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We had studied the design of metal-free photocatalysts that generate ammonia

(NH3) from dinitrogen (N2) and water with high efficiency under visible light irradiation based on
the semiconductor graphitic carbon nitride powders. Through three years of research, we had prepared
the catalysts based on the following two strategies: (1) the construction of active N2 reduction
sites by introducing surface defects, and (2) the introduction of active oxidation sites of water by
doping the heteroatoms into the skeleton. We had found that the calcination of precursors with
phosphorus pentoxide (P205) as a phosphorus source produces the metal-free photocatalysts containing
high-concentration phosphorus atoms and surface nitrogen defects. These catalysts successfully
generated NH3 with the solar-to-chemical energy conversion efficiency being 0.16%, which is the
highest efficiency among the ever reported photocatalysts.
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