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ABSTRACT Developing state-of-the-art water electrolysis technologies to advance large-scale hydrogen production is an effective
way to ease the current energy crisis and environmental pollution. Conventional water electrolysis technology for hydrogen production
primarily includes two half-reactions: anodic oxygen and cathodic hydrogen evolution reactions. Compared with the two-electron
reaction process of the hydrogen evolution reaction, the oxygen evolution reaction involves a four-electron transfer, which has slow
reaction kinetics, high overpotential, and low-added-value product of O, and the generation of active oxygen species easily degrades the
diaphragm, leading to the overall high energy consumption and low economic benefits, restricting its large-scale application. The
development of highly efficient electrocatalysts for oxygen evolution reactions can considerably enhance hydrogen production efficiency
for electrochemical water splitting. Although noble metal-based catalytic materials have high activity, they have poor stability and are
expensive and scarce, preventing them from being extensively used. Efforts have been made to design cheap, high-activity, and robust
stability nonprecious metal-based electrocatalysts to enhance the catalytic performance of the oxygen evolution reaction. Recently,
several nonprecious metal catalysts with outstanding catalytic performance for the oxygen evolution reaction comparable with precious

metal materials have been prepared; however, the existing water electrolysis technology for hydrogen production still faces some issues.
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It requires a high anode potential (>1.5 V vs RHE) to drive the oxygen evolution reaction, and the O, produced at the anode is not only
of low value but also may crossmix with the H, produced at the cathode, resulting in severe safety risks. Moreover, reactive oxygen
species formed during the oxygen evolution reaction process can reduce the service life of ion-exchange membranes in electrolysis
devices. These issues can be mildly addressed by designing and building anodic alternative reactions for the oxygen evolution reaction.
For example, replacing the oxygen evolution reaction by the oxidation of hydrazine, urea, ammonia, alcohol, aldehydes, and other
chemicals with a low energy barrier via the reaction design can reduce the energy consumption of the water electrolysis process and
produce high-value-added oxidation products, exhibiting crucial economic benefits. This review summarizes recent advances in the
sacrificial agent oxidation and electrochemical synthesis reactions in replacing the oxygen evolution reaction and classifies these two
types of replacement reactions. The corresponding oxidation mechanism, suitable nonnoble metal-based catalysts, and corresponding
optimization strategies are discussed. In addition, possible challenges and future directions for the development of energy-saving hybrid
water electrolysis systems driven by high-performance catalysts are outlined.

KEY WORDS water electrolysis for hydrogen production; oxygen evolution substitution reaction; sacrificial agent oxidation reaction;

electrochemical synthesis reaction; catalysts
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Fig.1 (a) OER substitution reactions in the alkaline system; (b) OER substitution reactions in the acidic system
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Fig.3 (a) Schematic of the mechanism of urea oxidation on Ni(OH),; (b) in 5 mol-L™' KOH solution, measured the situ SER spectra of Ni(OH), surface

at different potentials; (c) in 1 mol-L™" urea + 5 mol-L™" KOH solution, measured the situ SER spectra of Ni(OH), surface at different potentials; (d) at the

open circuit potential, with 60 s interval, measured the situ SER spectra of Ni(OH), surface in 5 mol-L™' KOH solution.; () at the open circuit potential,
with 60 s interval, measured the situ SER spectra of Ni(OH), surface in 1 mol-L™" urea + 5 mol-L™' KOH solution**)
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Fig.4  (a)Preparation of the electrocatalysts and (b) SEM images; (¢) OER and UOR performance tests; (d) comparison of full water-splitting
performance in different electrolytes (AE is the cell voltage difference); (e) stability test of UOR-assisted full water-splitting of NiCoP!**)
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Fig.5 (a) Preparation process, (b) UV photoelectron spectroscopy analysis (E, represents the work function, %, V, E; and E s are Planck constant,

incident light frequency, high kinetic energy starting edge and low energy cutoff edge); (c) the Schottky contact energy band plot (E, is the electronic

critical excitation energy, and E, is the vacuum energy level, @,, is the maximum power value); (d) UOR mechanism diagram of CoMn/CoMn,0y;

(e) adsorption energies of different species on different electrode surfaces; (f) comparison of HER, UOR, and OER activities and (g) stability performance

of hybrid water electrolysis!’*
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Fig.6 (a) Preparation of Co(OH),@HOS nanosheets; (b) Double-layer capacitance tests of Co(OH),@HOS and a-Co(OH), catalysts (A; is the current
density difference); (c) Linear sweep voltammetry curves (LSV) of full water-splitting of various electrocatalysts; (d) cathodic H, yield; (e) Faraday

efficiency, and (f) corresponding stability performance of Co(OH),@HOS catalyst derived hybrid water electrolysis device ”*)
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Fig.7 (a) Reaction mechanism of glycerol oxidation. (b, ¢) SEM images of Ni-Mo—N (Inset picture is the diameter and thickness of the Ni-Mo—-N
nanoplates, b and T are average diameter and average thickness, respectively; (d) Anodic LSV curves and (e) Tafel slopes of Ni-Mo—-N in 1.0 mol-L™
KOH with and without glycerol (j is the current density); (f) long-term stability of Ni-Mo-N at 10 mA c¢m 2 (The inset shows the potential value and

potential percentage (ER) of glycerol oxidation before and after the long-term stability test); (g) Glycerol oxidation-assisted water splitting device; Faraday

efficiency of (h) H, production and (i) anode production of formate!
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Fig.12 (a, b) Comparison of the electrocatalytic performance of different catalysts; (c) concentration changes in glucose and its oxidation product over
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