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Fig. 1 Schematic illustrations for the operation mechanism of the conventional water electrolysis (A) and the decoupled water elec-

trolysis based on battery electrode (B)
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Fig. 2 The cyclic voltammogram (CV) curve (left) of the Ni-
(OH), electrode at a scan rate of 5 mV -s” for HER
and the linear sweep voltammetric (LSV) data (right)
of the commercial electrodes (Pt-coated Ti-mesh,
RuO,-coated Ti-mesh) at a scan rate of 5 mV -s™ for
OER™
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Fig. 3 Schematic illustration of the decoupled hydrogen pro-
duction in alkaline water electrolysis using Ni(OH),

as a redox mediator®®
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Fig. 4 Performances of the two-step alkaline water electrol-

ysis. (A) Chronopotentiometric curves (cell voltage
versus time) of the cell at a constantly applied current
of 200 mA, where the voltages for H, production
(Step 1) and O, production (Step 2) are labelled by the
blue and black lines, respectively. Chronopotentio-
metric data (potential versus time) of the HER elec-
trode (pink line), Ni(OH), electrode (green line) and
OER electrode (red line) are provided. (B, C) Pho-
tographs of the H,/O, generation in Steps 1 and 2. (D)
Chronopotentiometric curves (cell voltage versus
time) of the HyO, generation cycle with an applied
current of 200 mA and a step time of 600 s>
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Fig. 5 (A) In situ differential electrochemical mass spectrometric (DEMS) curves of the H, evolution (black line) and O, evolu-

tion (red line) in the total water electrolysis process at a constantly applied current of 200 mA. (B) The chronopotentio-

metric curve (cell voltage versus time) of the electrolytic cell corresponds to the in situ DEMS test with two steps. (C) A

typical apparatus configuration to determine the evolution of the H, volumes measured with an applied current of 1000

mA for 100 s. (D) The chronopotentiometric curve (cell voltage versus time) of the electrolytic cell corresponds to the

H,-production volume test with an applied current of 1000 mA for 100 s
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schild” group) ¥
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Fig. 7 A. Schematic illustrations of the charge/discharge process of polytriphenylamine (PTPAn); B. CV curve of the PTPAn

electrode at a scan rate of 5 mV -s” and the linear sweep voltammetric (LSV) data of the commercial electrodes (Pt-coated

Ti-mesh, RuO,-coated Ti-mesh) at a scan rate of 5 mV s for HER and OER™!
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Fig. 8 A schematic illustration of the decoupled hydrogen production in acidic water electrolysis using PTPAn as a redox media-

tor™!
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Fig. 9 Photographs showing (A) HER and (B) OER of the PV-water electrolysis under natural sunshine®!
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Fig. 10 Linear sweep voltammetric (LSV) data of Na,,MnO,

in 1 mol L' NaOH (red line) and saturate NaCl solu-
tion (blue line) at a scan rate of 2 mV-s™. LSV data
of the commercial Pt-coated Ti-mesh electrode for
HER at a sweep rate of 2 mV +s' in 1 mol -L"!
NaOH solution (green line) and commercial RuO,/
IrO,-coated Ti-mesh electrode at a sweep rate of 2
mV -s” for CER in saturated NaCl solution (black

line) are also included™
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Fig. 11 Schematic illustration of the decoupled chlor-alkali electrolysis for hydrogen production using Na,,,MnO, electrode as a

redox mediator®
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The New Application of Battery-Electrode Reaction:
Decoupled Hydrogen Production in Water Electrolysis

MA Yuan-yuan, GUO Zhao-wei, WANG Yong-gang’, XIA Yong-yao
(Department of Chemistry, Shanghai Key Laboratory of Molecular Catalysis and Innovative Materials,
iChEM (Collaborative Innovation Center of Chemistry for Energy Materials),

Fudan University, Shanghai 200433, China)

Abstract: Hydrogen has been considered as a promising alternative to unsustainable fossil fuels because of its high calorific
value, clean and abundant resources. Water electrolysis combined with renewable energy is regarded as the best way for hydrogen
production, which will become the foundation of future hydrogen economy. For the past few years, many efforts have been em-
ployed to develop the cheap and high-performance catalyst for hydrogen evolution reaction and oxygen evolution reaction. Howev-
er, the coupled hydrogen and oxygen evolution and the use of the expensive membrane have greatly restricted the flexibility of the
conventional water electrolysis, and hindered the utilization of renewable energy. Recently, our group has introduced the bat-
tery-electrode as a solid-state redox mediator to separate the hydrogen and oxygen productions during water electrolysis in space
and time, providing a flexible and membrane-free architecture for water splitting. This decoupled architecture also facilitates the
conversion of renewable energy to hydrogen. This review highlights the research progresses, and analyzes the advantages and chal-

lenges to this new architecture.

Key words: battery-electrode; water electrolysis; decoupled; renewable energy





