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Abstract Hydrogen production through water electrolysis is a promising approach for achieving carbon neutrality, but the
sluggish kinetics of the oxygen evolution reaction (OER) at the anode remains a critical bottleneck limiting overall system
efficiency. NiFe layered double hydroxides (NiFe-LDHs), composed of brucite-like metal hydroxide layers with intercalated
anions, have emerged as one of the most active non-precious-metal catalysts for alkaline OER. In this review, we provide a
comprehensive overview of the crystal structure, growth mechanism, and structure-activity relationships of NiFe-LDHs for
the oxygen evolution reaction. The fundamental OER mechanism, including the adsorption evolution mechanism and lattice
oxygen mechanism, is first introduced. The layered crystal structure of LDHs, characterized by edge-sharing metal
hydroxide octahedra and interlayer anion intercalation, is then described in detail. The crystal growth mechanism of NiFe-
LDH, involving metal ion hydrolysis, nucleation, and preferential two-dimensional sheet growth, is discussed with emphasis
on the roles of synthesis parameters. The correlation between the structural characteristics of NiFe-LDH and OER activity
is examined, highlighting the critical role of Fe incorporation in modifying the electronic structure and forming active
NiOOH phases under operating conditions. Finally, various synthesis strategies — including co-precipitation, hydrothermal
synthesis, electrodeposition, and exfoliation — are systematically compared in terms of their effects on nanosheet thickness,
crystallinity, surface area, and electrocatalytic performance. This review aims to provide fundamental insights into the
structural design of NiFe-LDH-based catalysts for high-performance oxygen evolution electrocatalysis.

Key words Oxygen evolution reaction, NiFe layered double hydroxide, Crystal structure, Growth mechanism, Water
electrolysis
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Fig. 1. Schematic illustration of the oxygen evolution reaction

pathway and reaction intermediates (*OH, *O, *OOH) on tran-

sition metal oxide catalysts. Reproduced with permission from
Ref. [14].
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Fig. 2. Volcano relationship between adsorption energies of oxygen intermediates and catalytic activity for the oxygen evolution
reaction on transition metal oxides. Reproduced with permission from Ref. [12].
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Fig. 3. Hydrotalcite-like layered crystal structure schematic and interlayer anions and water molecules. Reproduced from Ref. [17]
under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License (CC BY-NC-ND 4.0).
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Fig. 10. TEM, AFM, and optical characterization of exfoliated single-layer NiFe-LDH nanosheets. Reproduced from Ref. [33] under
the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0).
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Fig. 11. Synthetic scheme for sub-3 nm ultrafine monolayer NiFe-LDH nanosheets. Reproduced with permission from [34].
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