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Figure S1. SEM images of (a) FeRu-NC, (b) Fe-NC, (c) Ru-NC, (d) NC.

Figure S2. Particle size distribution of (a) FeRu-NC, (b) Fe-NC, (c) Ru-NC, (d) NC.



  

Figure S3. (a) TEM images of Fe-NC. (b) STEM and EDS mapping images of Fe-NC.

Figure S4. (a) TEM images of Ru-NC. (b) STEM and EDS mapping images of Ru-NC.

Figure S5. (a) TEM images of NC. (b) STEM images of NC. (c) EDS mapping images of NC.



Figure S6. XRD patterns of ZIF-8 and Fe-ZIF-8.

Figure S7. (a) Nitrogen adsorption-desorption isotherms and (b) Pore size distributions of FeRu-

NC, Fe-NC, Ru-NC and NC.

 

Figure S8. XPS spectra of FeRu-NC, Fe-NC, Ru-NC and NC.



Figure S9. High-resolution XPS spectra of Fe-NC. (a) C 1s XPS spectrum. (b) N 1s XPS spectrum. 

(c) Fe 2p XPS spectrum. 

Figure S10. High-resolution XPS spectra of Ru-NC. (a) C 1s XPS spectrum. (b) N 1s XPS 

spectrum. (c) Ru 3p XPS spectrum.

Figure S11. High-resolution XPS spectra of NC. (a) C 1s XPS spectrum. (b) N 1s XPS spectrum.



Figure S12. Comparison of N 1s XPS spectra of FeRu-NC, Fe-NC and NC.

Figure S13. R-space FT-EXAFS fitting plot for Fe-NC.

Figure S14. Geometric area-normalized LSV curves without iR compensation.



Figure S15. Comparison of LSV curves for FeRu-NC in electrolytes with and without (AA) at pH 

= 2.3.

Figure S16. Overpotential comparison for different electrocatalysts, recorded at current densities 

of 10 mA·cm−2 and 100 mA·cm−2. 

Figure S17. (a) ECSA of FeRu-NC, Fe-NC and Ru-NC. (b) LSV curves with current density 

normalized by ECSA. 



Figure S18. TOF values of FeRu-NC, Fe-NC, Ru-NC, Pt/C and RuO2.

 
Figure S19. Nyquist plots of FeRu-NC at different potentials.

Figure S20. LSV curves (90% IR compensation) of FeRu-NC at different AA concentrations.



Figure S21. (a, b) SEM images of FeRu-NC after stability test.

Figure S22. (a) TEM, (b)STEM and (c) EDS mapping images of FeRu-NC after stability test.

Figure S23. XRD pattern of FeRu-NC after stability test.



Figure S24. Metal content in the electrolyte after stability test. 

Figure S25. Chronoamperometric tests at different applied potentials.

 
Figure S26. HPLC of electrolyte (a) before and (b) after AAOR.



Figure S27. (a) Fluorescence spectra from the reaction of OPDA with the initial electrolyte, the 

CuSO₄-oxidized electrolyte, and the post-AAOR electrolyte. (b) Standard calibration curve for 

fluorescence spectroscopy.

Table S1. Elemental mass fraction measured by ICP-OES.
Fe (wt. %) Ru (wt. %)

FeRu-NC 2.08 0.16
Fe-NC 2.55 /
Ru-NC / 0.15

Table S2. The surface area and pore size of FeRu-NC, Fe-NC, Ru-NC and NC.
Surface area (m2·g−1) Pore size (nm)

FeRu-NC 659 6.1
Fe-NC 646 5.0
Ru-NC 1114 3.3

NC 1508 3.1

Table S3. Elemental quantification of different catalysts determined by XPS.
Fe (at. %) Ru (at. %) C (at. %) N (at. %) O (at. %)

FeRu-NC 2.47 0.36 90.71 1.29 5.17
Fe-NC 1.77 / 88.19 2.91 7.13
Ru-NC / 0.65 81.22 8.79 9.35

NC / / 82.03 4.88 13.09

Table S4. Content of different N species in FeRu-NC, Fe-NC, Ru-NC and NC.
pyridinic N (at. %) pyrrolic N (at. %) graphitic N (at. %) oxidized N (at. %)

FeRu-NC 34.61 49.70 4.51 11.17

Fe-NC 33.30 36.30 17.85 12.54

Ru-NC 52.42 29.84 7.45 10.28



NC 31.38 46.89 13.26 8.47

Table S5. Fe peak area ratio of FeRu-NC and Fe-NC determined by XPS.
Fe2+/Fe3+

FeRu-NC 1.25
Fe-NC 1.37

Table S6. Fe K-edge EXAFS curve fitting parameters.
Path CN R (Å) σ2×103 (Å2) R factor (%)

FeRu-NC Fe-N 4.0 2.30 0.31 0.020
Fe-NC Fe-N 4.0 2.22 0.54 0.018

Table S7. Comparison of the electrocatalytic activity for different biomass oxidation catalysts.

Electrocatalyst Biomass additive
J

(mA·cm−2)

Potential

(V)
Ref.

Fe-Ni2P@C/NF arabinose 100 1.36 1

NiFeOx-NF glucose 100 1.39 2

Fe-Ni3S2@NiFe-PBA/NF HMF 100 1.50 3

Fe(OH)x@Co0.8Fe0.2-

MOF/NF
HMF 100 1.49 4

Fe-CoP@NC HMF 100 1.55 5

(FexCo1-x)4N-0.9 HMF 100 1.54 6

Fe-CuOx/CF glycerol 100 1.33 7

CuFeCoOOH glycerol 100 1.36 8

PtFe DAC benzyl alcohol 100 1.28 9

Fe-NF-500 methanol 100 1.38 10

NiFe-LDH methanol 100 1.41 11

PO-XC 72 AA 100 0.65 12

FeRu-NC AA 100 0.61 This work

Table S8. Comparison of overpotential of different electrocatalysts.
Overpotential@10 mA·cm−2 Overpotential @100 mA·cm−2 Overpotential @200 mA·cm−2

FeRu-NC 10 130 200
Fe-NC 71 470 /
Ru-NC 60 410 /



Pt/C 45 230 420
RuO2 56 490 /

Table S9. Fitting parameters from the EIS Nyquist plots of different electrocatalysts.

Electrocatalyst Rs (Ω) Q (sn) n R (Ω) C (F) Rct (Ω)

FeRu-NC 12.65 0.018 0.53 6.16 0.013 2.85

Fe-NC 12.67 0.006 0.51 3.98 0.053 16.41

Ru-NC 12.54 0.011 0.41 6.96 0.007 15.84

Pt/C 12.40 0.015 0.38 9.77 0.0002 5.62

RuO2 13.55 0.013 0.58 7.33 0.100 3.55

Table S10. Standard calibration curve parameters for fluorescent micrometer.
Std. No. Measured value Concentration (mg·mL−1) diff RD t

1 200.39 0.5 0.2 1.34 1.06
2 410.89 1.0 0.1 1.12 −0.78
3 618.50 1.5 −0.2 1.16 0.80
4 824.57 2.0 −0.3 1.81 −1.26
5 1058.26 2.5 0.4 2.45 0.17

AA 701.73 1.7 / / /
DHA-0.6 V 495.34 1.2 / / /
DHA-0.8 V 619.17 1.5 / / /
DHA-1.0 V 635.68 1.54 / / /
DHA-1.2 V 681.09 1.65 / / /

Table S11. Conversion, selectivity, yield and FE at different potentials.
Potential (V) Conversion (%) Selectivity (%) Yield (%) FE (%)

0.6 92.37 70.58 65.19 72.75
0.8 93.72 88.23 82.69 87.37
1.0 98.83 90.58 89.53 91.79
1.2 98.15 97.06 95.26 95.46
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