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Single-atom catalyst Activity Faradaic efficiency/% Years
Cu SAs-0.1 CO, — CH, 68.50 2023
Cu/CeQ, CO, — CH, 67.00 2023
Ni-N;-C CO,—CO 99.37 2023
Co SA/HCNFs CO, — CO 91/92 2020
Ni-SA-BB/C CO; = CO 95.00 2023
Fe/N-C CO, - COOH 36.50 2018
Cu/p-Al,O5 SACs C05—C0 62.00 2021
TM-N, COy —1CHy = 2023
Cu SAs/TCNFs CO, — CH,;OH 44.00 2019
Cu/CuNC CO, — C,H;OH 55.00 2023
Mn-N, CO,— CO 94.50 2023
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Table 2 SACs for electrocatalytic water splitting
Single-atom catalyst Activity Potential /mV(1 mol-L”" KOH,10 mA-cm ) Y ears
Ru,/D-NiFe LDH HER 18 2021
Ru/CoFe-LDHs OER 198 2019
Pt,/(Co,Ni)(OH),/C HER 24 2023
Mo-Ru NSAs HER 16 2023
NiFelr,/Ni1 NW(@NSs OER 200 2020
Ir,/NFS OER 170 2022
NiSACoSA-N1,Co/CNT HER/OER 64/227 2022
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Cu@MoS, HER 136 2021
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Fig.2 (a) Schematic illustration of the preparation route for Ni-SA-BB/C; (b) Comparison of FE, at various potentials in H-cell
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Recent Research Progress of Metal Single-atom Catalysts in the

Electrocatalytic of Carbon Dioxide and Water Splitting

QIU Zhuo, YAO Li-hua’, YANG Zhi
(Yunnan Normal University, Kunming 650500, China)

Abstract: The development of new energy sources using electrocatalytic technologies 1s a new strategy that can

replace conventional energy sources, thus further addressing the massive use of fossil fuels and the associated

environmental problems. Thus searching for stable and efficient electrocatalyst 1s crucial for the diffusion of these

technologies. Single-atom catalysts (SACs) with distributed atomic active sites on a vector are novel materials in

the fiel

d of catalysis with promising applications and have now become a research niche in electrocatalysis. The

current review describes the general carriers, preparation methods of single-atom electrocatalyst, and their

advanced characterization methods 1n detail. The single-atom electrocatalysts for energy transformation anc
environmental protection (CO, reduction, water splitting) applications are also comprehensively summarizec
systematica

catalyst stuc

ly. We briefly describe the catalytic mechanism based on the recent progress of various single-atom

1es. And finally, in discussing the challenges and prospects for developing single-atom catalysts in the

direction of electrocatalysis, we expect to contribute to the synthesis, design and application of single-atom

electrocatalysts to facilitate better development in electrocatalytic energy conversion.

Key words: single atom catalyst; electrocatalyst; carbon dioxide; water splitting
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catalyst design. Zinc salts are inexpensive, low toxicity, and
highly stable metal salts with strong Lewis acidity. Nitrogen
heterocyclic carbene (NHC) ligands have unique physical and
chemical properties, and the NHC metal bonds formed are very
strong, preventing structural decomposition. There are currently
no reports on the use of azacarbene zinc complexes as single
component bifunctional catalysts for the conversion of CO; to
cyclic carbonates. A single component multifunctional NHC-
PDBI-ZnX, (X=ClI, Br, I) catalyst with CO; capture ability and
Lewis acid-base sites was obtained by grafting zinc halide onto

free nitrogen carbene compounds.
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High stability

Research Progress on Catalyzed Selective Oxidation of

Alcohols by Doped Porous Carbon Materials

LIU Wei, GAO Yong-le, JIANG Li-jia, DUAN Ting-ting,
HUANG Cai-yan, RONG Mei-zhu

J. Mol. Catal. (China) 2023, 37(6): 559—568.

Doped porous carbon materials are a green and efficient
catalyst, which is expected to replace traditional catalysts and

be applied to the selective oxidation of alcohol compounds. The
progress of selective oxidation of alcohol compounds by porous
carbon-doped materials were reviewed. The preparation
method, active site and catalytic mechanism are discussed. The
future development of doped porous carbon materials were
prospected.

Recent Research Progress of Metal Single-atom Catalysts in

the Electrocatalytic of Carbon Dioxide and Water Splitting
QIU Zhuo, YAO Li-hua, YANG Zhi

J. Mol. Catal. (China) 2023, 37(6): 569—586.

To accomplish the objective of “carbon neutrality”, two
strategies warrant thorough investigation and discourse: one
involves chemically converting excessive atmospheric CO; into
CO, CHg, or other hydrocarbon fuels and chemicals. While the
other entails exploring green, renewable, and clean energy
sources like hydrogen and solar power as effective substitutes
for conventional fossil fuels to curtail CO, emissions. In the
realm of clean energy and energy conversion, whether it
pertains to electrochemical CO, reduction of water cracking
reactions, the primary challenge lies in acquiring cost-effective
and highly active catalysts, which are 1mperative for
comprehensive research and innovation. However, due to
inherent limitations of catalysts themselves, low conversion
efficiency and inadequate catalytic activity have impeded the
advancement and widespread adoption of electrocatalysts.
Compared to nanoparticles, single-atom catalysts (SACs) are
highly favored by researchers due to their exceptional atom
utilization efficiency of nearly 100%, large specific surface
area, and uniform distribution of active sites. However, the
large-scale production of SACs still poses a significant

challenge. Therefore, research focuses on

successfully
developing cost-effective and stable metal-based SACs with
high loading using rational techniques. The synthesis strategy
employed during the preparation process plays a crucial role in
obtaining high-quality SACs, and addressing the issue of highly
loaded agglomerates remains an i1mportant task for future
Although

maximum atom utilization, this does not necessarily optimize

investigations. achieve

single-atom  catalysts
catalytic performance for a specific reaction type. Subclusters
smaller than 1 nm exhibit high atom utilization and strong
quantum effects. Further research in this direction will enhance
our understanding of structure activity relationships, benefiting

the entire catalysis community.




