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Abstract 
MXenes are under the spotlight due to their versatile physicochemical characteristics. Since their 
discovery in 2011, significant advancements have been achieved in their synthesis and application sectors. 
However, the spontaneous oxidation of MXenes, which is critical to its processing and product lifespan, 
has gotten less attention due to its chemical complexity and poorly understood oxidation mechanism. 
This perspective focuses on the oxidation stability of MXenes and addresses the most recent 
advancements in understanding and the possible countermeasures to limit the spontaneous oxidation of 
MXenes. A section is dedicated to the presently accessible methods for monitoring oxidation, with a 
discussion on the debatable oxidation mechanism and coherently operating factors that contribute to the 
complexity of MXenes oxidation. The current potential solutions for mitigating MXenes oxidation and the 
existing challenges are also discussed with prospects to prolong MXene's shelf-life storage and expand 
their application scope. 
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Abstract 
Hydrogen represents a clean and sustainable energy source with wide applications in fuel cells and 
hydrogen energy storage systems. Photocatalytic strategies emerge as a green and promising solution for 
hydrogen production, which still reveals several critical challenges in enhancing the efficiency and stability 
and improving the whole value. This review systematically elaborates on various coupling approaches for 
photocatalytic hydrogen production, aiming to improve both efficiency and value through different 
oxidation half-reactions. Firstly, the fundamental mechanism is discussed for photocatalytic hydrogen 
production. Then, the advances, challenges, and opportunities are expanded for the coupling of 
photocatalytic hydrogen production, which focuses on the integration of value-added reactions including 
O2 production, H2O2 production, biomass conversion, alcohol oxidation, and pollutants treatment. 
Finally, the challenges and outlook of photocatalytic H2 production technology are analyzed from the 
aspects of coupling hydrogen production value, photocatalyst design and reaction system construction. 
This work presents a holistic view of the field, emphasizing the synergistic benefits of coupled reactions 
and their practical application potential, rather than focusing on catalysts or single reaction systems. This 
review provides valuable references for the development and application of photocatalytic hydrogen 
production in energy conversion and environmental conservation through sustainable, eco-friendly and 
economic pathways. 
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Abstract 
Stable, nonprecious catalysts are vital for large-scale alkaline water electrolysis. Here, we report a grafted 
superstructure, MOF@POM, formed by self-assembling a metal-organic framework (MOF) with 
polyoxometalate (POM). In situ electrochemical transformation converts MOF into active metal 
(oxy)hydroxides to produce a catalyst with a low overpotential of 178 millivolts at 10 milliamperes per 
square centimeter in alkaline electrolyte. An anion exchange membrane water electrolyzer incorporating 
this catalyst achieves 3 amperes per square centimeter at 1.78 volts at 80 degrees C and stable operation 
at 2 amperes per square centimeter for 5140 hours at room temperature. In situ electrochemical 
spectroscopy and theoretical studies reveal that the synergistic interactions between metal atoms create 
a fast electron-transfer channel from catalytic iron and cobalt sites, nickel, and tungsten in the 
polyoxometalate to the electrode, stabilizing the metal sites and preventing dissolution. 
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Abstract 
Carbonaceous materials have attracted extensive research and application interests in water treatment 
owing to their advantageous structural and physicochemical properties. Despite the significant interest 
and ongoing debates on the mechanisms through which carbonaceous materials facilitate advanced 
oxidation processes (AOPs), a systematic summary of carbon materials across all dimensions (0D-3D 
nanocarbon to bulk carbon) in various AOP systems remains absent. Addressing this gap, the current 
review presents a comprehensive analysis of various carbon/oxidant systems, exploring carbon quantum 
dots (0D), nanodiamonds (0D), carbon nanotubes (1D), graphene derivatives (2D), nanoporous carbon 
(3D), and biochar (bulk 3D), across different oxidant systems: persulfates 
(peroxymonosulfate/peroxydisulfate), ozone, hydrogen peroxide, and high-valent metals (Mn(vii)/Fe(vi)). 
Our discussion is anchored on the identification of active sites and elucidation of catalytic mechanisms, 
spanning both radical and nonradical pathways. By dissecting catalysis-related factors such as sp2/sp3 C, 
defects, and surface functional groups that include heteroatoms and oxygen groups in different carbon 
configurations, this review aims to provide a holistic understanding of the catalytic nature of different 
dimensional carbonaceous materials in AOPs. Furthermore, we address current challenges and 
underscore the potential for optimizing and innovating water treatment methodologies through the 
strategic application of carbon-based catalysts. Finally, prospects for future investigations and the 
associated bottlenecks are proposed. 
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Abstract 
Fossil fuel-driven thermochemical hydrogenation and oxidation using high-pressure H2 and O2 are still 
popular but energy-intensive CO2-emitting processes. At present, developing renewable energy-powered 
electrochemical technologies, especially those using clean, safe and easy-to-handle reducing agents and 
oxidants for organic hydrogenation and oxidation reactions, is urgently needed. Water is an ideal carrier 
of hydrogen and oxygen. Electrochemistry provides a powerful route to drive water splitting under 
ambient conditions. Thus, electrochemical hydrogenation and oxidation transformations involving water 
as the hydrogen source and oxidant, respectively, have been developed to be mild and efficient tools to 
synthesize organic hydrogenated and oxidized products. In this Review, we highlight the advances in 
water-participating electrochemical hydrogenation and oxidation reactions of representative organic 
molecules. Typical electrode materials, performance metrics and key characterization techniques are 
firstly introduced. General electrocatalyst design principles and controlling the microenvironment for 
promoting hydrogenation and oxygenation reactions involving water are summarized. Furthermore, 
paired hydrogenation and oxidation reactions are briefly introduced before finally discussing the 
challenges and future opportunities of this research field. 
The use of water for electrochemical hydrogenation and oxidation of organic species provides a 
sustainable route for synthesizing chemicals. The electrode types, general electrocatalyst selection 
principles and interface microenvironment control are elucidated, conducive to designing efficient 
electrocatalysts and reaction systems. 
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Abstract 
The advancement of acid-stable oxygen evolution reaction (OER) electrocatalysts is crucial for efficient 
hydrogen production through proton exchange membrane (PEM) water electrolysis. Unfortunately, the 
activity of electrocatalysts is constrained by a linear scaling relationship in the adsorbed evolution 
mechanism, while the lattice-oxygen-mediated mechanism undermines stability. Here, we propose a 
heterogeneous dual-site oxide pathway mechanism (OPM) that avoids these limitations through direct 
dioxygen radical coupling. A combination of Lewis acid (Cr) and Ru to form solid solution oxides (Cr x Ru1-
x O2) promotes OH adsorption and shortens the dual-site distance, which facilitates the formation of *O 
radical and promotes the coupling of dioxygen radical, thereby altering the OER mechanism to a Cr-Ru 
dual-site OPM. The Cr0.6Ru0.4O2 catalyst demonstrates a lower overpotential than that of RuO2 and 
maintains stable operation for over 350 h in a PEM water electrolyzer at 300 mA cm-2. This mechanism 
regulation strategy paves the way for an optimal catalytic pathway, essential for large-scale green 
hydrogen production. 
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Abstract 
Electrocatalytic water splitting driven by sustainable energy is a clean and promising water-chemical fuel 
conversion technology for the production of high-purity green hydrogen. However, the sluggish kinetics 
of anodic oxygen evolution reaction (OER) pose challenges for large-scale hydrogen production, limiting 
its efficiency and safety. Recently, the anodic OER has been replaced by a nucleophilic oxidation reaction 
(NOR) with biomass as the substrate and coupled with a hydrogen evolution reaction (HER), which has 
attracted great interest. Anode NOR offers faster kinetics, generates high-value products, and reduces 
energy consumption. By coupling NOR with hydrogen evolution reaction, hydrogen production efficiency 
can be enhanced while yielding high-value oxidation products or degrading pollutants. Therefore, NOR-
coupled HER hydrogen production is another new green electrolytic hydrogen production strategy after 
electrolytic water hydrogen production, which is of great significance for realizing sustainable energy 
development and global decarbonization. This review explores the potential of nucleophilic oxidation 
reactions as an alternative to OER and delves into NOR mechanisms, guiding future research in NOR-
coupled hydrogen production. It assesses different NOR-coupled production methods, analyzing reaction 
pathways and catalyst effects. Furthermore, it evaluates the role of electrolyzers in industrialized NOR-
coupled hydrogen production and discusses future prospects and challenges. This comprehensive review 
aims to advance efficient and economical large-scale hydrogen production. 
Nucleophilic oxidation (NOR) has great potential as an alternative to OER. NOR offers faster kinetics, 
generates high-value products, and reduces energy consumption. By coupling NOR with hydrogen 
evolution reaction, hydrogen production efficiency can be enhanced while yielding valuable by-products 
or degrading pollutants. Focusing on the reaction mechanisms and reaction paths of different NORs in 
anodic oxidation reactions. The review is intended to provide theoretical guidance for future research on 
NOR-coupled HER hydrogen production. image 
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Abstract 
The water oxidation reaction, a crucial process for solar energy conversion, has garnered significant 
research attention. Achieving efficient energy conversion requires the development of cost-effective and 
durable water oxidation catalysts. To design effective catalysts, it is essential to have a fundamental 
understanding of the reaction mechanisms. This review presents a comprehensive overview of recent 
advancements in the understanding of the mechanisms of water oxidation using transition metal-based 
heterogeneous electrocatalysts, including Mn, Fe, Co, Ni, and Cu-based catalysts. It highlights the catalytic 
mechanisms of different transition metals and emphasizes the importance of monitoring of key 
intermediates to explore the reaction pathway. In addition, advanced techniques for physical 
characterization of water oxidation intermediates are also introduced, for the purpose of providing 
information for establishing reliable methodologies in water oxidation research. The study of transition 
metal-based water oxidation electrocatalysts is instrumental in providing novel insights into 
understanding both natural and artificial energy conversion processes. 
The oxygen evolution reaction (OER) mechanisms using transition metal-based electrocatalysts are 
instrumental in providing novel insights into both natural and artificial energy conversion processes. 
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Abstract 
Direct seawater electrolysis at ampere-level current densities, powered by coastal/offshore renewables, 
is an attractive avenue for sustainable hydrogen production but is undermined by chloride-induced anode 
degradation. Here we demonstrate the use of hexafluorophosphate (PF6-) as an electrolyte additive to 
overcome this limitation, achieving prolonged operation for over 5,000 hours at 1 A cm-2 and 2300 hours 
at 2 A cm-2 using NiFe layered double hydroxide (LDH) as anode. Together with the experimental findings, 
PF6- can intercalate into LDH interlayers and adsorb onto the electrode surface under an applied electric 
field, blocking Cl- and stabilizing Fe to prevent segregation. The constant-potential molecular dynamics 
simulations further reveal the accumulation of high surface concentrations of PF6- on the electrode 
surface that can effectively exclude Cl-, mitigating corrosion. Our work showcases synchronous interlayer 
and surface engineering by single non-oxygen anion species to enable Cl- rejection and marks a crucial 
step forward in seawater electrolysis. 
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Abstract 
The local acidity at the anode surface during electrolysis is apparently stronger than that in bulk electrolyte 
due to the deprotonation from the reactant, which leads to the deteriorated electrocatalytic 
performances and product distributions. Here, an anode-electrolyte interfacial acidity regulation strategy 
has been proposed to inhibit local acidification at the surface of anode and enhance the electrocatalytic 
activity and selectivity of anodic reactions. As a proof of the concept, CeO2-x Lewis acid component has 
been employed as a supporter to load Au nanoparticles to accelerate the diffusion and enrichment of OH- 
toward the anode surface, so as to accelerate the electrocatalytic alcohol oxidation reaction. As the result, 
Au/CeO2-x exhibits much enhanced lactic acid selectivity of 81 % and electrochemical activity of 693 mA 
& sdot;cm-2 current density in glycerol oxidation reaction compared to pure Au. Mechanism investigation 
reveals that the introduced Lewis acid promotes the mass transport and concentration of OH- on the 
anode surface, thus promoting the generation of lactic acid through the simultaneous enhancements of 
Faradaic and non-Faradaic processes. Attractively, the proposed strategy can be used for the electro-
oxidation performance enhancements of a variety of alcohols, which thereby provides a new perspective 
for efficient alcohol electro-oxidations and the corresponding electrocatalyst design. 
CeO2-x Lewis acid component has been employed as a supporter to couple with active metal Au 
nanoparticles to accelerate the diffusion and enrichment of OH- toward the anode surface, which ensures 
the much enhanced electrochemical activity (current density of 693 mA & sdot;cm-2) and selectivity (81 
%) for lactic acid production, so as to accelerate the electrocatalytic oxidation of other alcohols. image 
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Abstract 
To meet the rigorous thermal protection demands of state-of-the-art aircraft and aerospace systems, it is 
essential to implement comprehensive thermal oxidation shielding for the components exposed to 
extreme high temperature. Silicon based ceramic coating technology is an efficient way to improve the 
oxidation resistance of thermal structural materials, such as ceramic matrix composites (CMCs) and 
carbon/carbon (C/C) composites. Unfortunately, coating cracking under thermomechanical loads results 
in poor oxidation protection of the composite substrates. Two important perspectives to avoid the coating 
cracking are reviewed, namely i) crack healing and ii) toughening of the coating. Such two strategies can 
heal and inhibit the cracking of silicon based ceramic coatings to improve the service life-time. The 
strategies for the material design are appropriate for the fabrication of advanced silicon based ceramic 
coatings intended for the upcoming generation thermal structural components. And the outlook 
development of silicon-based ceramic coating systems is also summarized. 
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Abstract 
Solar fuel synthesis is intriguing because solar energy is abundant and this method compensates for its 
intermittency. However, most photocatalysts can only absorb UV-to-visible light, while near-infrared (NIR) 
light remains unexploited. Surprisingly, the charge transfer between ZnO and CuInS2 quantum dots (QDs) 
can transform a NIR-inactive ZnO into a NIR-active composite. This strong response is attributed to the 
increased concentration of free charge carriers in the p-type semiconductor at the interface after the 
charge migration between ZnO and CuInS2, enhancing the localized surface plasmon resonance (LSPR) 
effect and the NIR response of CuInS2. As a paradigm, this ZnO/CuInS2 heterojunction is used for H2O2 
production coupled with glycerin oxidation and demonstrates supreme performance, corroborating the 
importance of NIR response and efficient charge transfer. Mechanistic studies through contact potential 
difference (CPD), Hall effect test, and finite element method (FEM) calculation allow for the direct 
correlation between the NIR response and charge transfer. This approach bypasses the general light 
response issues, thereby stepping forward to the ambitious goal of harnessing the entire solar spectrum. 
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Abstract 
Water electrolysis using proton exchange membrane technology offers an ideal process for green 
hydrogen production, but widespread deployment is inhibited by insufficient catalyst activity, stability and 
affordability. Iridium-based oxides provide the best overall performance for acidic water oxidation, the 
limiting reaction for this process, but further improvements are impeded by poor understanding of the 
restructured active catalyst surface that forms under reaction conditions. Here we present a combination 
of X-ray and electron scattering data that reveals direct evidence for three paracrystalline structural motifs 
at the restructured surfaces of highly active catalysts (including rutile IrO2 and perovskite SrIrO3) that 
have previously been described as amorphous. These insights enable the design of a paracrystalline IrOx 
catalyst that is independent of the bulk crystalline support and maintains higher activity, longer stability 
and more effective use of iridium to promote the production of green hydrogen. 
Iridium-based oxides are the most active catalysts for acidic water oxidation, but a complete 
understanding of their surface reconstruction under operation remains elusive. Now three key 
paracrystalline structural motifs are identified on the seemingly amorphous reconstructed IrOx surface. 
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Abstract 
Seawater electrolysis has emerged as a viable solution for sustainable hydrogen production, leveraging 
areas abundant in renewable energy but deficient in freshwater. However, the complex composition of 
seawater presents substantial challenges, such as electrode corrosion and electrolyzer degradation, 
casting doubt on the viability of direct seawater electrolysis. A thorough review that summarizes the 
electrochemical challenges, innovative materials, and recent technological advancements in seawater 
electrolysis is essential yet remains absent. This review provides an in-depth examination of the current 
state of seawater electrolysis. It highlights the importance of innovative electrocatalysts, cutting-edge 
electrolyzer technologies, and the integration of hybrid anodic oxidation reactions in enhancing the 
efficiency of direct seawater electrolysis. Moreover, future directions to enhance the techno-economic 
viability of this promising field are outlined, aiming to pave the way for the efficient, cost-effective, and 
sustainable commercialization of direct seawater electrolysis technologies. 
This review focuses on the latest developments in direct seawater electrolysis, specifically in 
electrocatalysts, hybrid anodic oxidation, and electrolyzers, providing a glimpse into the future of 
environmentally friendly hydrogen generation. 
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Abstract 
The oxygen evolution reaction is known to be a kinetic bottleneck for water splitting. Triggering the lattice 
oxygen oxidation mechanism (LOM) can break the theoretical limit of the conventional adsorbate 
evolution mechanism and enhance the oxygen evolution reaction kinetics, yet the unsatisfied stability 
remains a grand challenge. Here, we report a high-entropy MnFeCoNiCu layered double hydroxide 
decorated with Au single atoms and O vacancies (Au-SA-MnFeCoNiCu LDH), which not only displays a low 
overpotential of 213 mV at 10 mA cm(-2) and high mass activity of 732.925 A g(-1) at 250 mV overpotential 
in 1.0 M KOH, but also delivers good stability with 700 h of continuous operation at similar to 100 mA cm(-
2). Combining the advanced spectroscopic techniques and density functional theory calculations, it is 
demonstrated that the synergistic interaction between the incorporated Au single atoms and O vacancies 
leads to an upshift in the O 2p band and weakens the metal-O bond, thus triggering the LOM, reducing 
the energy barrier, and boosting the intrinsic activity. 
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Abstract 
Ruthenium dioxide is presently the most active catalyst for the oxygen evolution reaction (OER) in acidic 
media but suffers from severe Ru dissolution resulting from the high covalency of Ru-O bonds triggering 
lattice oxygen oxidation. Here, we report an interstitial silicon-doping strategy to stabilize the highly active 
Ru sites of RuO2 while suppressing lattice oxygen oxidation. The representative Si-RuO2-0.1 catalyst 
exhibits high activity and stability in acid with a negligible degradation rate of similar to 52 mu V h(-1) in 
an 800 h test and an overpotential of 226 mV at 10 mA cm(-2). Differential electrochemical mass 
spectrometry (DEMS) results demonstrate that the lattice oxygen oxidation pathway of the Si-RuO2-0.1 
was suppressed by similar to 95% compared to that of commercial RuO2, which is highly responsible for 
the extraordinary stability. This work supplied a unique mentality to guide future developments on Ru-
based oxide catalysts' stability in an acidic environment. 
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Abstract 
Simultaneously activating metal and lattice oxygen sites to construct a compatible multi-mechanism 
catalysis is expected for the oxygen evolution reaction (OER) by providing highly available active sites and 
mediate catalytic activity/stability, but significant challenges remain. Herein, Fe and S dually modulated 
NiFe oxyhydroxide (R-NiFeOOH@SO4) is conceived by complete reconstruction of NiMoO4 center dot 
xH(2)O@Fe,S during OER, and achieves compatible adsorbate evolution mechanism and lattice oxygen 
oxidation mechanism with simultaneously optimized metal/oxygen sites, as substantiated by in situ 
spectroscopy/mass spectrometry and chemical probe. Further theoretical analyses reveal that Fe 
promotes the OER kinetics under adsorbate evolution mechanism, while S excites the lattice oxygen 
activity under lattice oxygen oxidation mechanism, featuring upshifted O 2p band centers, enlarged d-d 
Coulomb interaction, weakened metal-oxygen bond and optimized intermediate adsorption free energy. 
Benefiting from the compatible multi-mechanism, R-NiFeOOH@SO4 only requires overpotentials of 251 
+/- 5/291 +/- 1 mV to drive current densities of 100/500 mA cm(-2) in alkaline media, with robust stability 
for over 300 h. This work provides insights in understanding the OER mechanism to better design high-
performance OER catalysts. 
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Abstract 
Heterogeneous catalysts with highly dispersed active particles on supports often face stability challenges 
during high-temperature industrial applications. The ex-solution strategy, which involves in situ extrusion 
of metals to form socketed particles, shows potential for addressing this stability issue. However, a deeper 
understanding of the relationship between the socketed geometry of these partially embedded 
nanoparticles and their catalytic performance is still lacking. Here, in situ transmission electron 
microscopy and theoretical calculations are utilized to investigate the oxygen-induced ex-solution process 
of Pd-doped LaAlO3 with varying concentrations of La vacancies (LaxAl0.9Pd0.1O3-delta). We find that 
the socketed geometry of Pd-based particles can be tuned by manipulating the levels of La deficiencies in 
the oxide support, which in turn influences the catalytic performance in high-temperature oxidation 
reactions. As for the socketed particles, the balance between particle size and outcrop height is crucial for 
determining the oxidation activity and sinter-resistance behavior. Consequently, the optimized catalyst, 
La0.8Al0.9Pd0.1O3-delta, exhibits superior catalytic performances, particularly high stability (still working 
after aging at 1000 degrees C for 50 h) and water resistance in various combustion reactions (e.g., CH4 
oxidation and C3H8 oxidation). 
Nanoparticles with precisely controlled socketed geometries, created via an ex-solution method, present 
promising ways to improve the stability of heterogeneous catalysts. Here, the authors demonstrate that 
adjusting the level of La deficiencies in the oxide support allows tuning of the geometry of Pd-based 
particles, which in turn influences their catalytic performance in high-temperature oxidation reactions. 
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Biases, and Experimental Details 
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Abstract 
Persulfate (PS)-based advanced oxidation processes (AOPs) for pollutant removal have attracted 
extensive interest, but some controversies about the identification of reactive species were usually 
observed. This critical review aims to comprehensively introduce basic concepts and rectify cognitive 
biases and appeals to pay more attention to experimental details in PS-AOPs, so as to accurately explore 
reaction mechanisms. The review scientifically summarizes the character, generation, and identification 
of different reactive species. It then highlights the complexities about the analysis of electron 
paramagnetic resonance, the uncertainties about the use of probes and scavengers, and the necessities 
about the determination of scavenger concentration. The importance of the choice of buffer solution, 
operating mode, terminator, and filter membrane is also emphasized. Finally, we discuss current 
challenges and future perspectives to alleviate the misinterpretations toward reactive species and 
reaction mechanisms in PS-AOPs. 
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Abstract 

Nanoneedle arrays of heterostructured RuO2-Co3O4 electrocatalysts were constructed, showing 
improved water oxidation activity and durable stability. The synergy of tip-effect-induced OH- enrichment, 
superior hydrophilicity, and heterojunction-enhanced electron transfer promotes water oxidation 
activity. 
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Abstract 
Electrocatalytic H2 production from seawater, recognized as a promising technology utilizing offshore 
renewables, faces challenges from chloride-induced reactions and corrosion. Here, We introduce a 
catalytic surface where OH- dominates over Cl- in adsorption and activation, which is crucial for O2 
production. Our NiFe-based anode, enhanced by nearby Cr sites, achieves low overpotentials and 
selective alkaline seawater oxidation. It outperforms the RuO2 counterpart in terms of lifespan in scaled-
up stacks, maintaining stability for over 2500 h in three-electrode tests. Ex situ/in situ analyses reveal that 
Cr(III) sites enrich OH-, while Cl- is repelled by Cr(VI) sites, both of which are well-dispersed and close to 
NiFe, enhancing charge transfer and overall electrode performance. Such multiple effects fundamentally 
boost the activity, selectively, and chemical stability of the NiFe-based electrode. This development marks 
a significant advance in creating durable, noble-metal-free electrodes for alkaline seawater electrolysis, 
highlighting the importance of well-distributed catalytic sites. 
Developing highly active and stable oxygen evolution electrocatalysts is crucial for enabling large-scale 
hydrogen production from seawater. Here, authors report a robust O2-producing electrode for alkaline 
seawater, highlighting the critical role of distributed sites near the catalytic sites. 
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Abstract 
Oxidizing pollutants within the atmosphere or aquatic environments can affect the stability and balance 
of the entire ecosystem. Therefore, the exploration of rational method for the detection of iodate (IO3-), 
a notable oxidizing pollutant, is meaningful and obligatory. In this study, a new polyoxometalate-based 
supramolecular framework [(H2L)3PMo12O40]& sdot;H2O (1) [[HL = 4-(benzimidazole-1-
ylmethyl)benzoic acid]] was synthesized from [PMo12O40]3- and the protonated benzimidazole 
carboxylic acid by environmentally friendly one-pot method, which facilitated by pH adjustment. The 
detailed characterization of compound 1 was finished by single crystal X-ray diffraction, elemental analysis 
(EA), infrared (IR) spectroscopy, and X-ray powder diffraction (PXRD). Compound 1 body modified carbon 
paste electrode (1-CPE) exhibited significant electrocatalytic activity during the electrocatalytic reduction 
of IO3-, which allowed it to be used for the electrochemical detection of IO3- with robust anti-interference 
capabilities, stability, and low detection limit (0.427 mu M). 1-CPE also exhibited good detecting effect for 
the detection of iodate ions within sea water and the waste water from the oxidation reaction of glycerol. 
This research holds immense significance for the detection of oxidative pollutants and contributes to 
environmental protection efforts. 
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Abstract 
It is widely acknowledged that efficient charge separation and utilization of photocatalysts are key factors 
in determing the photocatalytic hydrogen production. Construction of heterojunction has been 
considered as a promising way to efficiently solve the spatial separation of photogenerated charges. In 
addition, the introduction of proper cocatalysts can realize the separation of electrons and holes of the 
photocatalyst and enhance the photocatalytic performance by promoting more carriers to flow to the 
corresponding active sites. Herein, the S-scheme heterojunction was constructed by introducing 
graphdiyne into CuMn2O4 for photocatalytic hydrogen evolution. Graphdiyne as a reduction 
semiconductor and in situ produced Mn2O3 from CuMn2O4 as an oxidation cocatalyst to promote the 
precisely migration of photogenerated electrons and holes to the corresponding reduction and oxidation 
sites of photocatalyst. Notably, the photocatalytic performance of the 600-CuMn2O4/GDY-40%(6-CG-
40%)could reach 1586.54 mu mol g-1 h-1, which is 13.86 and 21.48 times higher than those of CuMn2O4 
(106.73 mu mol g-1 h-1) and graphdiyne (70.57 mu mol g-1 h-1), respectively. Theoretical calculations and 
experiments results show that both in-situ induced growth of Mn2O3 oxidation co-catalyst and the 
introduction of graphdiyne to construct S-scheme heterojunction efficiently suppress the severe 
recombination of photogenerated electron-hole pairs, thus optimizing the photogenerated carrier 
transfer efficiency, and ultimately leading to the enhanced eosin Y-sensitized photocatalytic hydrogen 
evolution activity. This work provides a promising method for the construction of oxidation cocatalyst 
engineered S-scheme heterojunction for solar water splitting. 
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Abstract 
Proton exchange membrane water electrolysis (PEMWE) is a highly promising hydrogen production 
technology for enabling a sustainable energy supply. Herein, we synthesize a single-atom Co-doped core-
shell heterostructured Ru@RuO2 (Co-Ru@RuO2) catalyst via a combination of ultrafast pulse-heating and 
calcination methods as an iridium (Ir)-free and durable oxygen evolution reaction (OER) catalyst in acidic 
conditions. Co-Ru@RuO2 exhibits a low overpotential of 203 mV and excellent stability over a 400 h 
durability test at 10 mA cm-2. When implemented in industrial PEMWE devices, a current density of 1 A 
cm-2 is achieved with only 1.58 V under an extremely low catalyst loading of 0.34 mgRu cm-2, which is 
decreased by 4 to 6 times as compared to other reported Ru-based catalysts. Even at 500 mA cm-2, the 
PEMWE device could work stably for more than 200 h. Structural characterizations and density functional 
theory (DFT) calculations reveal that the single-atom Co doping and the core-shell heterostructure of 
Ru@RuO2 modulate the electronic structure of pristine RuO2, which reduce the energy barriers of OER 
and improve the stability of surface Ru. This work provides a unique avenue to guide future developments 
on low-cost PEMWE devices for hydrogen production. 
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Abstract 
The sluggish anodic oxygen evolution reaction (OER) is currently the major hinderance for hydrogen 
production from water splitting. Iron-based materials are promising cost-effective candidates for OER 
electrocatalysts, however their low intrinsic activity limits their performance. Here we report a defect-
engineered Fe2O3-CeO(2 )heterojunction with rich oxygen vacancies (Fe2O3@CeO2-OV), exhibiting 
ultralow overpotential of 172 mV at 10 mA cm(-2) and 317 mV at 1000 mA cm(-2), respectively, alongside 
superior stability and durability. Advanced characterization and density functional theory calculations 
demonstrate that defect engineering combined with heterojunction formation activates the lattice 
oxygen, switching the reaction pathway from the conventional adsorbate evolution mechanism (AEM) to 
the lattice oxygen mechanism (LOM). The oxygen vacancies are revealed to form preferably on CeO2 and 
induce not only electronic but also geometric modulation, contributing to strong Fe2O3-CeO2 interfacial 
interaction and charge transfer from CeO2 to Fe2O3, facilitating the O-2 desorption and boosting the 
intrinsic activity. 
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Abstract 
The discovery of efficient and stable electrocatalysts for oxygen evolution reaction (OER) in acid is vital 
for the commercialization of the proton-exchange membrane water electrolyzer. In this work, we 
demonstrate that short-range Ru atom arrays with near-ideal Ru-Ru interatomic distances and a unique 
Ru-O hybridization state can trigger direct O*-O* radical coupling to form an intermediate O*-O*-Ru 
configuration during acidic OER without generating OOH* species. Further, the Ru atom arrays suppress 
the participation of lattice oxygen in the OER and the dissolution of active Ru. Benefiting from these 
advantages, the as-designed Ru array-Co3O4 electrocatalyst breaks the activity/stability trade-off that 
plagues RuO2-based electrocatalysts, delivering an excellent OER overpotential of only 160 mV at 10 mA 
cm(-2) in 0.5 M H2SO4 and outstanding durability during 1500 h operation, representing one of the best 
acid-stable OER electrocatalysts reported to date. O-18-labeled operando spectroscopic measurements 
together with theoretical investigations revealed that the short-range Ru atom arrays switched on an 
oxide path mechanism (OPM) during the OER. Our work not only guides the design of improved acidic 
OER catalysts but also encourages the pursuit of short-range metal atom array-based electrocatalysts for 
other electrocatalytic reactions. 
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Abstract 
The discovery of acid-stable and highly active electrocatalysts for the oxygen evolution reaction (OER) is 
crucial in the quest for high-performance water-splitting technologies. Herein, a heterostructured RuO2-
CeO2 electrocatalyst was constructed by using a lattice-matching strategy. The interfacial Ru-O-Ce bridge 
structure provided a channel for electron transfer between Ru and Ce, creating a lattice stress that distorts 
the local structure of RuO2. The resulting RuO2-CeO2 catalyst exhibited attractive stability with negligible 
decay after 1000 h of the OER in 0.5 M H2SO4, along with high activity with an overpotential of only 180 
mV at 10 mA cm(-2). In situ attenuated total reflectance surface-enhanced infrared absorption 
spectroscopy (ATR-SEIRAS), in situ differential electrochemical mass spectrometry (DEMS), and density 
functional theory (DFT) calculations were used to reveal that the interface and noninterface RuO2 sites 
enabled an oxide path mechanism (OPM) and the enhanced adsorbate evolution mechanism (AEM-plus), 
respectively, during the OER. The simultaneous and independent OER pathways accessible by lattice 
matching guides improved electrocatalyst design for the OER in acidic media. 
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Abstract 
The manufacturing of perovskite solar cells under ambient conditions is desirable, yet the efficiency of p-
i-n perovskite solar cells fabricated in air still lags behind those made in an inert atmosphere. Here we 
introduce an ionic pair stabilizer, dimethylammonium formate (DMAFo), into the perovskite precursor 
solution to prevent the degradation of perovskite precursors. DMAFo inhibits the oxidization of iodide 
ions and deprotonation of organic cations, improving the crystallinity and reducing defects in the resulting 
perovskite films. We show the generation of additional p-type defects during ambient air fabrication that 
suggests the need for improving bulk properties of the perovskite film beyond surface passivation. Upon 
addition of DMAFo, we demonstrate that the efficiency of inverted p-i-n solar cells based on perovskite 
layers with 1.53-eV and 1.65-eV bandgaps fabricated under ambient conditions (25-30 degrees C, 35-50% 
relative humidity) increases by 15-20%. We achieve a certified stabilized efficiency of 24.72% for the 1.53-
eV cell, on a par with state-of-the-art counterparts fabricated in an inert atmosphere. 
Manufacturing of perovskite solar cells under ambient conditions is desirable. Meng et al. show that 
dimethylammonium formate suppresses halide oxidation and deprotonation of organic cations, enabling 
air-processed inverted solar cells with 24.7% efficiency. 
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Abstract 
Simultaneous generation of clean energy, H-2, and organic products holds immense potential in the realm 
of photocatalysis. The S-scheme heterojunction stands out for these dual-function applications due to its 
robust redox capacity, facilitating both the water reduction reaction and organic oxidation reactions. In 
this study, a Keggin-type polymetallic oxide, H3PW12O40 hollow dodecahedron (KPW), was synthesized 
using a hydrothermal approach. Subsequently, cadmium sulfide (CdS) nanoparticles averaging 15 nm in 
size were integrated in situ onto the KPW shell, resulting in the creation of a core-shell KPW@CdS S-
scheme heterojunction. This optimized composite showcased a hydrogen evolution rate of 18.7 mmol g(-
1) h(-1), alongside a value-added product, benzaldehyde, with a yield of 17.5 mmol g(-1) h(-1) substantially 
surpassing the performance of standalone CdS. This S-scheme junction, featuring a pronounced internal 
electronic field, emerges between the KPW and CdS. It significantly enhances the segregation of 
photogenerated carriers while preserving formida-ble redox capability. Furthermore, the hollow structure 
augments light absorption and utility, and the core-shell architecture delivers dual reduction and 
oxidation sites. As a result, the interplay between the hollow core-shell configuration and the S-scheme 
mode intensifies the photocatalytic activity. This research provides an innovative approach to crafting 
hollow S-scheme heterojunc-tions, aiming to optimize photocatalytic redox reactions for effective solar 
energy utilization.(c) 2023, Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published 
by Elsevier B.V. All rights reserved. 
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Abstract 
The biochar with single Ca atom (1.7 wt%) loaded nanoscale zero-valent iron composites (Fe@Ca-N-C) 
were prepared and effectively degraded tris(2-chloroethyl) phosphate (TCEP) via Fenton-like oxidation. 
Systematic experiments and theoretical calculations indicated that the enhanced removal of TCEP was 
attributed to the synergistic effect of adsorption (Ca-Nx sites) and degradation (Fe sites). Remarkably, the 
optimal system of 0.1 g L- 1 Fe@Ca-N-C, 1 mM peroxydisulfate (PDS) achieved 99.5 % TCEP degradation 
(2 mg L- 1 ) in 30 min and maintained 100 % TCEP removal for 72 h in continuous-flow reaction column. 
The Ca-Nx sites exhibited high adsorption energy for TCEP (especially the Ca-N1 sites), and the Fe sites 
(Fe(0) and Fe(II)) activated PDS into HO center dot, which quickly degrades the adsorbed TCEP through C-
O bond breaking and C-Cl bond hydroxylation. This study provided insights into single Ca atom utilization 
and TCEP pollution remediation. 
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Abstract 
"Spin" being an inherent characteristic of the electrons, can significantly improve the performance of 
photo- catalysts. In this work, we design and precisely optimize the spin-polarized electrons in ZnIn2S4 
(ZIS) system to boost the photocatalytic hydrogen evolution coupled with benzyl alcohol oxidation 
efficiencies by doping manganese (Mn2+) cations and applying an external magnetic field. The Mn-doped 
ZIS shows an outstanding photocatalytic hydrogen evolution, and oxidation of benzyl alcohol as compared 
to the pristine ZIS. Noticeably, applying an external magnetic field further enhances the photocatalytic 
performance, the optimized Mn0.15-ZIS yields H2 and benzaldehyde production up to 32.75 mmol g-1h- 
1 and 42.28 mmol g-1h- 1, respectively, which is 13.87 and 12.97-folds higher than that of the pristine ZIS. 
The Mn0.15-ZIS reaches the highest apparent quantum yield of 18.52 % and 23.60 % at 420 nm for H2 
and benzaldehyde production, respectively. These findings are mainly attributed to the spatial synergy of 
spin polarized electrons, where the Mn sites tend to enrich the holes for benzyl alcohol activation sites. 
The direct H+ transfer upon benzyl alcohol oxidation at Mn sites facilitates the formation of H2 on adjacent 
sites with remarkably favorable thermodynamic energy. Moreover, the corresponding mechanisms are 
systematically investigated by utilizing the magnetic circular dichroism spectroscopy, in situ X-ray 
photoelectron spectroscopy, transient-state photoluminescence, transient photocurrent, 
electrochemical impedance spectroscopy, electron paramagnetic resonance measurements, and the 
density functional theory calculations. This study, exhibits a great potential of manipulating the spin-
polarized electrons providing an efficient strategy for enhancing the photocatalytic performance. 
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