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A well-defined porous carbon structure with tunable parameters in different length scales 

can provide a platform for systematic study of transport and confinement effects on 

electrochemical conversion. For example, the carbon structure with tunable hierarchical 

porosity composed of a hollow core within a mesoporous shell (HCMS) is used to 

investigate transport limitations in electrochemical capacitance [1, 2]. Recently, we 

synthesized the same HCMS carbon structure with doping of nitrogen and iron and 

investigated the electrocatalytic activity for oxygen reduction in acid medium [3]. As 

shown in Fig. 1, the electrocatalyst has a mesoporous shell of 50 nm thick around a 

hollow core of 350 nm. The pores have uniform diameter of 8 nm. The synthesis follows 

the procedure described in [1] and the introduction of iron nitrate and ethylene diamine as 

nitrogen and iron precursors [3, 4].  

Despite having no precious metals, the Fe-N-HCMS electrocatalyst displays excellent 

performance for oxygen reduction reaction. The better mass transport of the HCMS 

structure leads to higher diffusion limitation currents compared to other carbon structures. 

The Fe-N doped HCMS catalyst also performs better at high current than a similar 

HCMS carbon with Pt nanoparticles but no Fe-N doping. This is attributed to uniformly 

distributed activity of Fe-N doped carbon as opposed to localized activity Pt 

nanoparticles which is vulnerable to diffusion limitation. Furthermore, Fe-N/HCMS 

carbon electrocatalyst is inactive towards methanol oxidation, thus rendering it ideal for 

methanol tolerant oxygen reduction. As shown in Fig. 2, platinum containing 

electrocatalysts has an overall anodic current between above 0.6 V/RHE due to methanol 

oxidation, whereas Fe-N-HCMS carbon is insensitive to presence of methanol. The Fe-N-

HCMS electrocatalyst also display good durability in accelerated degradation tests 

(ADTs) of over 1000 cycles of voltage scan between 0.6 and 1.0 V/RHE. Under the same 

ADTs, Pt containing electrocatalysts all show large increase in overpotential at the end of 

1000 cycles.  
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