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Figure 1 (Color online) Schematic lllustration of Advances in New Methods for Selective Control of Photocatalytic NO,

Reduction.
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Figure 2 (Color online) Comparative structural and chemical characterization of CuOx versus Cu20-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.@TNS!; (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.% CuOx@TNS ©J;

Reproduced with permission from Ref. [9]. Available under a CC-BY-NC-ND 4.0 license. Copyright 2023 Natl Acad Sciences. (e)
XRD patterns for Cuz0 stabilization?”); (f) High-resolved XPS results for the stabilized Cu20'°-TNS before and after Ar*
etching?”l. Reproduced with permission from Ref. [27]. Copyright 2024 Wiley-VCH.
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Figure 3 (Color online) Mechanistic investigations of photocatalytic systems for redox reaction (a) lllustration for the Ba-TNSov
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
NOs™ 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 SACU/TN/CIS SHPsB%; (f) The free
energy profiles of reducing NOs~ into NHs on Cu(111) and TasNs(110) surfaces®%); (g) electron spin resonance experiments of
*CO, % (h) S-scheme illustration of formation and charge transfer between SACuU/TN and CIS for NOs~ photoreduction(®3],

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[?*l; (b) Evolution of peak normalized intensities of *CO2?4; (c)
Evolution of peak normalized intensities of *R124l; Reproduced with permission from Ref. [24]. Copyright 2024 American Chemical
Society. (d) Dissolution of SOz and generation of SO3271%; (e) In situ EPR measurements for the production of DMPO-*OH by
H20 oxidation (up) and DMPO-*SOs* by SOs?~ oxidation (down)®%; (f) Quantified SOs?~ provision for NHs production’®%;
Reproduced with permission from Ref. [50]. Copyright 2023 American Chemical Society. (g) llustration for the synchronous
Cu20 NCs construction and NH3 photosynthesis in the realistic catalysis condition?”). Reproduced with permission from
Ref. [27]. Copyright 2024 Wiley-VCH.
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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: dongfan@uestc.edu.cn, jieyli@uestc.edu.cn

The photocatalytic reduction of NO, represents a compelling dual-purpose strategy that addresses both
environmental remediation and sustainable NH3 synthesis. Given the acute toxicity of NO, and the high
energy demand of the Haber-Bosch process, the development of efficient, low-energy photocatalytic
pathways for NO.-to-NH; conversion has garnered increasing attention. However, the intrinsic
complexity of the multi-electron transfer processes, the competing reaction pathways, and the facile
recombination of charge carriers collectively hinder the achievement of high selectivity and conversion
efficiency. These challenges necessitate the rational design of photocatalysts with engineered active
sites and well-coupled redox functionalities.

This review provides a comprehensive overview of recent advances in selectivity-oriented
photocatalytic NO, conversion, with a particular emphasis on enhancing NH; yield. Two primary
regulatory strategies are critically examined: (1) the rational construction of active sites and (2) the
synergistic coupling of oxidation and reduction half-reactions. In the first aspect, the role of transition
metal-based catalytic centers is discussed in the context of their electronic configurations, coordination
geometries, and interaction with NO, intermediates. Emphasis is placed on defect engineering
strategies, including the introduction of OVs, formation of dual-active sites, and dynamic restructuring
under reaction conditions. These structural modifications are shown to facilitate directional charge
separation, suppress recombination, and selectively drive the reduction of NO, to NH; over undesired
byproducts such as Nz, NO>~, or NO3~. Furthermore, spatially and functionally separated dual-site
systems are surveyed, wherein oxidative and reductive reactions are confined to distinct
microenvironments to promote unidirectional charge migration. Representative examples include Ba
single-atom sites that facilitate aldehyde oxidation and Ti**-rich regions that promote NOs~ reduction.

Such architectural designs exhibit enhanced NHj selectivity and quantum efficiency under visible light
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irradiation.

In the second aspect, the review highlights the regulatory influence of oxidation half-reactions on the
overall redox balance and selectivity of NO, reduction. The employment of various hole scavengers,
such as alcohols, aldehydes, and sulfur-containing compounds, not only accelerates photogenerated
hole consumption but also mediates the generation of reactive species that interact with NO,-derived
intermediates. These oxidation-induced effects shift the competition between NHs and N> formation,
offering a new dimension of selectivity control.

Beyond material design, this review also outlines future research directions in the selective
photocatalytic conversion of NO,. These include expanding the spectral absorption range via band
structure engineering and plasmonic coupling, improving catalyst robustness under realistic
atmospheric conditions, integrating photocatalytic modules into scalable flow systems, and leveraging
data-driven methodologies to guide catalyst discovery and reaction optimization. Equally important is
the implementation of advanced in situ and operando spectroscopies to elucidate dynamic changes in
active site structure and electronic states under working conditions.

Collectively, this review provides an in-depth framework for understanding and regulating product
selectivity in photocatalytic NO, conversion systems. By dissecting both mechanistic and
materials-level design principles, it offers valuable guidance for the development of next-generation
photocatalysts that enable clean nitrogen chemistry, mitigate NO. emissions, and contribute to

carbon-neutral ammonia production.

Keywords: Photocatalysis, Nitrogen oxides; Selectivity regulation; Active sites, Redox synergy
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