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Figure S1. Diagram of a copper wire (a) that is then mechanically polished (b), and 

finally chemically etch (c). Micrographs of the unaltered copper wire (d), after 

mechanically polished (e) and then chemically etched (f). 
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Figure S2. Raman spectra of as-grown CNFs with annealing times 30 min (black), and 50 

min (dashed blue). ID:IG ratios for the spectra are 1.13 and 1.16 respectively.  



Pan, Ombaba, Zhou, Liu, Chen, Lu  SI: Direct growth of CNF on Cu   4 of 7 

 
S3a 
 

 
 

 

 

Figure S3a. Contact resistance test measurement set-up 

 

 

 

 

S3b 

 
 

 

 

 

Figure S3b. Proposed tip-growth to form open end CNTs with Cu wires. 
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Kinetic current of ORR: Koutecky-Levich plot 
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Figure S4a. Koutecky-Levich plot of FePc-functionalized CNFs. The functionalized 
CNFs, 50 mg by weight, were scraped from Cu wires and mixed with a 0.05% Nafion 
binder before depositing onto a rotating graphite disk electrode (0.070 cm2). The 
RDE experiment was run with a Pt counter electrode and Ag/AgCl reference 
electrode. The amount of peroxide was detected electrochemically using a gold ring 
electrode with Ag/AgCl as the reference electrode.   
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H2O2 yield: 
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Collection efficiency (No) of RRDE: 0.37  

At -0.4 V, id=0.895 mA; ir= 4.0 µA 

n=3.95; % H2O2 = 2.5% 

 

Figure S4b. Calculations for electron transport during oxygen reduction. 
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Figure S5. XPS analysis in Figure S5 shows no trace of platinum. FePc functionalized 

CNFs  were removed from the Cu wires and transferred to glass slides for analysis. Two 

different spots on the sample was examined and shown as separate curves in the figure. 
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