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Electrocatalytic synthesis of ammonia from nitrite over Fe-N-C
single-atom catalyst
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Abstract : [Objective] The synthesis of ammonia under electrochemical mild conditions is considered a promising alternative to the
conventional Haber-Bosch method. However, the reduction of nitrite, an important nitrogen-containing precursor, to ammonia has
rarely been reported in the field of single-atom catalysis. To expand research in this field, this study developed a new system for the
reduction of nitrite to ammonia catalyzed by iron-nitrogen-carbon (Fe-N-C) single-atom catalyst. [ Methods] The Fe-N-C single-atom
catalyst was synthesized using a pyrolysis-etching strategy with silica as a hard template, 2, 6-diaminopyridine as a carbon-nitrogen
precursor,and ferric nitrate as a metal salt. The synthesized catalyst was further analyzed using X-ray diffraction (XRD) , scanning
transmission electron microscopy (STEM), and high angular annular dark-field (HAADF)-STEM to determine the metal center
dispersion. Moreover, the microscopic coordination environment of the iron center was determined using X-ray photoelectron
spectroscopy ( XPS) and X-ray absorption spectroscopy (XAS). The Fe-N-C single-atom catalyst was then used for the
electrocatalytic synthesis of ammonia from nitrites. To prepare the Fe-N-C catalyst,3 mL 40% (by mass) silica solution was mixed
with 400 mL ultrapure water. Then,5. 45 g 2,6-diaminopyridine was added and stirred at room temperature for 30 min. The mixture

was then placed in an ice bath for 30 min, after which 1 g sodium hydroxide was added, and stirring continued for another 30 min.
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Next,17. 13 g ammonium persulfate was dissolved in 100 mL ultrapure water by stirring until the solids were completely dissolved.
The ammonium persulfate solution was added to the above mixture at once, stirred rapidly for 8 min,and then stirred at normal rate
in an ice bath for 12 h. The resulting mixture was extracted and filtered under reduced pressure, with a large amount of water until
the filtrate was neutral,and was placed in an oven at 80 “C for sufficient drying to obtain a nitrogen-carbon coated silica polymer,
noted as Si0; @PDAP-3 ml.. Next,an appropriate amount of nine hydrated iron nitrate powder was dissolved in 100 mlL. anhydrous
ethanol with thorough stirring. Then, 1 g of SiO, @PDAP-3 ml. was added,and the mixture was subjected to ultrasonic dispersion for
30 min, followed by stirring at room temperature for 4 h. The mixture was treated with a large amount of water for decompression
filtration,and dried in an oven at 80 “C. The dried powder was placed in a tube furnace and heated up to 800 °C for 2 h under argon
atmosphere at a heating rate of 5 °C/min, followed by room temperature etching with 4% (by mass) HF to finally obtain the Fe-N-C
catalyst. [Results] The results of various structural characterizations showed that Fe species on the surface of Fe-N-C catalyst were
highly dispersed,and HAADF-STEM clearly confirmed that Fe species existed in the form of single atoms. In addition, the chemical
environment of Fe species was mainly mixed with +2 and + 3 valence states, stabilized through coordination with four pyridine
nitrogen. This indicates that the metal-center micro coordination environment of Fe-N-C catalyst was an Fe-N, structure. The nitrite
reduction test results showed that the Fe-N-C catalyst prepared in this study possessed excellent nitrite reduction performance.
Compared with pure nitrogen carbon (N-C) carrier, it not only exhibited higher initial reduction potential [0 V vs reversible hydrogen
electrode (RHE) ], but also achieved near 100% ammonia Faradaic efficiency in the potential interval of —0.2-—0.6 V vs RHE,
reaching a maximum ammonia yield of 8. 4 mg/(h « cm®) at —1.0 V vs RHE. Further cyclic stability tests showed that the Fe-N-C
catalyst had excellent catalytic stability, with minimal decay in Faraday efficiency and ammonia yield during 20 consecutive catalytic
cycle tests. [ Conclusion] The Fe-N-C single atom catalyst prepared in this study exhibits excellent electrocatalytic activity for the
reduction of nitrite to ammonia. Its high activity may be attributed to the significant adsorption of NO, ~ , which further promotes the
participation of active hydrogen in the deoxygenation and hydrogenation process. The Fe-N-C single-atom catalytic nitrite reduction
system presented in this study provides valuable guidance for the future design of active centers for ammonia synthesis.
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Fig. 1 Structural characterizations of N-C carrier and Fe-N-C catalyst
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Fig. 2 The electron microscopy characterizations of Fe-N-C catalyst
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Fig. 3 XPS and XAS spectra of Fe-N-C catalyst
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