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Enhancement of activity and versatility of carbonaceous electrocatalyst
containing atomically dispersed and orderly aligned metals
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Metal phthalocyanine derivatives with a substituent that imparted solubility

and enabled structure retention during carbonization process were synthesized and used as the
precursor of a carbon material with an ordered porous structure formed by self-assembly of Fe304
nanoparticles with the precursor and their removal after the carbonization. The Fe-N4 unit was
generated from Fe304 during the carbonization and retained after heat treatment at 800 , whereas
the local structure around the metal derived from the metal phthalocyanine derivative was disordered
at 800 . The catalytic activities for the oxygen reduction, hydrogen evolution, and C02 reduction
reaction were clearly determined by the metal species and associated with the heat-treatment
temperature, the pore size, and the local structure around the metal in the carbon material.
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