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Figure S1. Preparation of Fe catalysts using PS-b-PMMA nanotemplates (A) PS-b-PMMA 
cylinder type block copolymer template after the removal of PMMA core. (B) Hexagonally 
packed Fe catalyst arrays prepared by E-beam evaporation with PS-b-PMMA nanotemplate 
in (A). 

 

 

Figure S2. Survey san and N 1s XPS spectra of NCNTs 
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Figure S3. Mn 2p XPS Spectrum of Mn oxide (100)/NCNT and Mn oxide (10)/NCNT. The 
number in parentheses indicates the molar concentration of KMnO4 in a Mn precursor solution 
used for hybridization process. 

 

 

Figure S4. Chemical configuration of nitrogen dopants in NCNT. (A) Pyridinic nitrogen (NP), 
(B) Quaternary nitrogen (NQ) 
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Figure S5. XPS analysis of RuOx/NCNT hybrids. 

 

 

Figure S6. Schematic diagram of the nucleation of RuOx nanoparticles at NQ or NP dopant sites 
in NCNT 
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Figure S7. Electrochemical characterization. (A–C) Cyclic voltammograms at various scan 
rates of NCNT, MnOx/NCNT and RuOx/NCNT. The cathodic peak at 0.2 V vs. SCE in (A) 
originates from the redox reaction of residual Fe elements used as a catalyst for NCNT growth. 


