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1. Advanced triboelectric materials for liquid energy harvesting and emerging application
Chenchen Cai

Abstract: Triboelectric properties of materials play an essential rolein liquid energy harvesting and emerging application. The triboelectric properties of materials can be controlled by chemical functionalization strategy,which can improve the utilization of liquid energy resources or reduce the hazards of electrostatic effects. Herein, the latest research progress in molecular modification based on chemical functionalization to control triboelectric properties of materials is systematically summarized. By introducing the mechanism of contact electrification between liquid and solid materials and the developmental history of liquid–solid contact electrification, the influence of solid surface charge density, wettability and liquid properties on contact electrification of liquid and solid materials is described. Research progress on chemical functionalization for improving the hydrophobicity of solid materials, surface charge density of solid materials and triboelectric properties of liquid materials is highlighted. The focus then turns to the significance of enhanced liquid–solid contact electrification in energy harvesting, self-powered sensors and metal corrosion protection. Recent advances in chemical functionalization strategies for weakening the triboelectric properties of solid and liquid materials are also highlighted. Finally, an outlook of the potential challenges for developing chemical functionalization strategies in the field of solid surface modification and liquid molecular modification is presented.

2.Interfacing DNA hydrogels with ceramics for biofunctional architectural materials
Yehudah A. Pardo

Abstract: The development of architectural components with the capabilities of biological systems could lead to the realization of biofunctional, dynamic, interactive, and self-sustaining “living” architecture. One route to interfacing biological systems with architectural materials is functionalization with biomolecules. In particular, functionalization of surfaces with DNA incorporates both informational and active properties such as the ability to produce proteins. However, direct conjugation to surfaces can degrade biomolecule activity, reduce reaction kinetics, and limit available binding sites. Integration of DNA into a hydrogel matrix that is conjugated to the surface can overcome these limitations. Here, DNA encoding genetic information is converted into a hydrogel matrix, termed Meta P-gel. The unique mechanical properties of Meta P-gel allow it to adsorb to patterned ceramic surfaces in a spatially controlled manner. Simultaneously, Meta P-gel retains the biological ability to produce proteins, achieving spatial control over protein synthesis for potential applications in living architecture. Finally, Meta P-gel-based functionalization is applied to create stable protein gradients in situ, further exemplifying its applicability beyond architecture. These experiments are a first step toward continuous and stable protein expression from spatially controlled DNA hydrogels that would enable applications in biotechnological fields such as biosensor development and screening, and more broadly, in architectural fields such as fabrication of bioactive and bio-responsive ceramics for building façade design.

3.2D materials inks toward smart flexible electronics
Oyawale Adetunji Moses

Abstract: The significant advancement in 2D materials fabrications has ushered a paradigm shift in material chemistry, which in turn has greatly influenced the manufacturing industries, in terms of products offered to the global community. The development of smart flexible electronics is one of such advancements, with remarkable potentials when intelligently understood and applied. This review aims to provide an up-to-date survey of significant flexible electronics manufactured using 2D materials, analyze the additive manufacturing processes involved, anatomize inks formulation processes, properties, and post-treatment necessary for further advancement in smart flexible manufacturing. Finally, some explicit description of various smart applications of 2D materials inks in batteries, micro-supercapacitors, sensors, and other flexible electronics are highlighted, along with enlightening futuristic glimpse into their innovative integration into soft robotics.

4.Extremely strong and tough chitosan films mediated by unique hydrated chitosan crystal structures
Qing Zhang

Abstract: Chitosan-based materials have attracted considerable attention owing to their inherent biodegradability, biocompatibility, and antimicrobial properties. However, the establishment of a scalable technology for the fabrication of high-strength and high-toughness chitosan films remains a major challenge. Herein, a new route for the fabrication of high-strength and high-toughness chitosan films mediated by a unique hydrated chitosan crystal structure is reported, using an aqueous KOH/urea solution as a solvent and an aqueous KCl solution as a neutralization bath. The KCl concentration, neutralization temperature, and neutralization time significantly affect the self-assembly and lateral aggregation of chitosan chains and the microstructure and morphology of the chitosan hydrogels and films. Furthermore, stretching orientation endows the chitosan films with a high tensile strength, Young’s modulus, and work of fracture of 579 ± 52 MPa, 18.8 ± 1.5 GPa, and 26.7 ± 6.9 MJ m−3, respectively. To the best of our knowledge, the chitosan films developed in this study are the first example of extremely high-strength and high-toughness chitosan films. We believe that our findings will be useful for the fabrication of polysaccharide-based films with excellent mechanical properties and in broader applications in the fields of biomedicine, flexible bioelectronics, water treatment, and food packaging.

5.Symbiotic crystal-glass alloys via dynamic chemical partitioning
Andrea Brognara

Abstract: The design of high performance structural materials is always pursuing combinations of excellent yet often mutually exclusive properties such as mechanical strength, ductility and thermal stability. Although crystal-glass composite alloys provide better ductility compared to fully amorphous alloys, their thermal stability is poor, due to heterogeneous nucleation at the crystal-glass interface. Here we present a new strategy to develop thermally stable, ultrastrong and deformable crystal-glass nanocomposites through a thermodynamically guided alloy design approach, which mimics the mutual stabilization principle known from symbiotic ecosystems. We realized this in form of a model Cr-Co-Ni (crystalline)/Ti-Zr-Nb-Hf-Cr-Co-Ni (amorphous) laminate composite alloy. The symbiotic alloy has an ultrahigh compressive yield strength of 3.6 GPa and large homogeneous deformation of ∼15% strain at ambient temperature, values which surpass those of conventional metallic glasses and nanolaminate alloys. Furthermore, the alloy exhibits ∼200 K higher crystallization temperature (TX > 973 K) compared to that of the original TiZrNbHf-based amorphous phase. The elemental partitioning among adjacent amorphous and crystalline phases leads to their mutual thermodynamic and mechanical stabilization, opening up a new symbiotic approach for stable, strong and ductile materials.

6.A NIR-II-emitting gold nanocluster-based drug delivery system for smartphone-triggered photodynamic theranostics with rapid body clearance
David Santos-Carballal

Abstract: Nanomedicine has grown structurally complex in order to perform multiple tasks at a time. However, their unsatisfied reliability, uniformity and reproducibility account for the high rates of attrition in translational research. So far, most studies have been one-sidedly focused on the treatment efficacy of inorganic nanoparticles as cancer therapeutics, but overlook their elimination from the body – a key factor in getting regulatory approval. Instead of developing a new drug nanocarrier with uncertain future in medical practice, we therefore choose to leverage the utility of promising and translatable gold nanoclusters (AuNCs) for designing a simple but robust “all-in-one” nanocluster drug delivery system, where the AuNCs not only strengthen the renal clearance of neutral red (NR) as a model drug, but also aid its passive tumor targeting via the enhanced permeability and retention (EPR) effect. More interestingly, NR can stimulate the production of reactive oxygen species (ROS) to suppress tumor growth under ultralow-level radiation with a smartphone’s torch (fluence rate: 8 mW/cm2). This finding is especially valuable to low- and middle-income countries lacking resources in healthcare settings. By means of first-principles simulations, we also study in-depth the energies, structural and electronic properties of the AuNCs emitting in the second near-infrared window (NIR-II, 1000–1700 nm). In brief, our model fulfills safety, effectiveness and cost-effectiveness requirements for translational development.

7.Recent developments in electrode materials for dual-ion batteries: Potential alternatives to conventional batteries
Heng-guo Wang

Abstract: Lithium-ion batteries (LIBs), known as “rocking-chair batteries”, have shown a huge success in consumer electronics and energy vehicles. However, the soaring cost caused by the shortage of lithium and cobalt resources as well as the need for ever-higher performance and safety has promoted an urgent need to develop high-efficient battery systems. Dual-ion batteries (DIBs), based on different working mechanism that involves both cations and anions during the charging/discharging processes, are expected to be an alternative to conventional batteries due to their environmental friendliness, low cost, excellent safety, high work voltage, and high energy density. Despite these merits, DIBs also face various challenges from the limited capacity caused by intercalation-type graphite electrodes and shorter cycle life resulted from large anions intercalation and electrolyte decomposition at high voltage. To overcome those challenges, various effective strategies have been adopted and many inspiring results have been also reported. In this review, we briefly outlined the history, mechanism and configuration of DIBs and mainly summarized the recent developments of electrode materials for DIBs, covering inorganic electrode materials and organic electrode materials, along with their application in various metal-based DIBs. Especially, recent studies on organic electrode materials based on so-called DIB working mechanism are also highlighted. In addition, the existing problems and future perspectives are finally proposed. We hope this review will provide some inspiration for researchers to rationally design more efficient electrode materials for more advanced DIB systems.

8.Hole transporting materials in inorganic CsPbI3−xBrx solar cells: Fundamentals, criteria and opportunities
Ming-Hua Li

Abstract: Inorganic cesium lead halide (i.e., CsPbI3−xBrx) perovskite solar cells have made great breakthroughs in the last years with power conversion efficiency beyond 20%, thermal and photo stability reaching hundreds of hours. Hole transporting materials, as important building blocks in perovskite solar cells, present significant influences on both performance and stability. Understanding the energy loss mechanisms and failure pathways of inorganic perovskite solar cells that are originated from the hole transporting layer and the adjacent interfaces paves the way to enhance the efficiency towards Shockley-Queisser limit and to approach the long-term stability requirement. In this review, we first briefly overview the fundamentals of inorganic perovskites and solar cells, particularly on the criteria for designing and engineering efficient hole transporting materials. Second, we give a comprehensive review of recent advances on inorganic, small molecular and polymeric hole transporting materials. Finally, we discuss the challenges of state-of-the-art inorganic perovskite solar cells in view of the hole transporting materials and conclude this review by providing perspective on development of advanced hole transporting materials towards next-generation efficient and stable inorganic PSCs.

9.Toward multiscale simulations of tailored microstructure formation in metal additive manufacturing
Joel Berry

Abstract: Much of the latent promise of metal additive manufacturing (AM) rests in the potential for controlled creation of spatially tailored microstructures, designed to optimize key build-scale properties through systematic variation across a build. Component optimization possibilities and performance potential expand enormously when this becomes possible. However, the extreme conditions created by AM energy sources and the nature of alloy solidification under such conditions are not adequately understood. Modeling and simulation tools capable of quantitatively predicting AM microstructural outputs would enable a major leap forward. We demonstrate through experimental validation that a multiscale (nm/ns to mm/ms) simulation framework coupling CALPHAD thermodynamic models, microstructure scale phase field simulations, and laser track scale multiphysics simulations can quantitatively predict tailored microstructure formation in laser processed Ti-Nb. Extensive simulations and analysis of detailed microstructural predictions over a broad range of conditions reveal scaling laws for characteristic microstructural features that should generalize to a wide range of materials. Several of our findings highlight the central importance of the alloy freezing range ΔTf, which provides the basis of a generalized strategy for optimizing spatial control of microstructure during AM. This proposed strategy integrates alloy design with process design & control to identify optimal material and process condition combinations. We have also identified conditions and phenomena that appear to require a more complete treatment of far from equilibrium solidification kinetics, highlighting a fundamental need in the field. We anticipate that further development of such methodologies will contribute centrally to realizing the potential of materials with spatially tailored microstructure.

10.Superior mechanical properties of a selective-laser-melted AlZnMgCuScZr alloy enabled by a tunable hierarchical microstructure and dual-nanoprecipitation
Fern Lan Ng

Abstract: Achieving high mechanical strength and ductility in age-hardenable Al7000 series (Al–Zn–Mg) alloys fabricated by selective laser melting (SLM) remains challenging. Here, we show that crack-free AlZnMgCuScZr alloys with an unprecedented strength–ductility synergy can be fabricated via SLM and heat treatment. The as-built samples had an architectured microstructure consisting of a multimodal grain structure and a hierarchical phase morphology. It consisted of primary Al3(Scx,Zr1−x) particles which act as inoculants for ultrafine grains, preventing crack formation. The metastable Mg-, Zn-, and Cu-rich icosahedral quasicrystals (I-phase) ubiquitously dispersed inside the grains and aligned as a filigree skeleton along the grain boundaries. The heat treated SLM-produced AlZnMgCuScZr alloy exhibited tunable mechanical behaviors through trade-off among the hierarchical features, including the dual-nanoprecipitation, viz, η′ phase, and secondary (Al,Zn)3(Sc9Zr), and grain coarsening. Less coarsening of grains and (Al,Zn)3(Sc9Zr) particles, due to a reduced solution treatment temperature and time, could overwhelm the more complete dissolution of I-phase (triggering more η′ phase), resulting in higher yield strength. Optimal combination of the hierarchical features yields the highest yield strength (∼647 MPa) among all reported SLM-produced Al alloys to date with appreciable ductility (∼11.6%). The successful fabrication of high-strength Al7000 series alloys with an adjustable hierarchical microstructure paves the way for designing and fine-tuning SLM-produced aluminum engineering components exposed to high mechanical loads.

11.In situ microscopy techniques for characterizing the mechanical properties and deformation behavior of two-dimensional (2D) materials
Peifeng Li

Abstract: Due to the atomic thickness and planar characteristics, two-dimensional (2D) materials such as graphene and transition metal dichalcogenides (TMDs) are considered to be excellent electronic materials, which endow them with great potential for future device applications. The robust and reliable application of their functional devices requires an in-depth understanding of their mechanical properties and deformation behavior, which is also of fundamental importance in nanomechanics. Considering their exceedingly small sizes and thicknesses, this is a very challenge task. In situ microscopy techniques show great superiority in this respect. This review focuses on the progress in in situ microscopy techniques (including atomic force microscopy (AFM), scanning electron microscopy (SEM), and transmission electron microscopy (TEM)) in characterizing the mechanical properties and deformation behavior of 2D materials. The technical characteristics, advantages, disadvantages, and main research fields of various in situ AFM, SEM, and TEM techniques are analyzed in detail, and the corresponding mechanical scenarios from point to plane are realized, including local indentation, planar stretching, friction sliding between atomic layers and atomic movement mechanisms. By virtue of their complementary advantages, in situ integrated microscopy techniques enable the simultaneous study of various mechanical properties, nanomechanical behavior, and inherent atomic mechanisms of 2D materials. Based on the present research, we look forward to further optimized in situ integrated microscopy techniques with high spatiotemporal atomic resolution that can reveal the dynamic structure-performance correlations and corresponding atomic mechanisms between the physical properties, such as mechanical, electrical, optical, thermal, and magnetic properties of 2D materials and their crystal structures, electronic structures, atomic layers, defect densities and other influencing factors under multifield coupling conditions. This will provide beneficial predictions and guidance for the design, construction and application of 2D material-based mechanoelectronic, piezoelectric, photoelectric, thermoelectric, etc. nanoelectronic devices.

12.MXenes and their derivatives for advanced aqueous rechargeable batteries
Yuan Tian

Abstract: Aqueous batteries are emerging power sources due to the merits of high safety, low cost, environmental friendliness, etc. However, several key issues such as narrow electrochemical stability window, dissolution of active materials, notorious dendrite growth and poor cycling lifespan hinder the practical application of aqueous batteries. Recently, 2D MXenes and their derivatives for aqueous batteries have exhibited substantial encouraging progress due to the special characters. The related researches have dramatically increased since 2019. However, comprehensive reviews on this topic are rare. Herein, the latest advances of MXenes and their derivatives for aqueous Zn-, Li-, Na- and dual-ion batteries are systematically reviewed, including cathode fabrication, anode design and electrolyte optimization, etc. This review aims to boost rational design strategies for practical application of aqueous batteries by combining the fundamental principle and research developments. Firstly, the fundamental background of aqueous rechargeable batteries is introduced and the superior merits for electrochemical energy storage of MXenes and their derivatives are summarized. Subsequently, the design strategies and internal mechanism of MXenes and their derivatives for aqueous batteries are comprehensively summarized and discussed. Finally, perspectives on the future design tactics of MXenes-based materials for aqueous batteries are proposed.

13.Blue light-emitting diodes based on halide perovskites: Recent advances and strategies
Jianfeng Zhang

Abstract: Metal halide perovskites, as a new generation of semiconductor materials, have been widely applied in various optoelectronic devices, especially in the field of perovskite light-emitting diodes (PeLEDs). The external quantum efficiencies (EQEs) of green, red, and near-infrared PeLEDs have exceeded 20% for the last few years, which are comparable to those of the state-of-the-art organic light-emitting diodes (OLEDs) and quantum-dot light-emitting diodes (QLEDs). However, the performances of blue PeLEDs lag far behind those of their counterparts, presumably due to the low quantum yields of blue perovskite films, the instability of the emission spectra, and the difficulties in charge injection for the devices under operation conditions. In this review, the structures and physical properties of blue emissive perovskite materials and the preparation methods of the corresponding perovskite films are firstly addressed. Then, the recent advances and strategies to improve the efficiency of blue PeLEDs are outlined, and the main challenges faced with the blue PeLEDs are also discussed. Finally, an outlook on blue LEDs based on perovskite materials is proposed.

14.Defect engineering of nanostructures: Insights into photoelectrochemical water splitting
Wen Lei

Abstract: Development of long-term and sustainable energy economy is one of the most significant technical challenges facing humanity. Photoelectrochemical (PEC) water splitting is regarded as the most attractive approach for conversion of solar energy to chemical energy, with H2 and O2 as the energy carriers. Defect engineering of photocatalytic materials has been proved effective in improving their performances in PEC water splitting process involving three basic steps, i.e., light absorption, charge transfer/separation, and surface catalytic reaction. In this paper, recent developments in using various techniques to introduce, characterize and regulate defects are summarized, based on which the important roles played by defects are highlighted in the development of high-performance defect engineered photoelectrodes for PEC water splitting application. Moreover, current challenges and future perspectives in the field of defect engineering of nanostructures for photoelectrodes are discussed.

15.Vertically aligned two-dimensional halide perovskites for reliably operable artificial synapses
Seung Ju Kim

Abstract: Halide perovskites, fascinating memristive materials owing to mixed ionic-electronic conductivity, have been attracting great attention as artificial synapses recently. However, polycrystalline nature in thin film form and instability under ambient air hamper them to be implemented in demonstrating reliable neuromorphic devices. Here, we successfully fabricated vertically aligned 2D halide perovskite films (V-HPs) for active layers of artificial synapses, showing moisture stability for several months. Unlike random-oriented HPs, which exhibit negligible current hysteresis, the V-HPs possess multilevel analog memristive characteristics, programmable potentiation and depression with distinguished multi-states, long-short-term plasticity, paired-pulse facilitation, and even spike-timing-dependent plasticity. Furthermore, high classification accuracy is obtained with implementation in deep neural networks. These remarkable improvements are attributed to the vertically well-aligned lead iodide octahedra acting as the ion transport channel, confirmed by first-principles calculations. This study paves the way for understanding HPs nanophysics and demonstrating their potential utility in neuromorphic computing systems.

16.On the expanded Maxwell’s equations for moving charged media system – General theory, mathematical solutions and applications in TENG
Zhong Lin Wang

Abstract: The conventional Maxwell’s equations are for media whose boundaries and volumes are fixed. But for cases that involve moving media and time-dependent configuration, the equations have to be expanded. Here, starting from the integral form of the Maxwell’s equations for general cases, we first derived the expanded Maxwell’s equations in differential form by assuming that the medium is moving as a rigid translation object. Secondly, the expanded Maxwell’s equations are further developed with including the polarization density term Ps in displacement vector owing to electrostatic charges on medium surfaces as produced by effect such as triboelectrification, based on which the first principle theory for the triboelectric nanogenerators (TENGs) is developed. The expanded equations are the most comprehensive governing equations including both electromagnetic interaction and power generation as well as their coupling. Thirdly, general approaches are presented for solving the expanded Maxwell’s equations using vector and scalar potentials as well as perturbation theory, so that the scheme for numerical calculations is set. Finally, we investigated the conservation of energy as governed by the expanded Maxwell’s equations, and derived the general approach for calculating the displacement current ∂∂tPs for the output power of TENGs. The current theory is general and it may impact the electromagnetic wave generation and interaction (reflection) with moving train/car, flight jets, missiles, comet, and even galaxy stars if observed from earth.

17.Mid-infrared photonics and optoelectronics in 2D materials
Guozhen Liang

Abstract: With intriguing properties that are different from the conventional bulk materials, two-dimensional (2D) materials have attracted numerous and widespread research interests, including its applications in photonics and optoelectronics. Devices based on 2D materials have been demonstrated in a wide spectral range, from the ultraviolet to the terahertz, and the microwave wavelength range. The mid-infrared (MIR) region (about 2–20 μm) bears a particular scientific and technological significance because, for instance, many molecules have their spectral fingerprints and there are atmosphere transparent windows in this region. Nevertheless, the MIR region remains underdeveloped compared to the visible and the near-infrared telecommunication regimes, mainly due to the lack of suitable materials, such as narrow bandgap materials, and proper photonic designs for building high performance optoelectronic devices in this wavelength regime. Therefore, researchers have been exploring the possibility and opportunity of 2D materials to fill up the gap. Here, we review the key recent developments of 2D materials in the MIR photonic and optoelectronic applications, including photodetection, light modulation, surface plasmon polaritons, phonon polaritons, and their nonlinearities and provide an outlook on the challenges and opportunities that lie ahead for MIR optoelectronic research fields with 2D materials.

18.Catalytic materials for lithium-sulfur batteries: mechanisms, design strategies and future perspective
Hao Chen

Abstract: Lithium-sulfur batteries (LSBs) are attractive candidates for post-lithium-ion battery technologies because of their ultrahigh theoretical energy density and low cost of active cathode materials. However, the commercialization of LSBs remains extremely challenging primarily due to poor cycling performance and safety concerns, which are inherently caused by low conductivity of S8 and Li2S, severe polysulfide shuttling, and high polarization by solid Li2S2/Li2S deposition. Catalytic materials could facilitate the large-scale practical application of LSBs by overcoming all these challenges. In this review, we investigate the sulfur species evolution in LSBs and explore the roles of catalytic materials in charge/discharge processes, highlighting the catalysis of solid S8 to liquid polysulfides and solid Li2S2 to Li2S. Furthermore, we offer systematic strategies from atomic to macro levels, including defect engineering, morphology engineering and catalyst compositing, to enhance catalysis efficiency in terms of sulfur supercooling, fast charge transfer, thiosulfate generation, disulfide bond cleavage, tuneable Li2S growth and Li2S decomposition enhancement. The design and availability of the proposed catalytic materials will further advance LSB technology from coin cells and pouch cells to the subsequent commercialization scale.

19.Integrating spin-based technologies with atomically controlled van der Waals interfaces
Ping Kwan Johnny Wong

Abstract: As the feature sizes of electronic devices continue to shrink, new technologies—in particular spintronics and derived interfacial architectures—become increasingly pivotal. In this context, two-dimensional van der Waals materials and their interfaces are particularly attractive, relying on their ultimate atomic thicknesses and exceptional spin-related properties. This review provides a critical evaluation on the state-of-the-art of van der Waals interfaces and projected technological applications in spintronics, highlights major challenges and a viable solution—an all-in-situ growth and characterization strategy, and finally identifies several emerging spin-based technologies that might significantly benefit from the versatile van der Waals interfaces enabled by the strategy.

20.Structural insights into composition design of Li-rich layered cathode materials for high-energy rechargeable battery
Chong Yin

Abstract: The Li-rich layered oxide is considered as one of the most promising cathode materials for high energy density batteries, due to its ultrahigh capacity derived from oxygen redox. Although incorporating over-stoichiometric Li into layered structure can generate Li2MnO3-like domain and enhance the oxygen redox activity thermodynamically, the fast and complete activation of the Li2MnO3-like domain remains challenging. Herein, we performed a systematic study on structural characteristics of Li-rich cathode materials to decipher the factors accounting for activation of oxygen redox. We reveal that the activation of Li-rich cathode materials is susceptible to local Co coordination environments. The Co ions can intrude into Li2MnO3-like domain and modulate the electronic structure, thereby facilitating the activation of Li-rich layered cathode materials upon first charging, leading to higher reversible capacity. In contrast, Li2MnO3-like domain hardly contains any Ni ions which contribute little to the activation process. The optimum composition design of this class of materials is discussed and we demonstrate a small amount of Co/Mn exchange in Li2MnO3-like domain can significantly promote the oxygen redox activation. Our findings highlight the vital role of Co ions in the activation of oxygen redox Li-rich layered cathode materials and provide new insights into the pathway toward achieving high-capacity Li-rich layered cathode materials.

21.Defect engineering in nanozymes
Yu Wu

Abstract: Due to the high stability, various synthesis strategies, low cost, and tunable performance, nanozymes have gained much attention as the replacement of natural enzymes. To widen the application, highly active, specific, and robust nanozymes are in need. Recently, defects in nanomaterials have been verified to play a significant role in enhancing catalytic performances. Therefore, the marriage between defect engineering and nanozymes is expected to spark new possibilities. In this review, defect engineering strategies in nanozymes are summarized and the close relationships between defects and nanozyme properties are highlighted. It is anticipated that defect engineering will bring new opportunities to the evolving field of nanozymes.

22.Microstructure-optimized concentration-gradient NCM cathode for long-life Li-ion batteries
Geon-Tae Park

Abstract: Herein, a comprehensive investigation of the effect of calcination temperature on the physicochemical properties of full-concentration-gradient Li[Ni0.78Co0.10Mn0.12]O2 (FCG NCM78) and the electrochemical performance of FCG NCM78 cathodes was conducted. The electrochemical performance of the FCG NCM78 cathode was significantly influenced by the physical properties of FCG NCM78, such as crystallinity, compositional gradient, and morphology. The crystallinity of FCG NCM78 increased with increasing calcination temperature; however, the compositional gradient and radial alignment of rod-shaped primary particles increasingly disappeared at calcination temperatures exceeding the optimal calcination temperature. FCG NCM78 calcined at the optimal calcination temperature retained the morphological texture of its precursor and demonstrated high crystallinity; the resulting cathode exhibited remarkable cycling stability, thereby retaining 86.3% of its initial capacity after 4000 cycles, and superior rate capability due to the availability of nearly straight diffusion paths for Li-ion transport across adjacent primary particles. In contrast, excessively coarsened FCG NCM78 cathode particles, which are obtained at high calcination temperatures, develop permanent microcracks during cycling, thereby facilitating severe structural damage of the cathode material by parasitic surface reactions and the rapid deterioration of the solid electrolyte interphase layer on the graphite anode surface due to the crossover of dissolved transition-metal ions. Therefore, for superior electrochemical performance, the physicochemical properties of FCG cathode materials should be carefully optimized by controlling the calcination process.

23.Molding, patterning and driving liquids with light
Aamir Nasir Quraishy

Abstract: When a laser beam induces surface tension gradient at the free surface of a liquid, a weak surface depression is expected and has been observed. Here we report giant depression and rupture in “optothermocapillary fluids” under the illumination of laser and sunlight. Computational fluid dynamics models were developed to understand the surface deformation and provided desirable physical parameters of the fluid for maximum deformation. New optothermocapillary fluids were created by mixing transparent lamp oil with different candle dyes. They can be cut open by sunlight and be patterned to different shapes and sizes using an ordinary laser show projector or a common laser pointer. Laser driving and elevation of optothermocapillary fluids, in addition to the manipulation of different droplets on their surface, were demonstrated as an efficient controlling method and platform for optofluidic operations. The fundamental understanding of light-induced giant depression and creation of new optothermocapillary fluids encourage the fundamental research and applications of optofluidics.

24.Core-shell metallic alloy nanopillars-in-dielectric hybrid metamaterials with magneto-plasmonic coupling
Luke Mitchell McClintock

Abstract: Combining plasmonic and magnetic properties, namely magneto-plasmonic coupling, inspires great research interest and the search for magneto-plasmonic nanostructure becomes considerably critical. Here we designed a nanopillar-in-matrix structure with core–shell alloyed nanopillars for both BaTiO3 (BTO)-Au0.5Co0.5 (AuCo) and BTO-Au0.25Cu0.25Co0.25Ni0.25 (AuCuCoNi) hybrid systems, i.e., ferromagnetic alloy cores (e.g., Co or CoNi) with plasmonic shells (e.g., Au or Au/Cu). These core–shell alloy nanopillars are uniformly embedded into a dielectric BTO matrix to form a vertically aligned nanocomposite (VAN) structure. Both hybrid systems present excellent epitaxial quality and interesting multi-functionality, e.g., high magnetic anisotropy, magneto-optical coupling response, tailorable plasmonic resonance wavelength, tunable hyperbolic properties and strong optical anisotropy. These alloyed nanopillars-in-matrix designs provide enormous potential for complex hybrid material designs with multi-functionality and demonstrate strong interface enabled magneto-plasmonic coupling along with plasmonic and magnetic performance.
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