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Oxygen reduction reaction (ORR) is pivotal in renewable energy technologies such as in fuel cells and met
air batteries. ORR is most fundamental and an important cathodic reaction of the electrochemical fuel cel
However, owing to its sluggish nature at the cathode side of proton exchange membrane fuel cell (PEMFC), the
is an urgent demand for a cost-e ective e cient catalyst with fast ORR kinetics. ough in practice, Pt-based

electrodes and N-doped carbon material shows promising ORR activity, the durability, cost and their preparatio
methods restricts their wide commercialization. To address this issue, we developed metal and nitrogen-free cark
nanotubes (CNTs) through simple and mild plasma treatment. Oxygen plasma treated CNTs were used as a mo
for comparative study of oxygen reduction on single (SWCNT) and multi-walled nanotubes (MWCNT). Cold
oxygen plasma surface modi cation leads to chemical doping of oxygen functionalities intocdudep structure

of the CNTs, charge redistribution around the doped heteroatom oxygen that promotes ORR activity. e defect sites
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