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Figure S1. SEM images of CNTs synthesized with different EtOH: ACN ratios as carbon sources: 

(a) 5:0; (b) 4:1; (c) 3:2; (d) 2:3; (e) 1:4; (f) 0:5.   

 

 

Figure S2. SEM image of CNT/Fe-Ni. 

 

 
Figure S3. (a) XRD pattern of the CNT/Fe-Ni sample, (b) Raman spectra of both CNT/Fe-Ni and 

CNT/Fe-Ni@RuO2@PANI-350 samples. 

 



 

Figure S4. XPS spectra of CNT/Fe-Ni: a) Fe 2p, b) Ni 2p3/2。 

  

 
Figure S5. STEM and elemental mapping images of the CNT/Fe-Ni@RuO2@PANI-350 catalyst. 

 

 

Figure S6. XPS spectra of CNT/Fe-Ni@RuO2@PANI-350: a) Ni 2p3/2, b) Fe 2p。 



 

Figure S7. OER catalytic performance of different catalysts in 0.5 M H2SO4 solution. 

 

 

Figure S8. a) CV curves of CNT/Fe@RuO2@PANI-350, b) CNT/Fe-Ni@RuO2@PANI-350, c) 

CNT/Ni@RuO2@PANI-350 in 0.5 M H2SO4 at different scan rates ranging from 10 to 60 mV s-1 

within the potential range of 1.1–1.2 V vs. RHE, d) the relationship between △J/2 and scan rate (ν) 

at 1.15 V, where the slope represents the Cdl value of the catalyst. 

 



 

Figure S9. Simplified Randles equivalent circuit used for electrochemical impedance spectroscopy 

(EIS) measurements. 

 

 

 

Figure S10. (a) TEM and (b) HRTEM images of CNT/Fe-Ni@RuO2@PANI-350 after 150 h of OER 

in 0.5 M H2SO4 (the inset is the corresponding in-FFT image). 

 

 

Figure S11. Particle size distribution histogram of RuO2 nanoparticles for the CNT/Fe-

Ni@RuO2@PANI-350 catalyst after 150 h OER testing 



 

Figure S12. STEM and elemental mapping images of CNT/Fe-Ni@RuO2@PANI-350 after the OER 

reaction in 0.5 M H2SO4 electrolyte. 

 

 

Figure S13. XPS spectra of (a) Ru 3p and (b) O 1s for the CNT/Fe-Ni@RuO2@PANI-350 catalyst 

before and after 150 hours of the electrocatalytic OER process at 10 mA cm-2. 

 

 

Figure S14. XRD patterns of CNT/Fe-Ni@RuO2@PANI-350 before and after 150 hours of the 

electrocatalytic OER process at 10 mA cm-2.



 

Figure S15. OER free energy diagrams of (a) GPE/Fe@RuO2 and (b) GPE@RuO2. 

 

 

Figure S16. Differential charge density analysis of (a) GPE/Fe@RuO2 and (b) GPE@RuO2. 

 

Table S1. The percentages of RuO2, CNT, Fe-Ni alloy, and PANI in CNT/Fe-Ni@RuO2@PANI-350 

calculated from XPS analysis. 

RuO2 wt% CNT wt% Fe-Ni alloy wt% PANI wt% 

40.7 44.6 0.4 7.6 

 

  



 

Table S2. Comparison of the performance of CNT/Fe-Ni@RuO2@PANI-350 with reported catalysts 

in acidic electrolytes. 

Catalyst Electrolyte 
ŋ10 

(mV) 

Tafel 

Plots 

(mV dec-1) 

 

Rct (Ω) 

 

Stability 

(10 mA 

cm-2) 

Ref. 

CNT/Fe-Ni@RuO2@PANI-350 0.5 M H2SO4 188 39.1 

 

31.8 

150 h(30 

mV 

overpotent

ial 

increase) 

This 

Work 

Bi0.15Ru0.85O2 0.5 M H2SO4 200 59.6 - 100 h [1] 

Co-RuO2/TiO2 0.5 M H2SO4 266 65.0 53.1 50 h [2] 

La0.1Ru0.9O2 0.5 M H2SO4 188 76.6 - 63 h [3] 

RuOxSey-800 0.5 M H2SO4 211 45.4 - 18 h [4] 

Si-RuOx@C 0.5 M H2SO4 220 53.0 - 100 h [5] 

Co0.25Ru2O7−δ 0.5 M H2SO4 275 61.0 - ~20 h [6] 

IrPdRhMoW/C 0.5 M H2SO4 188 35.0 - 100 h [7] 

Pd@RuO2 0.5 M H2SO4 189 65.2 42.26 100 h [8] 

Mn0.2Ru0.8O2 0.5 M H2SO4 214 40.8 - 50 h [9] 

(Y0.2Ho0.2Dy0.2Gd0.2Pr0.2)2Ru2O7 0.5 M H2SO4 200 42.6 - 50 h [10] 

C-RuO2-RuSe-10 0.5 M H2SO4 212 50.4 - 50 h [11] 

E–Zn–RuO2 0.5 M H2SO4 190 50.9 - 60 h [12] 

B-RuO2 0.5 M H2SO4 200 55.0 - 12 h [13] 

PtCo-RuO2/C 0.5 M H2SO4 212 48.5 - 20 h [14] 
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