro-catalysts in alkaline media

No. Catalyst Eonset (V) E1/2 (V) JL (mA/cm2) Reference

1 Mo2C/Fe3C-NC3 1.00 0.89 6.2 This work

2 Mo2C@NC/Co@NG-900 0.922 0.867 5.5 1

3 Mo2C−GNR 0.93 0.8 4.6 2

4 Mo2C/NCNT-30 0.85 0.62 4.22 3

5 MoC/NGr-3 0.93 0.80 3.091 4

6 Mo2C/CXG 0.89 0.71 4.1 5

7 Mo2C/NPCNFs 0.9 0.77 4.8 6

8 Fe-PANI@NP 0.85 0.72 4.5 7

9 Fe3C/N,S-CNS 0.98 0.86 5.8 8

10 Fe-SAs/Fe3C-Fe@NC 0.98 0.925 5.6 9

11 Fe3C@N-CNTs 0.98 0.85 5.0 10

12 Fe3C-Co-NC 1.02 0.89 4.5 11
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