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Figure S1 TGA curves of C-PQ, Pd/C-PQ and PQ at the rate of 5 ℃ min-1 in nitrogen 

atmosphere. 



Figure S2 HR-TEM images of Pd/C-PQ (a) and Pd/C (b) catalysts.



Figure S3 TEM images and corresponding particle size histograms of Pd/C-PQ (a-b) 

and Pd/C catalysts (c-d) after 50 cycles of CV measurements.



Table S1 Binding energy and relative peak percentages of fitted Pd 3d for Pd/C and 

Pd/C-PQ catalysts. 

Pd/C Pd/C-PQelement index Pd(0) Pd(II) Pd(0) Pd(II)
binding energy/eV 334.6 336.6 334.9 336.7Pd 3d5/2 atom/% 33.2 27.6 43.2 17.7
binding energy/eV 339.8 341.7 340.1 341.8Pd 3d3/2 atom/% 18.3 20.9 26.2 12.9



Table S2 Peak position and relative peak percentages of fitted C 1s and O 1s for Pd/C 

and Pd/C-PQ catalysts. 

Pd/C Pd/C-PQ
element functional 

group binding 
energy/eV atom/% binding 

energy/eV atom/%

C 1s C-C 284.8 58.7 284.7 59.3
C 1s C-OH/C-O-C 285.8 22.8 285.6 24.0
C 1s C=O 287.0 8.4 286.9 9.0
C 1s COO 289.2 10.1 289.1 7.7
O 1s C=O 531.6 20.1 531.5 21.3
O 1s C-OH 532.8 35.1   532.7 38.7
O 1s C-O-C 534.1 30.0 534.0 25.0
O 1s H2O 535.4 14.8 535.3 15.0



Table S3 Comparison of the reported performances of Pd-based anode catalysts for 

formic acid oxidation.

Materials Mass activity
(mA mg-1)

Specific activity
(A m-2) Electrolyte Reference

Pd/C-PQ 712 13.5 0.5 M HCOOH + 
0.5 M H2SO4

This work

 Pd/N-doped 
graphene-CNT 630 /

Pd/graphene 273 /
Pd/CNT 170 /

0.5 M HCOOH + 
0.5 M H2SO4

[1]

PdNi/RGO 604 /
Pd/RGO 308 /

0.5 M HCOOH + 
0.5 M H2SO4

[2]

Pd/rGO 697 / 0.5 M HCOOH + 
0.1M HClO4

[3]

Pd6Ga4/rGO 762 7.4 1 M HCOOH + 
0.5 M H2SO4

[4]

AuCore-
PdShell/RGO 620 1.9 0.5 M HCOOH + 

0.5 M H2SO4
[5]

Pd@N-carbon 362 / 0.1 M HCOOH + 
0.1MHClO4

[6]

Pd1Ni1/N-
doped 

graphene
709 / 1 M HCOOH + 

0.5 M H2SO4
[7]

Pd/RGO 648 /
Pd/CNT 516 /

0.5 M HCOOH + 
0.5 M H2SO4

[8]



References

[1] J. Ren, J. Zhang, C. Yang, Y. Yang, Y. Zhang, F. Yang, R. Ma, L. Yang, H. He, H. 

Huang, Pd nanocrystals anchored on 3D hybrid architectures constructed from 

nitrogen-doped graphene and low-defect carbon nanotube as high-performance 

multifunctional electrocatalysts for formic acid and methanol oxidation, Materials 

Today Energy, 16 (2020) 100409.

[2] D. Bin, B. Yang, F. Ren, K. Zhang, P. Yang, Y. Du, Facile synthesis of PdNi 

nanowire networks supported on reduced graphene oxide with enhanced catalytic 

performance for formic acid oxidation, Journal of Materials Chemistry A, 3 (2015) 

14001-14006.

[3] Y. Shen, S. Zhang, F. Liao, J. Sun, Q. Dang, M. Shao, Z. Kang, Pd nanoparticles 

with twin structures on F-doped graphene for formic acid oxidation, ChemCatChem, 

12 (2020) 504-509.

[4] M. Sofian, F. Nasim, H. Ali, F. K. Kanodarwala, M. A. Nadeem, Efficient formic 

acid oxidation over gallium oxide incorporated Pd containing electrocatalyst, 

International Journal of Hydrogen Energy, 51 (2024) 1277-1285.

[5] P. Raghavendra, Y. Chandra Sekhar, P. Sri Chandana, L. Subramanyam Sarma, 

Reduced graphene oxide (RGO)-supported AuCore–PdShell nanocomposite 

electrocatalyst for facile formic acid oxidation, Inorganic Chemistry Communications, 

144 (2022) 109939.

[6] H. Zhang, K. Lu, B. Li, Y. Liu, Y. Su, R. Wang, Y. Cheng, Microfluidic, one-batch 

synthesis of Pd nanocrystals on N‑doped carbon in surfactant-free deep eutectic 

solvents for formic acid electrochemical oxidation, ACS Applied Materials & 

Interfaces, 12 (2020) 42704-42710.

[7] Y. Jin, J. Zhao, F. Li, W. Jia, D. Liang, H. Chen, R. Li, J. Hu, J. Ni, T. Wu, D. 

Zhong, Nitrogen-doped graphene supported palladium-nickel nanoparticles with 

enhanced catalytic performance for formic acid oxidation, Electrochimica Acta, 220 

(2016) 83-90.

[8] Z. Zhu, J. Qin, Q. Yang, H. He, L. Yang, Hu. Huang, G. Ying, Interconnected Pd 

nanowire networks stereoassembled on biomass-derived porous carbon skeletons as 



bifunctional electrocatalysts for efficient methanol and formic acid oxidation, ACS 

Sustainable Chemistry & Engineering, 12 (2024), 10615-10623.


