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Construction of Cobalt/Nitrogen/Carbon Electrocatalysts with Highly
Exposed Active Sites for Oxygen Reduction Reaction
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(Key Laboratory of Mesoscopic Chemistry of MOE, School of Chemistry and Chemical Engineering, Nanjing University,
Nanjing 210023, China)

Abstract The ever-growing crises of fossil fuel shortage and environmental pollution urgently call for the exploration of
clean and renewable energies. Fuel cells present high power efficiency and emit zero pollutants, showing great potential in
the future energy system. The main bottleneck of fuel cell commercialization is the sluggish oxygen reduction reaction (ORR)
at the cathode. To date, the most active electrocatalysts for ORR are platinum and its alloys. However, the scarcity, high cost
and susceptibility to methanol crossover of precious metals hinder the large-scale application of fuel cells. The development
of highly efficient and stable non-precious metal ORR electrocatalysts with high resistance to methanol crossover is of great
significance. M/N/C (M=Fe, Co, etc.) catalysts are attractive non-precious metal based ORR electrocatalysts and their per-
formance depends on the density of active sites on the catalyst surface. The common synthesis of M/N/C catalysts is to pyro-
lyze the mixture of metal salt, nitrogen-containing precursor and carbon support. However, so-synthesized catalysts usually
contain large metal-based particles, leading to the shortcomings of low density and partial embedding of active sites. Gra-
phitic carbon nitride (g-C;Ny4) with high concentration of pyridine-like nitrogen in heptazine heterorings can provide abundant
and uniform nitrogen coordination sites, which can capture metal ions by the interaction between metal ions and N sites. In
addition, g-C5N4 would be decomposed largely during pyrolysis, which is beneficial to form highly exposed M/N/C active
sites by pyrolyzing the g-CsN, with adsorbed metal ions. Herein, we reported the construction of Co/N/C electrocatalysts
with highly exposed active sites. Specifically, the g-C;N4 was uniformly supported on the surface of high-conductive hierar-
chical carbon nanocages (hCNC) by the impregnation and pyrolysis process, leading to the formation of g-C;N4/hCNC com-
posite. Co®" ions were then captured by the g-C3N, species on the surface owing to the interaction between the lone pair
electrons of nitrogen and the Co®" ions, and the subsequent pyrolysis led to the Co/N/C catalysts with highly exposed active
sites, high conductivity and multiscale pore structure. The optimized catalyst obtained at 800 ‘C exhibits excellent ORR
performance in alkaline medium, with a high onset potential (0.97 V) comparable to commercial Pt/C catalyst, while much
better stability and high immunity to methanol crossover. This study demonstrates an effective strategy for the construction of
high-efficient M/N/C catalysts with highly exposed active sites.

Keywords cobalt/nitrogen/carbon; oxygen reduction electrocatalysts; highly exposed active sites; carbon nanocages; fuel
cell
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Figure 1 Schematic illustration of the preparation of Co/N/C catalysts. (A) Mixing hCNC with urea by impregnation, and formation of g-C;Ns/hCNC by
pyrolysis. (B) adsorption of Co>” ions and washing. (C) pyrolysis and formation of Co/N/C catalysts
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Figure 2 Morphologic and structural characterizations of intermediates. (a, b) (HR)TEM images of g-C;N4/hCNC. (c¢) XRD patterns. (d) XPS spectra of

hCNC, g-C;N»/hCNC and Co-g-C;No/hCNC.
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Figure 5 ORR performance of Co/N/C, hCNC and commercial Pt/C in 0.1 moleL "' KOH solution. (a) CV curves in N,-saturated (---) and O»-saturated
(—) electrolytes. (b) LSV curves. (¢) RRDE curves. (d) electron transfer number (1) and HO, yield vs potential. (e) stability tests. (f) methanol crossover
tests of Co/N/C-800 and Pt/C. 2% (V/V) methanol was added to the electrochemical cell at 1000 s as shown by the arrow.
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