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Supporting Tables and Figures

Table S1 Lattice parameter of Pt, actual Pt loading, ECSA, onset potential and mass 

activity of Pt/CeO2-C, Pt/Ce1-xMoxO2-δ-C, Pt/C-H and Pt/C-JM catalysts, respectively.

Sample
Lattice parameter 

of Pt / nm

Actual Pt 

loading / %

ECSA / 

m2 g-1

Onset potential / 

mV vs SCE

Mass activity / 

mA mgPt
-1

Pt/CeO2-C 0.3917 18.7 73.19 381 951.8

Pt/Ce0.8Mo0.2O2-δ-C 0.3901 18.9 83.59 376 1197.7

Pt/Ce0.7Mo0.3O2-δ-C 0.3892 18.9 94.01 372 1888.4

Pt/Ce0.6Mo0.4O2-δ-C 0.3909 18.8 86.54 365 1506.7

Pt/C-H 0.3923 18.6 41.97 448 136.7

Pt/C-JM - 19.8 52.89 427 418.2



Table S2 The peak area ratio in the Raman spectra, actual atomic ratio of Ce/Mo, BET 

surface area, electronic conductivity, the proportions of Ce3+ and OC of pure CeO2 and 

Mo-doped CeO2 samples, respectively.

Sample
(AI + 

AIII)/AII

Actual 

Ce/Mo

BET / 

m2 g-1

Electronic conductivity 

/ S cm-1

Ce3+/(Ce3++

Ce4+) / %α

OC/( OC+ 

OL) / %β

CeO2 0.0316 1:0 53 1.3×10-4 11.24 25.6

Ce0.8Mo0.2O2-δ 0.113 1.8/8.2 145 1.8×10-2 11.89 44.3

Ce0.7Mo0.3O2-δ 0.245 2.9/7.1 156 0.15 12.27 55.2

Ce0.6Mo0.4O2-δ 0.328 3.8/5.2 168 0.23 12.65 58.7

α, β calculated from XPS



Table S3 The positive scan peak current density normalized as mass activity for the 

Pt/Ce0.7Mo0.3O2-δ-C catalyst and other recently reported catalysts.

Catalyst
Mass activity / 

mA mgPt
-1

Scanning 

rate / mV/s
Condition References

Pt/Ce0.7Mo0.3O2-δ-C 1888.4 50 0.5 M H2SO4 + 1 M CH3OH This work

Pt/C-MoC-Gl 1596.7 50 0.5 M H2SO4 + 1 M CH3OH 1

Pt-Ni2P/C-30% 1432 50 0.5 M H2SO4 + 1 M CH3OH 2

Pt/I-IL (10)/GNPs 1559.7 50 0.5 M H2SO4 + 1 M CH3OH 3

Pt/MnOx-MWCNTs 1367.3 50 0.5 M H2SO4 + 1 M CH3OH 4

Pt/MnO2/GS 1224 20 1 M H2SO4 + 2 M CH3OH 5

Pt-SiO2/graphene 1047 50 0.5 M H2SO4 + 1 M CH3OH 6

Pt/Ce0.8Sn0.2O2-δ-C 502 50 0.5 M H2SO4 + 0.5 M CH3OH 7

Pt/Ti0.9Sn0.1O2-C 459.6 10 0.5 M H2SO4 + 0.5 M CH3OH 8

Pt/CeO2/graphene 366 100 0.5 M H2SO4 + 1 M CH3OH 9

Pt/CeO2/PANI 361.33 100 0.5 M H2SO4 + 0.5 M CH3OH 10

Pt/TiO2@N-doped C-900 490 50 0.5 M H2SO4 + 1 M CH3OH 11

Pt-MoOx/CNTs 246.2 20 0.5 M H2SO4 + 1 M CH3OH 12

Pt/TiO2-C 102.8 50 0.5 M H2SO4 + 0.5 M CH3OH 13
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Figure S1 XRD patterns of (a) Pt/C-H, (b) Pt/CeO2-C (b), (c) Pt/Ce0.8Mo0.2O2-δ-C, (d) 

Pt/Ce0.7Mo0.3O2-δ-C and (e) Pt/Ce0.6Mo0.4O2-δ-C catalysts.



Figure S2 XPS spectra of (a) Ce 3d and (b) O 1s for CeO2 and Ce1-xMoxO2-δ.

XPS was performed in order to further illuminate the surface composition and the 

chemical state of the elements existing in Mo-doped CeO2 samples with various Mo 

doping ratios. The XPS results of Ce 3d for CeO2 and Ce1-xMoxO2-δ are shown in Figure 



S2a. The bands labeled µ, µ’’, µ’’’, ν, ν’’ and ν’’’ represent the 3d104f0 state of Ce4+, 

whereas µ’ and ν’ represent the 3d104f1 state, corresponding to Ce3+. The presence of 

Ce3+ is due to the reduction of Ce4+ in the oxide structure.14 The fraction of Ce3+ species 

can be estimated using relative areas of ν’ and µ’ peaks according to the equation:

[𝐶𝑒3 + ] =
𝑆
𝜈'
+ 𝑆

µ'

Ʃ(𝑆𝜈+ 𝑆µ)
where S is the integrated area corresponding to peak νi or µI. The calculated ratios of 

Ce3+ for the CeO2, Ce0.8Mo0.2O2-δ, Ce0.7Mo0.3O2-δ and Ce0.6Mo0.4O2-δ are 11.24, 11.89, 

12.27 and 12.65 %, respectively. Therefore, the relative content for Ce3+ in the oxides 

increased after increasing the doping level of Mo.

The XPS spectra of O 1s for CeO2 and Ce1-xMoxO2-δ are shown in Figure S2b. The O1s 

XPS spectra appear broad, which can be deconvoluted into two distinct peaks, referred 

to as the lattice oxygen (OL) at about 529.3 eV and the chemisorbed surface oxygen 

(OC) at about 531.2 eV. The strong peaks of the samples at about 531.2 eV suggest that 

they are expected to have better OSC, which would be promising for their highly active 

in oxidation reactions. The ratios of OC for CeO2, Ce0.8Mo0.2O2-δ, Ce0.7Mo0.3O2-δ and 

Ce0.6Mo0.4O2-δ are 25.6, 44.3, 55.2 and 58.7 %, respectively, indicating that the content 

of surface oxygen vacancy is increased after increasing the doping ratio of Mo.



Figure S3 XPS spectra of Mo 3d for Ce0.8Mo0.2O2-δ, Ce0.7Mo0.3O2-δ, Ce0.6Mo0.4O2-δ 

solid solutions.

 



Figure S4 TPR profiles of CeO2 and Ce1-xMoxO2-δ.



Figure S5 (a) TEM and (b) HRTEM images of CeO2.



Figure S6 (a) TEM, (b-d) Elemental mapping images of the Ce0.7Mo0.3O2-δ.



Figure S7 TEM, HRTEM images and the Pt particle size distribution of (a) Pt/CeO2-

C, (b) Pt/Ce0.8Mo0.2O2-δ-C and (c) Pt/Ce0.6Mo0.4O2-δ-C catalysts.



Figure S8 Typical CVs of Pt/CeO2-C, Pt/Ce0.8Mo0.2O2-δ-C, Pt/Ce0.7Mo0.3O2-δ-C, 

Pt/Ce0.6Mo0.4O2-δ-C, Ce0.7Mo0.3O2-δ-C, Pt/C-H and Pt/C-JM catalysts in 0.5 M H2SO4.



Figure S9 Typical CVs of Pt/Ce0.7Mo0.3O2-δ-C and Ce0.7Mo0.3O2-δ-C in 0.5 M H2SO4 

solution containing 1 M CH3OH.



Figure S10 Typical CVs of Pt/Ce0.7Mo0.3O2-δ-C catalysts with various loadings of 

Ce0.7Mo0.3O2-δ in 0.5 M H2SO4 solution containing 1 M CH3OH.



Figure S11 CA curves of Pt/CeO2-C, Pt/Ce0.8Mo0.2O2-δ-C, Pt/Ce0.7Mo0.3O2-δ-C, 

Pt/Ce0.6Mo0.4O2-δ-C, Pt/C-H and Pt/C-JM catalysts in 0.5 M H2SO4 solution containing 

1 M CH3OH at 0.6 V for 4500 s. 
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