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Abstract

Although the positions of water guests in porous crystals can be identified, determination of their filling
sequence remains challenging. We deciphered the water-filling mechanism for the state-of-the-art water-
harvesting metal-organic framework MOF-303 by performing an extensive series of single-crystal x-ray
diffraction measurements and density functional theory calculations. The first water molecules strongly
bind to the polar organic linkers; they are followed by additional water molecules forming isolated
clusters, then chains of clusters, and finally a water network. This evolution of water structures led us to
modify the pores by the multivariate approach, thereby precisely modulating the binding strength of the
first water molecules and deliberately shaping the water uptake behavior. This resulted in higher water
productivity, as well as tunability of regeneration temperature and enthalpy, without compromising
capacity and stability.
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Abstract

Atmospheric water harvesting (AWH) is a promising solution to the world's water shortage. Meanwhile,
adsorption-based atmospheric water harvesting (ABAWH) has shown a higher ability to supply water in
arid areas using clean and cheap energy. Numerous modern adsorbents for this application have been
introduced so far, and many prototypes have been provided. However, there is still a long way to go for
widespread and practical use of this technology. Dedicated designs, operating strategies, environmental
compatibility, and energy supply are issues that still need further consideration. This article has tried to
summarize what has been achieved so far in ABAWH, analyze the challenges ahead, and provide solutions
to continue the path.
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Abstract

Because the pollutants produced by human activities have destroyed the ecological balance of natural
water environment, and caused severe impact on human life safety and environmental security. Hence
the task of water environment restoration is imminent. Metal-organic frameworks (MOFs), structured
from organic ligands and inorganic metal ions, are notable for their outstanding crystallinity, diverse
structures, large surface areas, adsorption performance, and excellent component tunability. The water
stability of MOFs is a key requisite for their possible actual applications in separation, catalysis, adsorption,
and other water environment remediation areas because it is necessary to safeguard the integrity of the
material structure during utilization. In this article, we comprehensively review state-of-the-art research
progress on the promising potential of MOFs as excellent nanomaterials to remove contaminants from
the water environment. Firstly, the fundamental characteristics and preparation methods of several
typical water-stable MOFs include UiO, MIL, and ZIF are introduced. Then, the removal property and
mechanism of heavy metal ions, radionuclide contaminants, drugs, and organic dyes by different MOFs
were compared. Finally, the application prospect of MOFs in pollutant remediation prospected. In this
review, the synthesis methods and application in water pollutant removal are explored, which provide
ways toward the effective use of water-stable MOFs in materials design and environmental remediation.
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Abstract

Compartmentalization of the aqueous space within a cell is necessary for life. In similar fashion to the
nanometer-scale compartments in living systems, synthetic water-soluble coordination cages (WSCCs)
can isolate guest molecules and host chemical transformations. Such cages thus show promise in
biological, medical, environmental, and industrial domains. This review highlights examples of three-
dimensional synthetic WSCCs, offering perspectives so as to enhance their design and applications.
Strategies are presented that address key challenges for the preparation of coordination cages that are
soluble and stable in water. The peculiarities of guest binding in aqueous media are examined, highlighting
amplified binding in water, changing guest properties, and the recognition of specific molecular targets.
The properties of WSCC hosts associated with biomedical applications, and their use as vessels to carry
out chemical reactions in water, are also presented. These examples sketch a blueprint for the preparation
of new metal-organic containers for use in aqueous solution, as well as guidelines for the engineering of
new applications in water.
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In this opinion paper, the current scenario and the main challenges in adsorption for water treatment are
presented shortly. It is expected that this discussion paper will serve as a fast literature directive to
support new ideas and novel investigations in the field. A general background about the topic is first
presented. Subsequently, some important aspects that are well developed in literature are discussed,
including adsorbent materials, adsorption operation mode, modeling, regeneration, and process
operation with real samples. In the last section, it has been pointed out what should likely be the next
steps required to advance in this knowledge.
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The significant upsurge in the demand for freshwater has prompted various developments towards water
sustainability. In this context, several materials have gained remarkable interest for the removal of
emerging contaminants from various freshwater sources. Among the currently investigated materials for
water treatment, metal organic frameworks (MOFs), a developing class of porous materials, have
provided excellent platforms for the separation of several pollutants from water. The structural
modularity and the striking chemical/physical properties of MOFs have provided more room for target-
specific environmental applications. However, MOFs limit their practical applications in water treatment
due to poor processability issues of the intrinsically fragile and powdered crystalline forms. Nevertheless,
growing efforts are recognized to impart macroscopic shapability to render easy handling shapes for real-
time industrial applications. Furthermore, efforts have been devoted to improve the stabilities of MOFs
that are subjected to fragile collapse in aqueous environments expanding their use in water treatment.
Advances made in MOF based material design have headed towards the use of MOF based
aerogels/hydrogels, MOF derived carbons (MDCs), hydrophobic MOFs and magnetic framework
composites (MFCs) to remediate water from contaminants and for the separation of oils from water. This
review is intended to highlight some of the recent trends followed in MOF based material engineering
towards effective water regeneration.
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Metallic nanostructures with low dimensionality (one-dimension and two-dimension) possess unique
structural characteristics and distinctive electronic and physicochemical properties including high aspect
ratio, high specific surface area, high density of surface unsaturated atoms and high electron mobility.
These distinctive features have rendered them remarkable advantages over their bulk counterparts for
surface-related applications, for example, electrochemical water splitting. In this review article, we
highlight the recent research progress in low-dimensional metallic nanostructures for electrochemical
water splitting including hydrogen evolution reaction (HER) and oxygen evolution reaction (OER).
Fundamental understanding of the electrochemistry of water splitting including HER and OER is firstly
provided from the aspects of catalytic mechanisms, activity descriptors and property evaluation metrics.
Generally, it is challenging to obtain low-dimensional metallic nanostructures with desirable
characteristics for HER and OER. We hereby introduce several typical methods for synthesizing one-
dimensional and two-dimensional metallic nanostructures including organic ligand-assisted synthesis,
hydrothermal/solvothermal synthesis, carbon monoxide confined growth, topotactic reduction, and
templated growth. We then put emphasis on the strategies adopted for the design and fabrication of high-
performance low-dimensional metallic nanostructures for electrochemical water splitting such as alloying,
structure design, surface engineering, interface engineering and strain engineering. The underlying
structure-property correlation for each strategy is elucidated aiming to facilitate the design of more
advanced electrocatalysts for water splitting. The challenges and perspectives for the development of
electrochemical water splitting and low-dimensional metallic nanostructures are also proposed.
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Terrestrial water storage (TWS) modulates the hydrological cycle and is a key determinant of water
availability and an indicator of drought. While historical TWS variations have been increasingly studied,
future changes in TWS and the linkages to droughts remain unexamined. Here, using ensemble
hydrological simulations, we show that climate change could reduce TWS in many regions, especially
those in the Southern Hemisphere. Strong inter-ensemble agreement indicates high confidence in the
projected changes that are driven primarily by climate forcing rather than land and water management
activities. Declines in TWS translate to increases in future droughts. By the late twenty-first century, the
global land area and population in extreme-to-exceptional TWS drought could more than double, each
increasing from 3% during 1976-2005 to 7% and 8%, respectively. Our findings highlight the importance
of climate change mitigation to avoid adverse TWS impacts and increased droughts, and the need for
improved water resource management and adaptation.
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Environmental pollution has accelerated and intensified because of the acceleration of industrialization,
therefore fabricating excellent materials to remove hazardous pollutants has become inevitable. MXenes
as emerging transition metal nitrides, carbides or carbonitrides with high conductivity, hydrophilicity,
excellent structural stability, and versatile surface chemistry, become ideal candidates for water
purification and environmental remediation. Particularly, MXenes reveal excellent sorption capability and
efficient reduction performance for various contaminants of wastewater. In this regard, a comprehensive
understanding of the removal behaviors of MXene-based nanomaterials is necessary to explain how they
remove various pollutants in water. The eliminate process of MXene-based nanomaterials is collectively
influenced by the physicochemical properties of the materials themselves and the chemical properties of
different contaminants. Therefore, in this review paper, the synthesis strategies and properties of MXene-
based nano materials are briefly introduced. Then, the chemical properties, removal behaviors and
interaction mechanisms of heavy metal ions, radionuclides, and organic pollutants by MXene-based
nanomaterials are highlighted. The overview also emphasizes associated toxicity, secondary
contamination, the challenges, and prospects of the MXene-based nano materials in the applications of
water treatment. This review can supply valuable ideas for fabricating versatile MXene nanomaterials in
eliminating water pollution.
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Overall water splitting, evolving hydrogen and oxygen in a 2:1 stoichiometric ratio, using particulate
photocatalysts is a potential means of achieving scalable and economically viable solar hydrogen
production. To obtain high solar energy conversion efficiency, the quantum efficiency of the
photocatalytic reaction must be increased over a wide range of wavelengths and semiconductors with
narrow bandgaps need to be designed. However, the quantum efficiency associated with overall water
splitting using existing photocatalysts is typically lower than ten per cent(1,2). Thus, whether a particulate
photocatalyst can enable a quantum efficiency of 100 per cent for the greatly endergonic water-splitting
reaction remains an open question. Here we demonstrate overall water splitting at an external quantum
efficiency of up to 96 per cent at wavelengths between 350 and 360 nanometres, which is equivalent to
an internal quantum efficiency of almost unity, using a modified aluminium-doped strontium titanate
(SrTiO3:Al) photocatalyst(3,4). By selectively photodepositing the cocatalysts Rh/Cr2O3 (ref.(5)) and
CoOOH (refs.(3,6)) for the hydrogen and oxygen evolution reactions, respectively, on different crystal
facets of the semiconductor particles using anisotropic charge transport, the hydrogen and oxygen
evolution reactions could be promoted separately. This enabled multiple consecutive forward charge
transfers without backward charge transfer, reaching the upper limit of quantum efficiency for overall
water splitting. Our work demonstrates the feasibility of overall water splitting free from charge
recombination losses and introduces an ideal cocatalyst/photocatalyst structure for efficient water
splitting.
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Energy and water are of fundamental importance for our modern society, and advanced technologies on
sustainable energy storage and conversion as well as water resource management are in the focus of
intensive research worldwide. Beyond their traditional biological applications, hydrogels are emerging as
an appealing materials platform for energy- and water-related applications owing to their attractive and
tailorable physiochemical properties. In this review, we highlight the highly tunable synthesis of various
hydrogels, involving key synthetic elements such as monomer/polymer building blocks, cross-linkers, and
functional additives, and discuss how hydrogels can be employed as precursors and templates for
architecting three-dimensional frameworks of electrochemically active materials. We then present an in-
depth discussion of the structure-property relationships of hydrogel materials based on fundamental
gelation chemistry, ultimately targeting properties such as enhanced ionic/electronic conductivities,
mechanical strength, flexibility, stimuli-responsiveness, and desirable swelling behavior. The unique
interconnected porous structures of hydrogels enable fast charge/mass transport while offering large
surface areas, and the polymer-water interactions can be regulated to achieve desirable water retention,
absorption, and evaporation within hydrogels. Such structure- derived properties are also intimately
coordinated to realize multifunctionality and stability for different target devices. The plethora of
stimulating examples is expounded with a focus on batteries, supercapacitors, electrocatalysts, solar
water purification, and atmospheric water harvesting, which showcase the unprecedented technological
potential enabled by hydrogels and hydrogel-derived materials. Finally, we study the challenges and
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potential ways of tackling them to reveal the underlying mechanisms and transform the current
development of hydrogel materials into sustainable energy and water technologies.
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Herein, a new approach of inducing oxygen vacancy in BiVO4/FeOOH nanostructures is designed, where
metal trichalcogenide is introduced. The strategy involves integration of Bi2S3 quantum dots (QDs) in
BiVO4/FeOOH to construct defect-rich BiVO4/FeOOH (denoted Vo-BiVO4/FeOOH) as high-performance
photoanode for photoelectrochemical water oxidation. Both experimental and theoretical analysis
confirm that the excellent PEC performance is due to the introduction of oxygen vacancies and FeOOH
cocatalyst, which significantly improves the charge separation. As a result, the obtained Vo-BiVO4/FeOOH
photoanode not only demonstrates an optimized Photoelectrochemical (PEC) performance for water
oxidation, with photocurrent density of 4.71 mA cm(-2) at 1.23 V versus RHE under AM 1.5 G illumination
but the interaction of BiVO4 with FeOOH cocatlayst also significantly enhance the stability for Vo-
BiVO4/FeOOH without any decrease after 11 h. The oxygen vacancy and FeOOH can effectively enhance
the light conversion efficiency, charge transfer efficiencies and charge separation efficiency. This work
highlights an effective strategy towards achieving efficient and stable BiVO4 photoanode for sustainable
solar energy conversion.
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Novel plasma-based technologies that offer maximum efficiency at minimal environmental costs are
expected to further promote the sustainable societal and economic development. Unique transfer of
chemical reactivity and energy from gaseous plasmas to water takes place in the absence of any other
chemicals, but results in a product with a notable transient broad-spectrum biological activity, referred to
as plasma-activated water (PAW). These features make PAW a green prospective solution for a wide range
of biotechnology applications, from water purification to biomedicine. Here, we present a succinct review
of how novel, efficient methods based on non-equilibrium reactive plasma chemistries can be applied to
low-cost natural water sources to produce a prospective product with a wide range of applications while
at the same time minimising the process steps and dramatically reducing the use of expensive and/or
hazardous reagents. Despite the recent exciting developments in this field, there presently is no topical
review which specifically focuses on the underlying physics and chemistry related to plasma-activated
water. We focus specifically on the PAW generation, origin of reactive species present in PAW, its related
analytical chemistry and potentially different mechanisms that regulate the bio-activities of PAW in
different biotech-applications and their roles in determining PAW efficacy and selectivity. We then review
recent advances in our understanding of plasma-water interactions, briefly outlining current and
proposed applications of PAW in agriculture, food and biomedicine. Finally, we outline future research
directions and challenges that may hinder translation of these technologies into real-life applications.
Overall, this review will provide much needed insights into the fundamental aspects of PAW chemistry
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required for optimization of the biochemical activity of PAW and translation of this environment- and
human-health-friendly, and energy-efficient strategy into real life applications.
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Metal halide perovskites have fascinated the research community over the past decade, and
demonstrated unprecedented success in optoelectronics. In particular, perovskite single crystals have
emerged as promising candidates for ionization radiation detection, due to the excellent opto-electronic
properties. However, most of the reported crystals are grown in organic solvents and require high
temperature. In this work, we develop a low-temperature crystallization strategy to grow CsPbBr3
perovskite single crystals in water. Then, we carefully investigate the structure and optoelectronic
properties of the crystals obtained, and compare them with CsPbBr3 crystals grown in dimethyl sulfoxide.
Interestingly, the water grown crystals exhibit a distinct crystal habit, superior charge transport properties
and better stability in air. We also fabricate X-ray detectors based on the CsPbBr3 crystals, and
systematically characterize their device performance. The crystals grown in water demonstrate great
potential for X-ray imaging with enhanced performance metrics. Perovskite single crystals are commonly
grown in organic solvents, which require relatively high temperature condition. Here, the authors develop
a low-temperature crystallisation strategy to grow CsPbBr3 single crystals in water with improved charge
transport properties and stability.
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Abstract
Water electrolysis has various industrial applications. Over the past years, interest in water electrolysis
technologies has increased largely due to the renaissance of the nuclear-hydrogen energy concept and
also the prospect of the large-scale implementation of power plants based on renewable energy sources.
The purpose of this paper is to present a brief review of the state-of the-art in the field of water electrolysis
science and technology, including a description of the various water electrolysis technologies, and a
discussion of the associated challenges and opportunities. The three main types of water electrolyzers -
alkaline, proton exchange membrane, and solid oxide - are considered and described. Their
electrochemical performances and limitations are presented and analyzed. Some cost elements are also
reported. Research trends in the field are discussed. Possible solutions for performance improvements



Water

are offered. The paper concludes with a discussion of several perspectives in terms of future applications.
(C) 2020 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
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Abstract

Water is essential in all aspects of life, being the defining characteristic of our planet and even our body.
Regrettably, water pollution is increasingly becoming a challenge due to novel anthropogenic pollutants.
Of particular concern are emerging organic contaminants (EOCs), the term used not only to cover newly
developed compounds but also compounds newly discovered as contaminants in the environment. Aside
from anthropogenic contamination, higher temperature and more extreme and less predictable weather
conditions are projected to affect water availability and distribution. Therefore, wastewater treatment
has to become a valuable water resource and its reuse is an important issue that must be carried out
efficiently. Among the novel technologies considered in water remediation processes, metal-organic
frameworks (MOFs) are regarded as promising materials for the elimination of EOCs since they present
many properties that commend them in water treatment: large surface area, easy functionalizable
cavities, some are stable in water, and synthesized at large scale, etc. This review highlights the advances
in the use of MOFs in the elimination (adsorption and/or degradation) of EOCs from water, classifying
them by the nature of the contaminant.
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Abstract

The unprecedented impact of human activity on Earth's climate and the ongoing increase in global energy
demand have made the development of carbon-neutral energy sources ever more important. Hydrogen
is an attractive and versatile energy carrier (and important and widely used chemical) obtainable from
water through photocatalysis using sunlight, and through electrolysis driven by solar or wind energy(1,2).
The most efficient solar hydrogen production schemes, which couple solar cells to electrolysis systems,
reach solar-to-hydrogen (STH) energy conversion efficiencies of 30% at a laboratory scale(3).
Photocatalytic water splitting reaches notably lower conversion efficiencies of only around 1%, but the
system design is much simpler and cheaper and more amenable to scale-up(1,2)-provided the moist,
stoichiometric hydrogen and oxygen product mixture can be handled safely in a field environment and
the hydrogen recovered. Extending our earlier demonstration of a 1-m(2) panel reactor system based on
a modified, aluminium-doped strontium titanate particulate photocatalyst(4), we here report safe
operation of a 100-m(2) array of panel reactors over several months with autonomous recovery of
hydrogen from the moist gas product mixture using a commercial polyimide membrane(5). The system,
optimized for safety and durability, and remaining undamaged on intentional ignition of recovered
hydrogen, reaches a maximum STH of 0.76%. While the hydrogen production is inefficient and energy
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negative overall, our findings demonstrate that safe, large-scale photocatalytic water splitting, and gas
collection and separation are possible. To make the technology economically viable and practically useful,
essential next steps are reactor and process optimization to substantially reduce costs and improve STH
efficiency, photocatalyst stability and gas separation efficiency.
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Among many separation membranes reported to date, the favorable polymer affinity and unique physio-
chemical performances of metal-organic frameworks (MOFs) including ultra-high surface area, regular
and highly controlled porosity have drawn widespread attention in industrial and academic communities.
In this comprehensive review, the developmental timeline of MOF containing membranes for water
treatment were clarified. The removal efficiencies, elimination mechanisms, as well as possible influencing
factors of various MOF containing membranes that applied to water treatment were systematically
summarized. The excellent removal performances of MOF containing membranes for various pollutants
were determined by the size-exclusion, pi-pi stacking interaction, electrostatic interaction, hydrogen
bonding and so on. Since the progress of engineered MOF containing membranes for practical wastewater
treatment applications lags, we further ana-lyzed the potential environmental application of MOF
containing membranes from four aspects (stability of MOFs, antifouling performance of membranes,
compatibility between MOF fillers and polymer matrix, dispersity of MOF nanoparticles in matrix), hoping
to provide some meaningful insights. (c) 2021 Elsevier B.V. All rights reserved.
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Abstract

Emerging contaminants (ECs), a group of relatively low-concentration but high-toxicity pollutants in the
environment, have attracted widespread attention in recent years. These trace pollutants can be enriched
in organisms and finally transferred to human bodies, posing a potential hazard to public health. Biochar,
a low-cost and high-efficiency adsorbent, has been used to treat ECs in water. However, due to certain
limitations of pristine biochar, such as poor adsorption capacity, narrow adsorption range, and other
shortcomings, it is necessary to modify biochar to improve its applications in water treatment for ECs.
Currently, there are a lot of reports on the removal of ECs from water by modified biochar. These studies
explored different modification methods to functionalize biochar with various physicochemical
properties, which resulted in distinct adsorption effects, behaviors and mechanisms of modified biochar
on different ECs. There is a need to systematically review and digest the knowledge on the adsorption of
ECs on modified biochar. In this review, recent biochar modification methods used in ECs removal are
firstly summarized, and the adsorption performance and mechanisms of modified biochar on typical ECs
are then systematically reviewed. Finally, the main research directions and trends, as well as
recommendations and suggestions for future development are pointed out. (C) 2021 Elsevier Ltd. All rights
reserved.
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Abstract

Core/shell nanocatalysts are a class of promising materials, which achieve the enhanced catalytic activities
through the synergy between ligand effect and strain effect. However, it has been challenging to
disentangle the contributions from the two effects, which hinders the rational design of superior
core/shell nanocatalysts. Herein, we report precise synthesis of PdCu/Ir core/shell nanocrystals, which
can significantly boost oxygen evolution reaction (OER) via the exclusive strain effect. The heteroepitaxial
coating of four Ir atomic layers onto PdCu nanoparticle gives a relatively thick Ir shell eliminating the ligand
effect, but creates a compressive strain of ca. 3.60%. The strained PdCu/Ir catalysts can deliver a low OER
overpotential and a high mass activity. Density functional theory (DFT) calculations reveal that the
compressive strain in Ir shell downshifts the d-band center and weakens the binding of the intermediates,
causing the enhanced OER activity. The compressive strain also boosts hydrogen evolution reaction (HER)
activity and the strained nanocrystals can be served as excellent catalysts for both anode and cathode in
overall water-splitting electrocatalysis.
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Background and Aims: Previous laboratory studies have suggested selection for root hair traits in future
crop breeding to improve resource use efficiency and stress tolerance. However, data on the interplay
between root hairs and open-field systems, under contrasting soils and climate conditions, are limited. As
such, this study aims to experimentally elucidate some of the impacts that root hairs have on plant
performance on a field scale.
Methods: A field experiment was set up in Scotland for two consecutive years, under contrasting climate
conditions and different soil textures (i.e. clay loam vs. sandy loam). Five barley (Hordeum vulgare)
genotypes exhibiting variation in root hair length and density were used in the study. Root hair length,
density and rhizosheath weight were measured at several growth stages, as well as shoot biomass, plant
water status, shoot phosphorus (P) accumulation and grain yield.
Key Results: Measurements of root hair density, length and its correlation with rhizosheath weight
highlighted trait robustness in the field under variable environmental conditions, although significant
variations were found between soil textures as the growing season progressed. Root hairs did not confer
a notable advantage to barley under optimal conditions, but under soil water deficit root hairs enhanced
plant water status and stress tolerance resulting in a less negative leaf water potential and lower leaf
abscisic acid concentration, while promoting shoot P accumulation. Furthermore, the presence of root
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hairs did not decrease yield under optimal conditions, while root hairs enhanced yield stability under
drought.
Conclusions: Selecting for beneficial root hair traits can enhance yield stability without diminishing yield
potential, overcoming the breeder's dilemma of trying to simultaneously enhance both productivity and
resilience. Therefore, the maintenance or enhancement of root hairs can represent a key trait for breeding
the next generation of crops for improved drought tolerance in relation to climate change.
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Abstract

Developing high-performance and cost-effective bifunctional electrocatalysts for large-scale water
electrolysis is desirable but remains a significant challenge. Most existing nano- and micro-structured
electrocatalysts require complex synthetic procedures, making scale-up highly challenging. Here, a
heterogeneous Ni2P-Fe2P microsheet is synthesized by directly soaking Ni foam in hydrochloric acid and
an iron nitrate solution, followed by phosphidation. Benefiting from high intrinsic activity, abundant active
sites, and a superior transfer coefficient, this self-supported Ni2P-Fe2P electrocatalyst shows superb
catalytic activity toward overall water splitting, requiring low voltages of 1.682 and 1.865 V to attain
current densities of 100 and 500 mA cm(-2)in 1mKOH, respectively. Such catalytic performance is superior
to the benchmark IrO2 || Pt/C pair and also places this electrocatalyst among the best bifunctional
catalysts reported thus far. Furthermore, its enhanced corrosion resistance and hydrophilic surface make
it suitable for seawater splitting. It is able to achieve current densities of 100 and 500 mA cm(-2)in 1mKOH
seawater at voltages of 1.811 and 2.004 V, respectively, which, together with its robust durability,
demonstrates its great potential for realistic seawater electrolysis. This work presents a general and
economic approach toward the fabrication of heterogeneous metallic phosphide catalysts for
water/seawater electrocatalysis.
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Soil erosion is a major global soil degradation threat to land, freshwater, and oceans. Wind and water are
the major drivers, with water erosion over land being the focus of this work; excluding gullying and river
bank erosion. Improving knowledge of the probable future rates of soil erosion, accelerated by human
activity, is important both for policy makers engaged in land use decision-making and for earth-system
modelers seeking to reduce uncertainty on global predictions. Here we predict future rates of erosion by
modeling change in potential global soil erosion by water using three alternative (2.6, 4.5, and 8.5) Shared
Socioeconomic Pathway and Representative Concentration Pathway (SSP-RCP) scenarios. Global
predictions rely on a high spatial resolution Revised Universal Soil Loss Equation (RUSLE)-based
semiempirical modeling approach (GloSEM). The baseline model (2015) predicts global potential soil
erosion rates of 43(-7)(+9.2) Pg yr(-1) , with current conservation agriculture (CA) practices estimated to
reduce this by similar to 5%. Our future scenarios suggest that socioeconomic developments impacting
land use will either decrease (SSP1-RCP2.6-10%) or increase (SSP2-RCP4.5 +2%, SSPS-RCP8.5 +10%) water
erosion by 2070. Climate projections, for all global dynamics scenarios, indicate a trend, moving toward a
more vigorous hydrological cycle, which could increase global water erosion (+30 to +66%). Accepting
some degrees of uncertainty, our findings provide insights into how possible future socioeconomic
development will affect soil erosion by water using a globally consistent approach. This preliminary
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evidence seeks to inform efforts such as those of the United Nations to assess global soil erosion and
inform decision makers developing national strategies for soil conservation.
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Abstract

Water pollution caused by numerous pollutants has become one of the critical problems globally.
Different technologies and materials are used for the treatment of wastewater. There is a need for
protocols and procedures that act as guidelines for researchers to develop and evaluate new adsorbent
materials for wastewater treatment. This review takes a step toward developing organized protocols and
procedures for the synthesis of nanomaterials, polymers, and green materials as adsorbents used for
water purification. In the present review, protocols, and procedures for the synthesis of adsorbents, such
as nanomaterials, waste-derived materials, and polymers are proposed Furthermore, protocols for
evaluating these materials for water treatment are provided. The reported protocols and procedures will
provide guidelines for researchers and industrial workers to develop and evaluate new materials for water
treatment. (C) 2021 Elsevier B.V. All rights reserved.
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Abstract

In this paper, the shallow water wave with unsmooth boundaries is depicted by fractal calculus, and its
exact fractal solitary wave solution is successfully found by He's variational method. The numerical
examples demonstrate that the method is simple, efficient and convenient. Finally, we elaborate the
physical properties of the fractal solitary solution by some graphs. The novel scheme clears up the road
to the exact fractal soliton, and it sheds a new light on the fractal soliton theory.
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Abstract

Water splitting is a green strategy for hydrogen generation but greatly hindered by the sluggish anodic
oxygen evolution reaction (OER). Herein, ultrathin rhodium-doped nickel iron layered double hydroxide
nanosheets are successfully synthesized, which exhibit outstanding hydrogen evolution reaction (HER)
and OER performance, and advanced overall water splitting. More impressively, the remarkable mass
activity of 960 mA mg(-1) at 1.55 V (1.7 times larger than NiFe-LDH) for urea electro-oxidation reaction
(UOR) shows the great potential to surmount the sluggish OER for overall water splitting. A urine-
mediated electrolysis cell is subsequently configured, delivering a current density of 10 mA cm(-2) with a
potential of 1.35 V, which is 105 mV lower than that of ureafree counterpart. The enhanced catalytic
activity and cell performance are attributed to the introduction of Rh into NiFe-LDH matrix by changing
the electronic structure, allowing optimization of the adsorbed species, as confirmed by experimental
measurements and computational analyses.
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The unwillingness of college students to use recycled water has become a key barrier to sewage recycling
on campus, and it is critical to strengthen their inclination to do so. This paper used college students in
Xi'an as a case study and adopted event-related potential technology to explore the effect of social norms
on the willingness to use recycled water and the neural mechanism of cognitive processing. The results
suggested the following: (1) The existence of social norms might influence college students' willingness to
use recycled water. (2) When individuals' willingness to use recycled water is lower than the social norm,
there is a bigger feedback-related negative amplitude. (3) College students pay more attention to social
norms in groups with closer social distance. These findings can be used to provide a scientific basis for
persuading the public to use recycled water from the perspective of the social norm to drive public
acceptability.
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Rationally manipulating the in situ formed catalytically active surface of catalysts remains a tremendous
challenge for a highly efficient water electrolysis. Here we present a cationic redox-tuning method to
modulate in situ catalyst leaching and to redirect the dynamic surface restructuring of layered LiCoO2-
xClx (x= 0, 0.1 or 0.2), for the electrochemical oxygen evolution reaction (OER). Chlorine doping lowered
the potential to trigger in situ cobalt oxidation and lithium leaching, which induced the surface of
LiCoO1.8Cl0.2 to transform into a self-terminated amorphous (oxy)hydroxide phase during the OER. In
contrast, Cl-free LiCoO2 required higher electrochemical potentials to initiate the in situ surface
reconstruction to spinel-type Li1 +/- xCo2O4 and longer cycles to stabilize it. Surface-restructured
LiCoO1.8Cl0.2 outperformed many state-of-the-art OER catalysts and demonstrated remarkable stability.
This work makes a stride in modulating surface restructuring and in designing superior OER
electrocatalysts via manipulating the in situ catalyst leaching.
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Abstract

Hydrogen economy has emerged as a very promising alternative to the current hydrocarbon economy,
which involves the process of harvesting renewable energy to split water into hydrogen and oxygen and
then further utilization of clean hydrogen fuel. The production of hydrogen by water electrolysis is an
essential prerequisite of the hydrogen economy with zero carbon emission. Among various water
electrolysis technologies, alkaline water splitting has been commercialized for more than 100 years,
representing the most mature and economic technology. Here, the historic development of water
electrolysis is overviewed, and several critical electrochemical parameters are discussed. After that,
advanced nonprecious metal electrocatalysts that emerged recently for negotiating the alkaline oxygen
evolution reaction (OER) and hydrogen evolution reaction (HER) are discussed, including transition metal
oxides, (oxy)hydroxides, chalcogenides, phosphides, and nitrides for the OER, as well as transition metal
alloys, chalcogenides, phosphides, and carbides for the HER. In this section, particular attention is paid to
the catalyst synthesis, activity and stability challenges, performance improvement, and industry-relevant
developments. Some recent works about scaled-up catalyst synthesis, novel electrode designs, and
alkaline seawater electrolysis are also spotlighted. Finally, an outlook on future challenges and
opportunities for alkaline water splitting is offered, and potential future directions are speculated.
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Abstract

Both seasonal and annual mean precipitation and evaporation influence patterns of water availability
impacting society and ecosystems. Existing global climate studies rarely consider such patterns from non-
parametric statistical standpoint. Here, we employ a non-parametric analysis framework to analyze
seasonal hydroclimatic regimes by classifying global land regions into nine regimes using late 20th century
precipitation means and seasonality. These regimes are used to assess implications for water availability
due to concomitant changes in mean and seasonal precipitation and evaporation changes using CMIP5
model future climate projections. Out of 9 regimes, 4 show increased precipitation variation, while 5 show
decreased evaporation variation coupled with increasing mean precipitation and evaporation. Increases
in projected seasonal precipitation variation in already highly variable precipitation regimes gives rise to
a pattern of "seasonally variable regimes becoming more variable". Regimes with low seasonality in
precipitation, instead, experience increased wet season precipitation. Adequate water availability is key
to human and ecosystem sustainability. Here, the authors show that seasonally variable regimes become
more variable, and the combined influence of seasonality and magnitude of climate variables will affect
future water availability.
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Abstract

Due to the serious threat of heavy metal oxoanions to human health and the natural environment, their
efficient removal from water contaminants has become a vital issue. Currently, adsorptive removal is one
of most promising approaches to purify contaminated water. Thus, the exploration of advanced
adsorption materials has attracted widespread attention. Metal-organic frameworks (MOFs) with the
advantages of tunable porosity, high surface area, and abundant functional groups are superior than
conventional adsorbents. Herein, this review summarizes recent progress in different MOFs as
outstanding adsorbents to remove heavy metal oxoanions from water, including typical SeO32-/SeO42-,
HAsO42-/H2AsO4-/H3AsO3, and CrO42-/Cr2O72-. In addition, their adsorption mechanisms are also
involved, which is conducive to not only understand the adsorption process between MOFs and heavy
metal oxoanion contaminants but also design new MOFs-based adsorbents with excellent performance
for further research.
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Abstract

Splitting water using suspensions of particulate carbon nitride-based photocatalysts may be a cheap way
to produce hydrogen, but efficiencies have remained low. Now, Shen and colleagues use doped carbon
nitride-based Z-scheme heterostructures to split water with a solar-to-hydrogen efficiency of 1.1% in the
presence of metal-based co-catalysts.
Photocatalytic overall water splitting can be achieved using Z-scheme systems that mimic natural
photosynthesis by combining dissimilar semiconductors in series. However, coupling well-suited H-2- and
O-2-evolving components remains challenging. Here, we fabricate a Z-scheme system for photocatalytic
overall water splitting based on boron-doped, nitrogen-deficient carbon nitride two-dimensional (2D)
nanosheets. We prepare ultrathin carbon nitride nanosheets with varying levels of boron dopants and
nitrogen defects, which leads to nanosheets that can act as either H-2- or O-2-evolving photocatalysts.
Using an electrostatic self-assembly strategy, the nanosheets are coupled to obtain a 2D/2D polymeric
heterostructure. Owing to their ultrathin nanostructures, strong interfacial interaction and staggered
band alignment, a Z-scheme route for efficient charge-carrier separation and transfer is realized. The
obtained heterostructure achieves stoichiometric H-2 and O-2 evolution in the presence of Pt and
Co(OH)(2) co-catalysts, and the solar-to-hydrogen efficiency reaches 1.16% under one-sun illumination.
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Loose nanofiltration membranes with a remarkable water permeability are highly promising for the
fractionation of dyes and salts in the treatment of textile wastewater. In this study, a novel polyester
membrane with unprecedented water permeability was developed via interfacial polymerization (IP), in
which meso-erythritol (ME) was utilized as an aqueous monomer. Instead of using toxic catalysts, sodium
hydroxide was incorporated to the aqueous solution to catalyze the ester reaction between hydroxyl and
acyl chloride. A series of characterizations demonstrated that the formed polyester film is hydrophilic and
negatively charged, with microsphere structures on the surface. Due to the low-active hydroxyl groups of
the aqueous monomers, the participation of ME could yield a coherent polyester film with slightly loose
structure atop the polyethersulfone (PES) membrane. The resultant membrane with high water
permeability exhibited both a high rejection of dyes and a high transmission of salts. The rejection of the
LNFM-2 membrane with an excellent water permeability of 53.23 LMH bar(-1) for Congo red (CR), direct
red 23 (DR23), reactive blue 2 (RB2), Na2SO4, NaCl was 99.6%, 95.2%, 99.6%, 11.0%, and 5.6%
respectively. Furthermore, LNFM-1 has a water permeability of up to 87.13 LMH bar(-1) while maintaining
a competitive dye/salt separation performance. In addition, this type of polyester membrane has a
superior antifouling performance and long-term stability during the filtration of dye/salt mixtures.
The newly developed polyester LNF membranes have great application potential in the treatment of
textile wastewater. This study paves the way for applying hydroxyl monomers like polyols for constructing
TFC membranes for diverse separations.
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The development of acid-stable oxygen evolution reaction electrocatalysts is essential for high-
performance water splitting. Here, we report an electrocatalyst with Ru-atom-array patches supported
on alpha-MnO2 (Ru/MnO2) for the oxygen evolution reaction following a mechanism that involves only
*O and *OH species as intermediates. This mechanism allows direct O-O radical coupling for O-2
evolution. Ru/MnO2 shows high activity (161 mV at 10 mA cm(-2)) and outstanding stability with small
degradation after 200 h operation, making it one of the best-performing acid-stable oxygen evolution
reaction catalysts. Operando vibrational and mass spectroscopy measurements were performed to probe
the reaction intermediates and gaseous products for validating the oxygen evolution reaction pathway.
First-principles calculations confirmed the cooperative catalysis mechanism with a reduced energy
barrier. Time-dependent elemental analysis demonstrated the occurrence of the in-situ dynamic cation
exchange reaction during the oxygen evolution reaction, which is the key for triggering the reconstruction
of Ru atoms into the ordered array with high durability.
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A review presenting water as the logical reaction medium for the future of organic chemistry. A discussion
is offered that covers both the "on water" and "in water" phenomena, and how water is playing unique
roles in each, specifically with regard to its use in organic synthesis.
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Abstract

The discharge of brine (saline wastewater) from brackish water and seawater desalination plants poses a
major threat to the natural environment. This research study presents an energetic, economic and
environmental assessment of zero liquid discharge (ZLD) desalination systems in the Eastern
Mediterranean. Two scenarios are considered: (i) ZLD brackish water and (ii) ZLD seawater systems, both
aimed at producing saleable freshwater and mixed solid salt. Results showed that the energy consumption
in scenario 1 (9.48 kWh/m3) is 2.38 times lower than in scenario 2 (22.55 kWh/m3) due to the 7 times
lower feed salinity. The differentiation in energy demands is also translated to costs since scenario 2
(US$1.04/m3) is 1.24 times more expensive than scenario 1 (US$0.84/m3). Both scenarios are 3.18 times
cheaper than the disposal method of the evaporation pond, while they are in the same cost range as the
land application and deep-well injection. Whether only freshwater is sold or both freshwater and mixed
solid salt are sold, both scenarios are profitable as the profit ranges from US $215.05/day to
US$302.55/day. Concerning CO2 emissions, scenario 1 (5.91?6.45 kg CO2/m3) has lower values than
scenario 2 (14.05?15.33 kg CO2/m3) as the energy demanded in scenario 1 is significantly lower.
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Unraveling how reactive facets promote photocatalysis at the molecular level remains a grand challenge,
while identification of the reactive facets can provide guidelines for designing highly efficient
photocatalysts and unravelling the microscopic mechanisms behind them. Recently, a series of
polytriazine imides (PTIs) was reported with highly crystalline structures; all had a relatively low
photocatalytic activity for overall water splitting. Here, high-angle annular dark-field scanning
transmission electron microscopy, energy dispersive spectroscopy mapping, and aberration-corrected
integrated differential phase contrast imaging were used to study PTI/Li+Cl- single crystals before and
after in situ photodeposition of co-catalysts, showing that the prismatic {10 (1) over bar0} planes are more
photocatalytically reactive than the basal {0001} planes. Theoretical calculations confirmed that the
electrons are energetically favourable to transfer toward the {10 (1) over bar0} planes. Upon this
discovery, PTI/Li+Cl- crystals with different aspect ratios were prepared, and the overall water splitting
performance followed a linear correlation with the relative surface areas of the {10 (1) over bar0} and
{0001} planes. Our controlling of the reactive facets directly instructs the development of highly efficient
polymer photocatalysts for overall water splitting.
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Rational design and construction of bifunctional electrocatalysts with excellent activity and durability is
imperative for water splitting. Herein, a novel top-down strategy to realize a hierarchical branched Mo-
doped sulfide/phosphide heterostructure (Mo-Ni3S2/NixPy hollow nanorods), by partially phosphating
Mo-Ni3S2/NF flower clusters, is proposed. Benefitting from the optimized electronic structure
configuration, hierarchical branched hollow nanorod structure, and abundant heterogeneous interfaces,
the as-obtained multisite Mo-Ni3S2/NixPy/NF electrode has remarkable stability and bifunctional
electrocatalytic activity in the hydrogen evolution reaction (HER)/oxygen evolution reaction (OER) in 1 m
KOH solutions. It possesses an extremely low overpotential of 238 mV at the current density of 50 mA
cm(-2) for OER. Importantly, when assembled as anode and cathode simultaneously, it merely requires
an ultralow cell voltage of 1.46 V to achieve the current density of 10 mA cm(-2), with excellent durability
for over 72 h, outperforming most of the reported Ni-based bifunctional materials. Density functional
theory results further confirm that the doped heterostructure can synergistically optimize Gibbs free
energies of H and O-containing intermediates (OH*, O*, and OOH*) during HER and OER processes, thus
accelerating the catalytic kinetics of electrochemical water splitting. This work demonstrates the
importance of the rational combination of metal doping and interface engineering for advanced catalytic
materials.
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Rational design of single atom catalyst is critical for efficient sustainable energy conversion. However, the
atomic-level control of active sites is essential for electrocatalytic materials in alkaline electrolyte.
Moreover, well-defined surface structures lead to in-depth understanding of catalytic mechanisms.
Herein, we report a single-atomic-site ruthenium stabilized on defective nickel-iron layered double
hydroxide nanosheets (Ru-1/D-NiFe LDH). Under precise regulation of local coordination environments of
catalytically active sites and the existence of the defects, Ru-1/D-NiFe LDH delivers an ultralow
overpotential of 18mV at 10mAcm(-2) for hydrogen evolution reaction, surpassing the commercial Pt/C
catalyst. Density functional theory calculations reveal that Ru-1/D-NiFe LDH optimizes the adsorption
energies of intermediates for hydrogen evolution reaction and promotes the O-O coupling at a Ru-O active
site for oxygen evolution reaction. The Ru-1/D-NiFe LDH as an ideal model reveals superior water splitting
performance with potential for the development of promising water-alkali electrocatalysts. Rational
design of single atom catalyst is critical for efficient sustainable energy conversion. Single-atomic-site
ruthenium stabilized on defective nickel-iron layered double hydroxide nanosheets achieve superior HER
and OER performance in alkaline media.
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Abstract

The Yangtze River estuary and its surrounding seas have had the highest degree of eutrophication in China.
Xiangshan Bay, located at the southern bank of the Yangtze River, is not immune from eutrophication,
leading to the water quality below the control requirements for marine functional zoning. Clarifying the
nutrient criteria is essential to alleviate eutmphication in Xiangshan Bay. We used a generalized Pareto
distribution-based peaks over threshold model to analyze 2006-2018 survey data. Through calculation,
inorganic nitrogen and reactive phosphate criteria in Xiangshan Bay at the five percentile are 0.443 mg/L
and 0.025 mg/L, respectively. Additionally, we also obtained the corresponding confidence intervals.
Rationality and sensitivity analyses of the calculation results proved the methods used in this study to be
rational and reliable, providing a basis for subsequent monitoring and assessment of nutrient salts in bays.
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Abstract

Per- and polyfluoroalkyl substances (PFAS) are a family of fluorinated organic compounds of
anthropogenic origin. Due to their unique chemical properties, widespread production, environmental
distribution, long-term persistence, bioaccumulative potential, and associated risks for human health,
PFAS have been classified as persistent organic pollutants of significant concern. Scientific evidence from
the last several decades suggests that their widespread occurrence in the environment correlates with
adverse effects on human health and ecology. The presence of PFAS in the aquatic environment
demonstrates a close link between the anthroposphere and the hydrological cycle, and concentrations of
PFAS in surface and groundwater range in value along the ng L-1-mu g L-1 scale. Here, we critically
reviewed the research published in the last decade on the global occurrence and distribution of PFAS in
the aquatic environment. Ours is the first paper to critically evaluate the occurrence of PFAS at the
continental scale and the evolving global regulatory responses to manage and mitigate the adverse human
health risks posed by PFAS. The review reports that PFAS are widespread despite being phased out-they
have been detected in different continents irrespective of the level of industrial development. Their
occurrence far from the potential sources suggests that long-range atmospheric transport is an important
pathway of PFAS distribution. Recently, several studies have investigated the health impacts of PFAS
exposure-they have been detected in biota, drinking water, food, air, and human serum. In response to
the emerging information about PFAS toxicity, several countries have provided administrative guidelines
for PFAS in water, including Canada, the United Kingdom, Sweden, Norway, Germany, and Australia. In
the US, additional regulatory measures are under consideration. Further, many PFAS have now been listed
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as persistent organic pollutants. This comprehensive review provides crucial baseline information on the
global occurrence, distribution, and regulatory framework of PFAS.
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Inspired by the ultralight and structurally robust spider webs, flexible nanofibril-assembled aerogels with
intriguing attributes have been designed for achieving promising performances in various applications.
Here, conductive polyimide nanofiber (PINF)/MXene composite aerogel with typical "layer-strut" bracing
hierarchical nanofibrous cellular structure has been developed via the freeze-drying and thermal
imidization process. Benefiting from the porous architecture and robust bonding between PINF and
MXene, the PINF/MXene composite aerogel exhibits an ultralow density (9.98 mg cm(-3)), intriguing
temperature tolerance from -50 to 250 degrees C, superior compressibility and recoverability (up to 90%
strain), and excellent fatigue resistance over 1000 cycles. The composite aerogel can be used as a
piezoresistive sensor, with an outstanding sensing capacity up to 90% strain (corresponding 85.21 kPa),
ultralow detection limit of 0.5% strain (corresponding 0.01 kPa), robust fatigue resistance over 1000
cycles, excellent piezoresistive stability and reproductivity in extremely harsh environments.
Furthermore, the composite aerogel also exhibits superior oil/water separation properties such as high
adsorption capacity (55.85 to 135.29 g g(-1)) and stable recyclability due to its hydrophobicity and robust
hierarchical porous structure. It is expected that the designed PINF/MXene composite aerogel can supply
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a new multifunctional platform for human bodily motion/physical signals detection and high-efficient
oil/water separation.
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Abstract

Zearalenone (ZEN), a significant class of mycotoxin which is considered as a xenoestrogen, permits, similar
to natural estrogens, it's binding to the receptors of estrogen resulting in various reproductive diseases
especially, hormonal misbalance. ZEN has toxic effects on human and animal health as a result of its
teratogenicity, carcinogenicity, mutagenicity, nephrotoxicity, genotoxicity, and immunotoxicity. To
ensure water and environmental resources safety, precise, rapid, sensitive, and reliable analytical and
conventional methods can be progressed for the determination of toxins such as ZEN. Different selective
nanomaterial-based compounds are used in conjunction with different analytical detection approaches
to achieve this goal. The current review demonstrates the state-of-the-art advances of nanomaterial-
based electrochemical sensing assays including various sensing, apta-sensing and, immunosensing studies
to the highly sensitive determination of various ZEN families. At first, a concise study of the occurrence,
structure, toxicity, legislations, and distribution of ZEN in monitoring has been performed. Then, different
conventional and clinical techniques and procedures to sensitive and selective sensing techniques have
been reviewed and the efficient comparison of them has been thoroughly discussed. This study has also
summarized the salient features and the requirements for applying various sensing and biosensing
platforms and diverse immobilization techniques in ZEN detection. Finally, we have defined the
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performance of several electrochemical sensors applying diverse recognition elements couples with
nanomaterials fabricated using various recognition elements coupled with nanomaterials (metal NPs,
metal oxide nanoparticles (NPs), graphene, and CNT) the issues limiting development, and the
forthcoming tasks in successful construction with the applied nanomaterials.
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Abstract

Noble metals manifest themselves with unique electronic structures and irreplaceable activity toward a
wide range of catalytic applications but are unfortunately restricted by limited choice of geometric
structures spanning single atoms, clusters, nanoparticles, and bulk crystals. Herein, we propose how to
overcome this limitation by integrating noble metal atoms into the lattice of transition metal oxides to
create a new type of hybrid structure. This study shows that iridium single atoms can be accommodated
into the cationic sites of cobalt spinel oxide with short-range order and an identical spatial correlation as
the host lattice. The resultant Ir0.06Co2.94O4 catalyst exhibits much higher electrocatalytic activity than
the parent oxide by 2 orders of magnitude toward the challenging oxygen evolution reaction under acidic
conditions. Because of the strong interaction between iridium and cobalt oxide support, the
Ir0.06Co2.94O4 catalyst shows significantly improved corrosion resistance under acidic conditions and
oxidative potentials. This work eliminates the "close-packing" limitation of noble metals and offers
promising opportunity to create analogues with desired topologies for various catalytic applications.
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In this study, a magnetic chitosan/Al2O3/Fe3O4 (M-Cs) nanocomposite was developed by
ethylenediaminetetraacetic acid (EDTA) functionalization to enhance its adsorption behavior for the
removal of Cd (II), Cu(II) and Zn(II) metal ions from aqueous solution. The results revealed that the EDTA
functionalization of M-Cs increased its adsorption capacity -9.1, -5.6 and -14.3 times toward Cu, Cd and
Zn ions. The maximum adsorption capacity followed the order of Cd(II) > Cu(II) > Zn(II) and the maximum
adsorption efficiency was achieved at pH of 5.3 with the removal percentage of 99.98, 93.69 and 83.81 %,
respectively, for the removal of Cu, Cd and Zn ions. The metal ions adsorption kinetic obeyed pseudo-
second-order equation and the Langmuir isothermal was found the most fitted model for their adsorption
isothermal experimental data. In addition, the thermodynamic study illustrated that the adsorption
process was exothermic and spontaneous in nature.
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Abstract

Different transition metal compounds (TMCs) nanostructures grown on conductive substrates have been
considered as promising self-supportive non-precious electrocatalysts for electrochemical water splitting,
but extremely challenging to develop facile and generalized approaches for rational design and enhancing
their catalytic properties. Herein, we develop a general strategy to boost the hydrogen and oxygen
evolution reactions (HER and OER) performance of TMCs by designing monolith electrocatalyst
architectures. The monoliths comprises of TMCs integrated on carbon fiber cloth core-shell (CFC@EC)
structure. The CFC@EC allows the creation of numerous lattice distortions and strong electronic
interactions between CFC@EC and metal cations of the TMCs. Such lattice distortions exposes more active
sites in CFC@EC/TMCs compared to the pristine CFC coated TMCs (CFC/TMC). Cobalt phosphide (CoP)
nanowires and NiFe-LDH coated on CFC@EC exhibits the optimized HER and OER activities. Overall water
splitting device assembled based on the optimized HER and OER electrodes also achieve low overall
potential of 1.53 V at 10 mA cm-2. More importantly, we further experimentally verify that the integration
of Ni3N and Ni3S2, CoS2, NiCo-LDH, NiMn-LDH with CFC@EC also reveal similar improved performance,
providing a general and valuable strategy into the design of other selfsupporting electrocatalysts for water
splitting and beyond.
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Abstract

The present study aims to formulate the water emulsified waste-derived biodiesel with cetane improver
and find its optimum concentration for an efficient and cleaner production from the diesel engines. A
waste-derived Lemon peel oil (LPO) is emulsified in diesel fuel along with water, and 2-Ethylhexyl nitrate
(EHN). Four levels of each parameter have been chosen for the fuel preparation. The experiments are
performed in a naturally aspirated diesel engine at maximum brake power conditions based on the L16
orthogonal array. A grey-relational analysis is opted to optimize the performances and emissions
responses, and the statistical influence of the operating parameters is estimated based on the analysis of
variance. A comprehensive study has also been conducted to understand the improvement in
performance and emission parameters at the optimum level. From the results, the optimum condition of
LPO, water, and EHN is identified as 20%, 10%, and 2%, respectively. The water concentration in base fuel
has a contribution of 65.94% on overall engine behavior, whereas the contribution of LPO and EHN is
26.72% and 7.34%, respectively. Besides, the confirmation experiment at the optimum condition shows
that the signal-to-noise ratio is improved by 40.8% compared to the initial best condition.
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Abstract

Impact of extrusion pretreatment (50, 70, 90, 110 and 130 degrees C) on physicochemical, emulsifying
properties and water holding capacity (WHC) of transglutaminase (TGase) cross-linked whey protein
isolate (WPI) were investigated in this study. The results of molecular size distribution and SDS-PAGE
proved that there were more macromolecular polymers formed in TGase cross-linked WPI after extrusion
pretreatment (E-WPI-TGase) and the consumption of free amino groups for E-WPI-TGase was the largest
at the extrusion temperature of 50 degrees C and 70 degrees C. As the extrusion temperature increased
from 90 degrees C to 130 degrees C, particle size of WPI after extrusion pretreatment (E-WPI) was not
changed significantly, compared with that of E-WPI-TGase (p > 0.05). In addition, the emulsifying
properties, surface hydrophobicity and WHC of E-WPI-TGase were higher than those of WPI cross-linked
by TGase (WPI-TGase) (p < 0.05). Significantly, the emulsifying activity, surface hydrophobicity and WHC
of E-WPI-TGase at the extrusion temperature of 50 degrees C was increased by 63.78%, 18.58% and
96.63% compared with that of unextruded WPI-TGase, respectively. Therefore, these results indicated
that low temperature (50 degrees C and 70 degrees C) extrusion pretreatment could promote the cross-
linking degree of TGase-catalyzed WPI, and improve its emulsifying properties, WHC and surface
hydrophobicity.
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Abstract

It is of great importance to rationally design and develop earth-abundant nanocatalysts for high-efficiency
water electrolysis. Herein, NiFe layered double hydroxide was in situ grown hydrothermally on a 3D
graphite felt (NiFe LDH/GF) as a high-efficiency catalyst in facilitating the oxygen evolution reaction (OER).
In 1.0 M KOH, NiFe LDH/GF requires a low overpotential of 214 mV to deliver a geometric current density
of 50 mA cm(-2) (eta(50 mA cm-2) = 214 mV), surpassing that NiFe LDH supported on a 2D graphite paper
(NiFe LDH/GP; eta(50 mA cm-2) = 301 mV). More importantly, NiFe LDH/GF shows good durability at 50
mA cm(-2) within 50 h of OER catalysis testing and delivers a faradaic efficiency of nearly 100% in the
electrocatalysis of OER.
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Abstract

Thermal enhanced methane recover y inevitably aggravates the soi l and water loss, causing severe harm
to the sustainability of groundwater environment and the surrounding ecosystem. Therefore, quantitative
analysis of the effect of thermal enhanced methane recover y on groundwater loss and ecological risk of
coalbed methane development zone is necessary. In this study, a coupling model of gas drainage and
groundwater loss is estab-lished. The model considers the dynamic gas diffusion of coal matrix, the two-
phase flow of water and gas, and the influence of temperature on such flow. Based on this model ,
characteristics of groundwater loss of coal seam reservoir caused by enhanced methane recover y are
analyzed, and the ecological risk assessment of methane recovery zone is realized. Results indicate that
during heat injection, the permeability of the coal seam increases with distance from the borehole due to
the competition between two-phase flow and temperature. High tem-perature develops the
permeability, gas production, and water production of the reservoir. The change rules of water and gas
productions are similar with initial increases and subsequent declines. The influence of coal gas diffusion
on groundwater loss has a certain time lag. In the early stage, the dynamic attenuation of gas dif f usion
is not apparent. In the later stage, the supplement rate of gas from matrix to fracture decreases. The initial
saturation has a significant influence on the water production rate in the early stage. A large Langmuir
volume constant not only strengthens the peak value of gas drainage rate but also the gas drainage rate
itsel f in the later declining period. Large scale coalbed methane development wi l l face ecological risks
such as water environment pollution, habitat destruction and soi l degradation, which is the key aspect of
ecological environment man-agement and risk prevention.
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Constructing an electrocatalyst with highly durable active and cost-effective core-shell with a porous
carbon nanosheet for the development of high efficiency energy conversion and storage devices. Herein,
we developed core-shell nickel-iron oxide on a highly porous N-doped carbon nanosheet (CS-NFO@PNC)
via a facile solvothermal calcination route. The optimized CS-NFO@PNC-700 showed remarkable
electrocatalytic activity towards ORR (0.85 V vs RHE), OER r10 = 217 mV, and HER r10 = 200 mV with
excellent durability towards the corresponding half-cell reactions. Further, we investigated the ORR, OER,
and HER mechanistic pathways of the electrocatalyst using the density functional theory. Finally, we
fabricated a rechargeable liquid electrolyte-based zinc-air battery with CS-NFO@PNC-700 as the cathode
which displayed an improved power density of 130 mW cm-2 at 217 mA cm-2 with excellent durability of
180 h. The rechargeable flexible quasi-solid-state zinc-air battery with CS-NFO@PNC-700 air cathode,
which exhibited excellent long term durability over 40 h at 5 mA cm- 2.
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Waves are seen in the atmosphere, oceans, etc. As one of the most common natural phenomena, water
waves attract the attention of researchers. For the shallow water waves, a (3+1)-dimensional generalized
nonlinear evolution equation is hereby investigated via the symbolic computation. Based on the Hirota
method, we present three bilinear auto-Backlund transformations, along with some soliton solutions. Our
results depend on the water-wave coefficients in that equation. (C) 2021 Elsevier Ltd. All rights reserved.

Keywords
Author Keywords
Shallow water waves(3+1)-dimensional generalized nonlinear evolution equationHirota methodSymbolic
computationBilinear auto-Backlund transformationSoliton solution



Water

53- Efficient Photocatalytic Overall Water Splitting Induced by the Giant Internal Electric Field of a g-
C3N4/rGO/PDIP Z-Scheme Heterojunction
By:
Chen, XJ (Chen, Xianjie) [1] ; Wang, J (Wang, Jun) [2] ; Chai, YQ (Chai, Yongqiang) [3] ; Zhang, ZJ (Zhang,
Zijian) [1] ; Zhu, YF (Zhu, Yongfa) [1]
(provided by Clarivate)

Volume
33
Issue
7
Article Number
2007479
DOI
10.1002/adma.202007479
Published
FEB 2021
Early Access
JAN 2021
Indexed
2021-02-08
Document Type
Article

Abstract

A graphitic carbon nitride/rGO/perylene diimide polymer (g-C3N4/rGO/PDIP) Z-scheme heterojunction is
successfully constructed to realize high-flux charge transfer and efficient photocatalytic overall water
splitting. A giant internal electric field in the Z-scheme junction is built, enabling the charge separation
efficiency to be enhanced dramatically by 8.5 times. Thus, g-C3N4/rGO/PDIP presents an efficient and
stable photocatalytic overall water splitting activity with H-2 and O-2 evolution rate of 15.80 and 7.80 mu
mol h(-1), respectively, approximate to 12.1 times higher than g-C3N4 nanosheets. Meanwhile, a notable
quantum efficiency of 4.94% at 420 nm and solar-to-hydrogen energy-conversion efficiency of 0.30% are
achieved, prominently surpassing many reported g-C3N4-based photocatalysts. Briefly, this work throws
light on enhancing the internal electric field by interface control to dramatically improve the
photocatalytic performance.
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Climate change has already and will continue to exert a vital impact on crop yield and water use in the
North China Plain (NCP). Currently, this plain is facing a dilemma between groundwater depletion and
grain production demand. It is urgent to identify the impact of future climate change on crop yield and
water consumption and then develop efficient adaptation strategies in the region. In this study, we used
statistically downscaled daily climate data from 33 global climate models (GCMs) and two Representative
Concentration Pathways (RCP4.5 and RCP8.5) for 61 stations distributed across the NCP and drove the
well-validated APSIM model to simulate crop yield and water use for two future periods of 2031-2060
(2040s) and 2071-2100 (2080s). Data from all 33 GCMs show an increase in annual mean temperature and
almost all the GCMs also show increases in annual mean solar radiation and annual total precipitation
across the NCP. Future climate warming led to an advance in phenology for both winter wheat and
summer maize, two typical crops in the NCP. However, the length of the reproductive growth period (RGP)
of winter wheat was prolonged while that of summer maize was shortened under future climate scenarios
across the NCP. Our simulated results show that future climate change had negative impacts on maize
yield but positive impacts on wheat yield across the NCP. Mainly due to the shortening of the whole
growth period, crop water consumption was largely decreased under future climate scenarios. The
amount of irrigation required was also reduced mainly due to increased precipitation and decreased ET.
Although future climate change would likely mitigate groundwater overdraft in most part of NCP, some
areas in the northern NCP still had groundwater over-pumping in the future. Therefore, we suggest that
it might be a good choice to change cropping system for reducing planting area of water-consuming crop
(e.g. winter wheat) in those over-pumping areas to balance groundwater use and crop yield.
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Increasing the efficiency of on-farm water use requires wise decisions on the irrigation system, the
irrigation strategy and the method to schedule irrigation, among other factors related to water
management. Since the early 2000s, the water productivity approach has been widely used to address
this issue. It provides useful indicators to both the biophysical water productivity and the economic
performance of irrigation. Analysis of the literature, however, shows both confusion on the use of terms
and lack of agreement on the equations. We have addressed the rational use of the water productivity
approach for the irrigator to improve both biophysical and economic water productivity at the field scale.
We also addressed the increasing use of the water footprint approach at the field scale. The literature
shows a lack of consensus on the reliability of the conceptual framework behind that approach. We
focused on its potential for irrigation decision making, and concluded that it is not advantageous, as
compared to the water productivity approach, for assessing on-farm water use. In addition, we show a
case study of a super high density olive orchard which analyses the joint use of economic water
productivity indicators and both production and profit functions to improve decision making.
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The present work reports the sonochemical synthesis of DBNO NC (dysprosium nickelate nanocomposite)
using metal nitrates and core almond as a capping agent. In addition, the effects of the power of
ultrasound irradiation were investigated. The BaDy2NiO5/Dy2O3 and BaDy2NiO5/NiO nanocomposites
were synthesized with sonication powers of 50 and 30 W, respectively. The agglomerated nanoparticles
were obtained using different sonication powers, including 15, 30, and 50 W. The results showed that
upon increasing the sonication power, the particle size decreased. After characterization, the optical,
electrical, magnetic, and photocatalytic properties of the NC were studied. The nanocomposites showed
an antiferromagnetic behavior. In this study, the photocatalytic degradations of two dyes, AR14 and AB92,
were investigated in the presence of DBNO NC. Furthermore, the effects of the amount of photocatalyst,
the concentration of the dye solution, the type of organic dye, and light irradiation on the photocatalytic
activity of the nanocomposite were studied. The results showed that with an increasing amount of catalyst
and decreasing concentration of dye, the photocatalytic activity of the nanocomposite was increased. This
activity for the degradation of AR14 is higher than that of AB92. Both AR14 and AB92 dyes show higher
photocatalytic degradation under UV irradiation than under Vis irradiation.
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