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Abstract Nitrogen reduction reaction is an indispensable part of chemical production, and traditional Haber-Bosch process
has the problems of high energy consumption and serious CO, emission. Solar-driven photoelectrochemical synthesis of
ammonia has received much attention because it can be carried out under mild conditions. However, the yield of ammonia
and conversion efficiency are too low to be practical due to the high dissociation energy of the triply bonded nitrogen mole-
cule. The development of non-precious metal oxide catalysts for ammonia synthesis has the advantages of low commercial
cost, high selectivity, and strong operability, which may provide the possibility for commercialization in green ammonia syn-
thesis. In this work, we reported the synthesis of BiOCl-Fe,O;@TiO, mesoporous composite through a sol-gel method fol-
lowed by in-situ decomposition approach. The obtained composites were systematically characterized and utilized for photo-
electrochemical synthesis of ammonia. The results show that Fe,O; is strongly coupled with TiO, to produce a metal ox-
ide-semiconductor heterojunction, while BiOCI nanoparticles are uniformly distributed on the surfaces. Compared to pure
TiO,, the band gap of composite becomes remarkably narrowed. As a result, the visible light absorption is enhanced and the
utilization of photogenerated carriers is increased. In addition, BiOCI-Fe,O;@TiO, composite has plenty of Ti*" for improv-
ing the photoelectric migration efficiency. With the presence of BiOCI, the yield of ammonia is significantly increased.
Compared with pure TiO,, the ammonia yield of BiOCl-Fe,O;@TiO, is increased by 7 times, and its ammonia production
rate remains stable over 10 h test. Our work offers a new route for photoelectrocatalytic synthesis of green ammonia.
Keywords ammonia synthesis; photoelectrocatalyst; non-noble metal; valence band regulation; photogenerated carrier
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Figure 1 (A) X-ray diffraction patterns of the catalyst BFT and FT; (B) N, adsorption-desorption curve of catalyst BFT; (C) particle size distribution
diagram corresponding to catalyst BFT; (D) TEM image of a macropore on the BFT; (E) and (F) HRTEM image of a macropore on the BFT; (G) HRTEM

selected area and face scan energy spectrum of BFT
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Figure 2 (A) XPS spectra of FT and BFT; (B) Ti 2p high-resolution spectra of FT and BFT; (C) Fe 2p high-resolution spectra of FT and BFT; (D) Bi 4f
high-resolution spectra of BFT; (E) CI 2p high-resolution spectra of BFT; (F) O 1s high-resolution spectra of FT and BFT
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Figure 3 (A) UV-Vis absorption-concentration standard curve of 0.1 molsL™" Na,SO, solution; (B) the polarization curve of the catalyst BFT under dif-
ferent conditions; (C) ammonia production rate of photoelectrocatalysis under different contents TiO,, FT and BFT (—0.45 V vs. RHE); (D) ammonia
yield of BFT photocatalyst under different potentials
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Figure 5 (A) Schematic diagram of the PEC cell under 100 mWecm ? illumination in 0.1 molsL™" Na,SO,; (B) ultraviolet diffuse absorbance spectrum of
TiO, and BFT; (C) photoluminescence spectroscopy of TiO,, FT and BFT; (D) Mott-Schottky curves at 2 kHz of FT and BFT
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