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Figure 1 (Color online) Schematic illustration of advances in new
methods for selective control of photocatalytic NO, reduction
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Bl 2 (MM A)CuO, 5 Cu, 04 MBI B TNSHIZE M 5 k24 240E. (a) 0.52wt.% CuO,@TNSHIJR 743 B4 HAADF—STEMEUE, i [&l: X RikL
AP (b) 0.52wt.% CuO,@TNSHYHAADF—STEML R EEY). (c) I8 (0 X IF LT3R 401 MR Cu 5 TSR 22 50 (d) S kS
0.52wt.% CuO,@TNSH{H B AEHEXAFSHEY!. Reproduced with permission from Ref. [9]. Copyright © 2023 National Academy of Sciences.
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Figure 2 (Color online) Comparative structural and chemical characterization of CuO,-versus Cu,O-modified (a) HAADF—STEM images of 0.52wt.%
CuO,@TNS, insets: the related particle size distribution™. (b) Magnified HAADF—STEM image of 0.52wt.% CuO,@TNSY.. (c) The extracted line
profiles along the orange area demonstrate the pronounced intensity difference between Cu and Til”. (d) Fourier transformed EXAFS spectra for the
reference materials and 0.52wt.% CuO,@TNS™. Reproduced with permission from Ref. [9]. Copyright © 2023 Natl Acad Sciences. (¢) XRD patterns
for Cu,O stabilization!. (f) High-resolution XPS results for the stabilized Cu,O'’-TNS before and after Ar" etching®'. Reproduced with permission

from Ref. [25]. Copyright © 2024 Wiley-VCH
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Figure 3 (Color online) Mechanistic investigations of photocatalytic systems for redox reaction. (a) Illustration for the Ba-TNSqoy photoredox
catalysis system''”’. (b) Calculated PDOS, insets: electronic localization function and charge difference distribution, the isosurface is set to
0.001 eV A™3, charge accumulation is marked in blue and charge depletion is marked in yellow!'"). (c) Kinetics of electrons in TA spectra under the
probe wavelengths of 760 nm''”. (d) Calculated Gibbs free energy diagram for NO;~ reduction and HCHO oxidation reaction mechanisms!'®.
Reproduced with permission from Ref. [10]. Copyright © 2023 American Association for the Advancement of Science. (e) The preparation process of
SACW/TN/CIS SHPs?*?. (f) The free energy profiles of reducing NO;~ into NH; on Cu(111) and TasNs(110) surfaces®”. (g) Electron spin resonance
experiments of ‘CO, *%). (h) S-scheme illustration of formation and charge transfer between SACu/TN and CIS for NO;~ photoreduction®. Reproduced
with permission from Ref. [35]. Copyright © 2023 Elsevier
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Figure 4 (Color online) Mechanistic investigations and performance characterization of photocatalytic systems. (a) Selectivity tests in NO3;~ with
other oxidative half-reaction processes™>"’. (b) Evolution of peak normalized intensities of CO, %, (c) Evolution of peak normalized intensities of RI**l.
Reproduced with permission from Ref. [24]. Copyright 2024 American Chemical Society. (d) Dissolution of SO, and generation of SO5>~™\. (e) In situ
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synchronous Cu,O NCs construction and NH; photosynthesis in the realistic catalysis condition'”. Reproduced with permission from Ref. [25].
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Strategies for selectivity regulation in photocatalytic reduction
of nitrogen oxides

Huimin Dan, Xin Li, Jieyuan Li" & Fan Dong’

Research Center for Carbon-Neutral Environmental & Energy Technology, Institute of Fundamental and Frontier Sciences, University of Electronic
Science and Technology of China, Chengdu 611731, China
* Corresponding authors, E-mail: jieyli@uestc.edu.cn; dongfan@uestc.edu.cn

The photocatalytic reduction of NO, offers a dual-purpose strategy for environmental remediation and sustainable NHj
synthesis. Emitted primarily from fossil fuel combustion, NO, contributes to air pollution and poses health risks. NHj
serves as a vital fertilizer precursor and carbon-neutral energy carrier, yet its conventional Haber-Bosch production is
energy-intensive and CO,-emitting. Solar-driven NO,-to-NHj; conversion under mild conditions thus presents an integrated
solution. However, efficient and selective NO, reduction faces challenges: complex multi-electron transfer pathways with
competing intermediates (e.g., N, and N,0), and rapid recombination of photogenerated charge carriers limiting electron
availability. Overcoming these requires photocatalysts with engineered active sites, optimized electronic structures, and
integrated oxidation-reduction functionalities to selectively steer the reaction towards NHj3 while minimizing the
generation of byproducts.

This review examines advances in selectivity-oriented photocatalytic NO, conversion, focusing on two core strategies.
(1) Rational active site design: transition metal centers (e.g., Cu) with tunable electronic configurations and coordination
geometries selectively adsorb and activate NO, intermediates. Defect engineering (oxygen vacancies, heteroatom doping)
and dual-active-site integration promote directional charge separation, suppress e -h' recombination, and favor multi-
electron reduction to NH; over N, NO, ™, or NO;~ formation. Spatially separated dual-site systems (e.g., Ba single atoms
for oxidation, Ti*"-rich regions for reduction) enable unidirectional charge migration, achieving high NHj; selectivity and
quantum efficiency. (2) Synergistic oxidation-reduction coupling: The oxidation half-reaction kinetics critically influence
overall efficiency and selectivity. Thermochemically favorable hole scavengers (e.g., alcohols, aldehydes, sulfur
compounds) accelerate h” consumption, improving charge separation and electron availability for NO, reduction. Beyond
balancing dynamics, oxidation intermediates can modulate reaction pathways, enhancing NH; selectivity.

Future challenges include ensuring catalyst stability under practical conditions (long-term operation, variable
environments), addressed via self-regenerating sites, protective coatings, and in-situ characterization. Enhancing solar
energy utilization (visible/NIR response) through band engineering, plasmonic effects, and photonic structures is crucial.
Achieving high selectivity in complex flue gas (containing SO,, VOCs) necessitates multifunctional active sites. Machine
learning-assisted catalyst screening and scalable modular photoreactor designs with intelligent control are vital for
industrial translation.

In summary, this review provides a framework for controlling selectivity in photocatalytic NO, conversion. Integrating
mechanistic understanding, materials design, process optimization, and system engineering guides the development of
efficient, durable, and scalable photocatalysts for sustainable nitrogen utilization.

photocatalysis, nitrogen oxides, selectivity regulation, active sites, redox synergy
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