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Quantitative results
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Fig. S1 EDX results of Ce-CMO/VC.




Quantitative results
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Fig. S2 EDX results of Ce-CMO/rGO-VC.

100 5x10°
4x10™
80|
2
[=)
= ax10® <
; mass ~
= m/z 44 (CO,) *g
[72]
o 60| s £
@ 60 miz 18 (H,0) 2x10° £
= (&}
1x10°
40
i N

100 200 300 400 500 600 700 800 900
Temperature / °C

Fig. S3 Thermogravimetric behavior and mass spectrometry results of CMO/VC in O,/Ar atmosphere.
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Fig. S4 CVs of Ce-CMO/VC, Ce-CMO/rGO-VC, Ce0,/VC, CMO/VC and Pt/C catalysts at 10 mV s in
de-aerated 1 M KOH/1 M EtOH.
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Fig. S5. Potentiodynamic ORR curves of CeO,/VC (a), CMO/VC (b) and comm. Pt/C (c) in O,-
saturated 1 M KOH or 1 M KOH/1 M EtOH at 10 mV s™! at different rotation rates.



Table S1. Comparison of Ce-CMO/C with other catalysts combining cerium, manganese and cobalt
oxides.

Material koM E1o/VReterence Jjp/mA cm-? n/ Tafel slope/mV dec’ Reference
Ce@Co030,/CNFs 0.1 0.810 Vgrue -5.03 ~4 85.8 1
C0;0,4-Ce0,/C 0.1 ~0.83 Vrue approx. -5.35 3.91 83.9 2
Co30,@267-NT@CeO, 0.1 0.88 Vgrue approx. -6.8 ~4 66.8 3
MnOOH@CeO, 0.1 0.80 Vrye -5.08 3.95 111.1 4
Co00,/Ce0,/RGO 0.1 0.83 Vrye approx. -5.0 3.8 54 5
MnO,-CeO,/KB 0.1 0.81 Vrue approx. -5.0 ~4 94 .4 6

4.8% Ce-MnO,/C 0.1 0.783 Vrue approx. -5.6 3.97 90 7

0.5% Ce-Co030, 0.1 0.665 Vgrue approx. -5.5 ~4 108 and 60 8
CeOMS-2 1.0 ~0.05 Viggo approx. -0.6** 3.4 - 9
CeO0,/MNWO,-2 0.1 0.827 Vgrue -4.2 3.1 - 10

5% Ce-MnO,/Ag 0.1 ~0.88 Vgrie approx. -5.4 3.98 50 "
Ce0,-Co0O,/N-rGO - approx. -0.1 Vagagci approx. -6.5 4.2 - 12
Co-Ce0,/N-CNR 0.1 0.819 Vrie* approx. -6.7 3.95 58.4 13

5% Mn-CeO,/rGO 0.1 -0.336 Vagiagoi -4.83 3.6 - 14
a-MnO,/Mn;0,/Ce0,/C 0.1 -0.24 Vagiagai -6.63 ~4 921.9 15
Ce-CMO-18%/MWCNTs 0.1 0.84 Vgrye* approx. -6.6 ~4 84 16
Ce-CMO/VC 1.0 0.828 Vg -2.84 3.27 57.2 This work
Ce-CMO/rGO-VC 1.0 0.822 Vgue -2.93 3.48 61.0 This work

ckon = KOH electrolyte concentration; E;,, = half-wave potential; jp = diffusion limited current density;
n = electron transfer number; * potential at 3 mA cm2 is given instead of E,»; ** jp is given in mAinstead
of mA cm=2.
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Fig. S6. Tafel plot of Ce-CMO/VC and Ce-CMO/rGO-VC.

Table S2. Limiting current density of the Ce-CMO/VC and Ce-CMO/rGO-VC catalysts, CMO/VC and
CeO,/VC without/with EtOH at different rpm.

Catalysts 400 rpm/ 600 rpm/ 900 rpm/ 1200 rpm/ 1600 rpm/ 2000 rpm/

mA cm-2 mA cm-2 mA cm-2 mA cm-2 mA cm-2 mA cm-2
Ce0,/VC -1.03/-0.84 -1.26/-1.01 -1.55/-1.21 -1.81/-1.38 -2.12/-1.58 -2.39/-1.76
CMO/VC -1.29/-0.95 -1.54/-1.13 -1.85/-1.36 -2.12/-1.55 -2.44/-1.78 -2.77/-1.99
Ce-CMO/VC -1.45/-1.30 -1.75/-1.53 -2.13/-1.80 -2.46/-2.03 -2.84/-2.28 -3.22/-2.58

Ce-CMO/rGO-VC -1.52/-1.32 -1.82/-1.57 -2.20/-1.87 -2.52/-2.14 -2.93/-2.46 -3.30/-2.80
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