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Abstract : This review systematically explores the potential and structural advantages of metal—
organic frameworks (MOFs) and MOF-derived electrocatalysts in the electrochemical CO-
reduction reaction (CO:RR). MOFs provide high surface area, tunable metal sites, and flexible
structural motifs that enable the selective conversion of CO: to valuable products such as CO,
formate, and multicarbon compounds. Focusing on three recent representative studies, this work
analyzes: (1) MOF-based structural strategies for active site design, (2) Ni nanoparticles embed-
ded in nitrogen-doped carbon matrices derived from MOFs, and (3) Sb-doped Bi-based cata-
lysts with enhanced formate selectivity. These studies demonstrate how metal doping,
intermediate stabilization, and electronic structure modulation contribute to performance opti-
mization and durability. By comparing these approaches, this review outlines the key principles
in MOF-derived catalyst design and highlights promising future directions toward scalable,
high-efficiency CO:2RR electrocatalysts.

Keywords : Metal-organic frameworks (MOFs), CO, electroreduction, electrocatalysts, structure—
performance correlation, doping effect
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2.1. Cu-free MOF-Derived Electrocatalyst Frameworks:
Design Strategies and Reaction Mechanisms
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Fig. 1. Reaction pathways of CO, conversion products and stabilization mechanisms of reaction intermediates. Reprinted

with permission. Copyright 2024 John Wiley and Sons.'®
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Fig. 2. (a) Chronoamperometric evaluation of Ni-MOF@NC to assess durability at -1.0 V versus RHE. (b) Faradaic
efficiency for CO production of Ni-MOF@NC compared with Ni-MOF-C in 3 M KOH solution. (c¢) Illustrative
representation of the synthetic route and structure of the Ni-MOF@NC hybrid material. Reprinted with permission.
Copyright 2024 American Chemical Society.'”
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2.3. Sb-Doped Bi-Based MOF-Derived Catalysts
for Enhanced Formate Production
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Fig. 3. CO, electroreduction behavior of SbX/Bi@C catalyst: (a) Selectivity toward formic acid over SbX/Bi@C, (b)
Linear sweep voltammetry (LSV) profiles of Bi@C and Sb, s/Bi@C under N, and CO; environments, (c) Electrochemical
double-layer capacitance derived from CV measurements at various scan rates, (d) Electrochemical impedance
spectroscopy (EIS) spectra of SbX/Bi@C, (e) Schematic illustration of Bi@C performance degradation and its mitigation

via minor Sb incorporation. Reprinted with permission. Copyright 2024 Elsevier
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