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1. Figures

Fig. S1. Representative SEM images of (a, b) GO nanosheets, respectively, revealing 

the 2D lamellar structure of GO nanosheets. 

Fig. S2. Representative SEM images of (a, b) CeO2 nanosheets, respectively, revealing 

the lamellar structure of the CeO2.

Fig. S3. (a) Representative AFM image of the CeO2 nanosheets. (b) Based on the 

examination of the white lines, a thorough thickness analysis reveals that the CeO2 

nanosheets exhibit a consistent thickness of approximately 5.2 nm. 

Fig. S4. The XRD patterns of uncalcined CeO2 nanosheets, suggesting that the 

uncalcined CeO2 nanosheets have impurities.

Fig. S5. The synthetic process for the 3D Pd/CeO2-G hydrogels. It includes: (1) mixture 

CeO2 and GO suspension via an ultrasonic treatment; (2) formation of 3D Pd/CeO2-G 

hydrogel through a solvothermal reaction. 

Fig. S6. FE-SEM images of the 3D Pd/CeO2-G architecture at different magnifications. 

(a, b) Low-magnification FE-SEM images indicate that the material has numerous well-

defined macropores. (c, d) High-magnification FE-SEM images focused on CeO2 and 

graphene regions, respectively, showing distribution of Pd NPs on the surfaces.

Fig. S7. FE-SEM images and Pd particle size distribution of (a, b) Pd/CeO2, (c, d) Pd/G, 

(e, F) Pd/CNT, and (g, h) Pd/C, respectively, revealing that Pd NPs are easy to form 

aggregates in these samples, as pointed out by the circles. 



Fig. S8. Raman spectra of Pd/CeO2. The F2g Raman band is a symmetric Ce-O 

vibrational mode with a distinct ceria oxide Raman peak.

Fig. S9. EDX spectrum of the 3D Pd/CeO2-G architecture confirms the co-existence of 

C, O, Ce and Pd components in the material. Since the sample was held on a Cu grid, 

Cu peaks were also detected.

Fig. S10. EPR spectra for Pd/CeO2-G and Pd/CeO2. There is an obvious symmetrical 

peak at approximately g ∼ 2.003 in Pd/CeO2-G, which is a typical oxygen vacancy 

peak.

Fig. S11. Pd 3d spectra of Pd/CeO2-G and Pd/G samples, showing that the binding 

energies for both metallic Pd and Pd2+ peaks of Pd/CeO2-G are shifted actively 

compared with those of Pd/G. 

Fig. S12. (a) LSV curves and (b) corresponding Tafel plots at 0.5 V of the Pd/CeO2-G 

architectures with varying CeO2/G ratios electrodes in 0.5 mol L-1 H2SO4 and 0.5 mol 

L-1 HCOOH solution at 50 mV s-1, showing that the formic acid oxidation reaction is 

much easier to take place on the Pd/CeO2-G(5:5).

Fig. S13. The stability characteristics of different catalysts in methanol oxidation. (a) 

Cycling stability comparison of Pd/CeO2-G(5:5), Pd/CeO2, Pd/G, Pd/CNT, and Pd/C. 

Results from 500 consecutive cycle scans of methanol oxidation in 0.5 mol L-1 H2SO4 

and 0.5 mol L-1 HCOOH for (b) Pd/CeO2-G(5:5), (c) Pd/CeO2, (d) Pd/G, (e) Pd/CNT, 

and (f) Pd/C catalysts, highlighting the superior cycling stability of Pd/CeO2-G(5:5). 

Fig. S14. (a) The CV curves of the Pd/CeO2-G(5:5) before and after 5000 cycles in 0.5 

mol L-1 H2SO4 and 0.5 mol L-1 HCOOH. and (b) the formic acid oxidation mass 



activities of Pd/CeO2-G(5:5) before and after the cycling tests.

Fig. S15. (a) LSV curves and (b) corresponding Tafel plots at 0.5 V of the Pd/CeO2-G 

architectures with varying CeO2/G ratios electrodes in 0.5 mol L-1 NaOH and 1 mol L-

1 CH3OH solution at 50 mV s-1, showing that the formic acid oxidation reaction is much 

easier to take place on the Pd/CeO2-G(5:5). 

Fig. S16. ECSA-normalized CV curves of the Pd/CeO2-G(5:5), Pd/CeO2, Pd/G, 

Pd/CNT in 0.5 mol L-1 NaOH and 1 mol L-1 CH3OH.

Fig. S17. The stability characteristics of different catalysts in methanol oxidation. (a) 

Cycling stability comparison of Pd/CeO2-G(5:5), Pd/CeO2, Pd/G, Pd/CNT, and Pd/C. 

Results from 1000 consecutive cycle scans of methanol oxidation in 0.5 mol L-1 NaOH 

and 1 mol L-1 CH3OH for (b) Pd/CeO2-G(5:5), (c) Pd/CeO2, (d) Pd/G, (e) Pd/CNT, and 

(f) Pd/C catalysts, highlighting the superior cycling stability of Pd/CeO2-G(5:5).

Fig. S18. Typical (a-b) SEM and (c) TEM and (d) HRTEM images of the Pd/CeO2-G 

nanoarchitecture after the long-term chronoamperometric test.

Fig.S19. Relaxed atomic structures for the CO adsorption on (a) Pd/G and (b)Pd-CeO2 

models, further confirming the enhanced anti-poisoning capability of Pd when 

supported on CeO₂.

Table S1. Compiled study comparing CV results for different catalysts. 

Table S2. Comparison of methanol oxidation behavior on the Pd/CeO2-G(5:5) 

composite and various Pd-based electrocatalysts.

Table S3. The charge-transfer resistance (Rct) of different catalysts. 





1. Figures

Fig. S1. Representative SEM images of (a, b) GO nanosheets, respectively, revealing 

the 2D lamellar structure of GO nanosheets.

Fig. S2. Representative SEM images of (a, b) CeO2 nanosheets, respectively, revealing 

the lamellar structure of the CeO2.



Fig. S3. (a) Representative AFM image of the CeO2 nanosheets. (b) Based on the 

examination of the white lines, a thorough thickness analysis reveals that the CeO2 

nanosheets exhibit a consistent thickness of approximately 5.2 nm.

Fig. S4. The XRD patterns of uncalcined CeO2 nanosheets, suggesting that the 

uncalcined CeO2 nanosheets have impurities.



Fig. S5. The synthetic process for the 3D Pd/CeO2-G hydrogels. It includes: (1) mixture 

CeO2 and GO suspension via an ultrasonic treatment; (2) formation of 3D Pd/CeO2-G 

hydrogel through a solvothermal reaction. 



Fig. S6. FE-SEM images of the 3D Pd/CeO2-G architecture at different magnifications. 

(a, b) Low-magnification FE-SEM images indicate that the material has numerous well-

defined macropores. (c, d) High-magnification FE-SEM images focused on CeO2 and 

graphene regions, respectively, showing distribution of Pd NPs on the surfaces.



Fig. S7. FE-SEM images and Pd particle size distribution of (a, b) Pd/CeO2, (c, d) Pd/G, 

(e, F) Pd/CNT, and (g, h) Pd/C, respectively, revealing that Pd NPs are easy to form 

aggregates in these samples, as pointed out by the circles.



Fig. S8. Raman spectra of Pd/CeO2. The F2g Raman band is a symmetric Ce-O 

vibrational mode with a distinct ceria oxide Raman peak.

Fig. S9. EDX spectrum of the 3D Pd/CeO2-G architecture confirms the co-existence 

of C, O, Ce and Pd components in the material. Since the sample was held on a Cu grid, 

Cu peaks were also detected.



Fig. S10. EPR spectra for Pd/CeO2-G and Pd/CeO2. There is an obvious symmetrical 

peak at approximately g ∼2.003 in Pd/CeO2-G, which is a typical oxygen vacancy peak.

Fig. S11. Pd 3d spectra of Pd/CeO2-G and Pd/G samples, showing that the binding 

energies for both metallic Pd and Pd2+ peaks of Pd/CeO2-G are shifted actively 

compared with those of Pd/G.



Fig. S12. (a) LSV curves and (b) corresponding Tafel plots at 0.5 V of the Pd/CeO2-G 

architectures with varying CeO2/G ratios electrodes in 0.5 mol L-1 H2SO4 and 0.5 mol 

L-1 HCOOH solution at 50 mV s-1, showing that the formic acid oxidation reaction is 

much easier to take place on the Pd/CeO2-G(5:5).



Fig. S13. The stability characteristics of different catalysts in formic acid oxidation. (a) 

Cycling stability comparison of Pd/CeO2-G(5:5), Pd/CeO2, Pd/G, Pd/CNT, and Pd/C. 

Results from 500 consecutive cycle scans of methanol oxidation in 0.5 mol L-1 H2SO4 

and 0.5 mol L-1 HCOOH for (b) Pd/CeO2-G(5:5), (c) Pd/CeO2, (d) Pd/G, (e) Pd/CNT, 

and (f) Pd/C catalysts, highlighting the superior cycling stability of Pd/CeO2-G(5:5).

Fig. S14. (a) The CV curves of the Pd/CeO2-G(5:5) before and after 5000 cycles in 0.5 

mol L-1 H2SO4 and 0.5 mol L-1 HCOOH. and (b) the formic acid oxidation mass 

activities of Pd/CeO2-G(5:5) before and after the cycling tests.



Fig. S15. (a) LSV curves and (b) corresponding Tafel plots at 0.5 V of the Pd/CeO2-G 

architectures with varying CeO2/G ratios electrodes in 0.5 mol L-1 NaOH and 1 mol L-

1 CH3OH solution at 50 mV s-1, showing that the formic acid oxidation reaction is much 

easier to take place on the Pd/CeO2-G(5:5).

Fig. S16. ECSA-normalized CV curves of the Pd/CeO2-G(5:5), Pd/CeO2, Pd/G, 

Pd/CNT in 0.5 mol L-1 NaOH and 1 mol L-1 CH3OH.



Fig. S17. The stability characteristics of different catalysts in methanol oxidation. (a) 

Cycling stability comparison of Pd/CeO2-G(5:5), Pd/CeO2, Pd/G, Pd/CNT, and Pd/C. 

Results from 500 consecutive cycle scans of methanol oxidation in 0.5 mol L-1 NaOH 

and 1 mol L-1 CH3OH for (b) Pd/CeO2-G(5:5), (c) Pd/CeO2, (d) Pd/G, (e) Pd/CNT, and 

(f) Pd/C catalysts, highlighting the superior cycling stability of Pd/CeO2-G(5:5).



Fig. S18. Typical (a-b) SEM and (c) TEM and (d) HRTEM images of the Pd/CeO2-G 

nanoarchitecture after the long-term chronoamperometric test.

Fig.S19. Relaxed atomic structures for the CO adsorption on (a) Pd/G and (b)Pd-CeO2 models, 
further confirming the enhanced anti-poisoning capability of Pd when supported on CeO₂.



Table S1. Compiled study comparing CV results for different catalysts.

ECSA (m2 g-1)
Mass activity

(mA mg-1)

Specific activity

(mA cm-2)Electrode

DFAFC DMFC DFAFC DMFC DFAFC DMFC

Pd/CeO2-G(1:9) 37.5 43.6 276.8 415.2 7.8 11.8

Pd/CeO2-G(3:7) 84.7 91.7 502.0 1773.0 14.2 50.2

Pd/CeO2-G(5:5) 107.9 115.8 681.0 2143.5 19.3 60.7

Pd/CeO2-G(7:3) 47.1 58.5 372.1 563.0 10.5 15.9

Pd/CeO2-G(9:1) 30.7 37.8 300.3 498.8 8.5 14.1

Pd/CeO2 8.5 12.7 54.5 166.0 1.5 4.7

Pd/G 28.6 35.0 245.0 353.0 6.9 10.0

Pd/CNT 23.1 20.1 200.0 242.5 5.7 6.9

Pd/C 18.2 17.0 124.5 138.5 3.5 3.9



Table S2. Comparison of methanol oxidation behavior on the Pd/CeO2-G(5:5) 

composite and various Pd-based electrocatalysts.

Catalyst
ECSA 

(m2 g-1)

Mass activity 

(mA mg-1)

Scan rate 

(mV s-1)
Electrolyte

Refer

ence

107.9 681.0 50
0.5 M H2SO4 +

 0.5 M HCOOHPd/CeO2-
G(5:5)

115.8 2143.5 50 0.5 M NaOH + 
1 M CH3OH

This 
work

PtPd/GO 38.0 924.0 50
1 M KOH + 

0.5 M CH3OH
[1]

Pd-Cu-Co/GO 47.1 1062.5 50
1 M KOH +

 1 M CH3OH
[2]

Pd-Mo2N/GO 51.5 532.7 50
0.5 M H2SO4 + 

0.5 M HCOOH
[3]

Pd/BN-GO 43.4 1141.7 50
1 M KOH +

 1 M CH3OH
[4]

Pd/BNG 82.1 707.5 50
0.5 M NaOH +

 1 M CH3OH
[5]

Pd/NS-GO 83.4 501.8 50
0.5 M H2SO4 +

 0.5 M HCOOH
[6]

Pd/PPy-GO 69.4 1192.7 50
1 M KOH +

 1 M CH3OH
[7]

Pd/CoMoO4-
modified 
graphene

50.5 1109.3 50
1 M KOH + 

1 M CH3OH
[8]

Pd/DPHE-GO 54.8 1539.0 50
1 M KOH + 

1 M CH3OH
[9]

Pd/MCNTs 68.3 402 50
0.5 M H2SO4 +

 0.5 M HCOOH
[10]

PdCuSn/CNTs N.A. 395.9 50
1 M KOH + 

0.5 M CH3OH
[11]

Pd/NG-CNT 88.8 1396.0 50
0.5 M NaOH +

 1 M CH3OH
[12]



Table S3. The charge-transfer resistance (Rct) of different catalysts.

Rct

Electrode
Value (ohm) Error (%)

Pd/CeO2-G(5:5) 17.6 6.1

Pd/G 32.6 8.7

Pd/CNT 38.7 4.8

Pd/C 2166.0 3.3
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